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Method Al: fwunRansingafasiduduanisses luganud 5275 - 5450 kHz
Method A2: fwuafansingasinsidudufansses lugiuanud 5350 - 5450 kHz
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Local coverage aspects

Ussinau tausliiinsusuuseadaiauanugiiiediu Local Coverage AU
geu 6 GHz Janendsainnisiiansanluiuszyusiuiuudd Tussyuiiugeu
Ifin1siansanuulgestaiausiuy  Local Coverage aduluy lagltinig
a a 3 d' o 5 1 = [y < 1
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Tuvazifsiuiielidenndosiunmsaniuviuvesanuzrinnu Mssyguisiugeu
Tgn1sUFuUsaRuNsALunuaneinauiing

Wvanevesnduviay 5A-2 Tunmsussguanizrha 5A adwiely (afedl 15)

- fiR1sanuiuuse Operational guidelines for the deployment of
broadband mobile systems for local coverage in the frequency bands
below 6 GHz
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nguviau 543 SwihiisuRaveulunisiansanussifuiiieitestunstesiunas
UsTMA513aite (Public Protection and Disaster relief: PPDR) dsaonadesniuszilouinsgnis
Usg il 0.0 Uaz 0.00 10IN1TUTEYN WRC-15 Tnglunisussgundedl fifeiauanindssimaaunn
bo Tetaue LelausmmIuMaINateUssiAuTAgITeaiy PPDR Geiluszaildsamiufiansan
waglimuiureululssifiusine deil
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fszgusuiufinnsanteiauevessamamnin  Wedaviiss CPM dmsy
sudounssil .o lnesaziBonsns CPM fenan axUseneusie wanmsane
manefiafiieites deiausnuzdadainnhenuineiduana nasnaunis
PdueILden Nad naldenan1siansalaly Resolution 646 (Rev.WRC-12)
(LﬁaLﬂu%’agaﬁugfluﬁﬁflﬁ’ayiamiﬁmﬁmﬂﬁmmLﬁmawizmmam%mq6] Tu
nsUsERa WRC-15) Seituszqaldiiiurousuiilunisudlusns CPM Taganinsn
wanuamamsenduniseenidu m 33 (Method) fad

Method A : laifinsusudsduduiiduaszdfguosound ves Resolution
646(Rev.WRC-12)) Tagazudluiamgdfnludeudtivindu wagli
UszLhy Broadband PPDR 11J1J3'1ﬂgiuwaﬂ'ﬁﬁﬂmﬁ'w]mmmu
wigay sialy
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oit: o. Wi AseurquawIngUszasivesteuLR b (Rev.WRC-12)
b, WUIN1IAINITT g anoudrdimiuarudeenislunisduiunis
Broadband PPDR fnuKan15@n®1vd ITU-R
o, WuIeAIAEE Indesiudeud 646 (Rev.WRC-12) (resolves part)
1953 harmonized mnsfiddefuvesusasdssma/usazniinig lu
Soswes Msteafiunazussnasisate

To1de: o. inTouAguANINgUILAIRANLABINNTURITaNLR s (Rev.WRC-12)
o, WATNINATH Lilalvidaiausuugayseinanie Tulufsusungnan
lunsaduayuusazUszima/ginie Wdn1s  harmonized  dnsy
wide area mobile broadband PPDR
o, wuIaeu3sE asllannsoifiadiunudfifing harmonized dnsu
Broadband PPDR wesusaznfinia (inafl e uag o) ¢
Method B : Y5ulgeansedfyuedanud oo (Resolution 646(Rev.WRC-12)
Tneagsioulsifiudsuszifiu Broadband PPOR luteudil wagli
A0AARBINNNTBNA b
fof: . wuWATE AseunquAL TR UsrassasdeuNR Dem (WRC-12) 7
TidnsuTudse udledeud oeo (Rev.WRC-12) @Sy Broadband
PPDR
o, WUINIRNITE amnsadiursauazanlfudazline dnns
harmonization AYAIAE13U Broadband PPDR léfagaimnzas
m. 09910 uwamemdsi ageeldiinng harmonization a7
dwfu  Broadband PPDR Iéiegraminzauvesusiazniinim deaz
dawaliigunsal tadesilofldauilsnaiiignas Fadulumiuaiiy
Hoen15v0inguUseinAitdeiaunfiiaugoanisld Broadband
PPDR #amanisdnuiikiusuandiiiuin nmsléimaluladiiduuuy
WertuluurazUsena nisurazninia asludssloviseunu
spreginadeninia uazseninssemaiisloanunindu Jeazii
Tifienudasadeanndsiuanassudefioniatuluouas

Toidy: o. MavAsuLasimLRiotsaiunmEnlyiiuns harmonization
dm3U Broadband PPDR
o,  wInAEH Usemaiioglugiined o fiinsldeuidimiy
mobile  broadband  luguamd 700 MHz - @13azdesiinng
UsanuaufuUsemaininisld anmdnsznedoaidsdsgetes e Tu
yauziieatu Jagtudszmalunguginiad o Idfmuaununisld
AuAdMTU Broadband  PPDR  @emAdesnudounii vab
(Rev.WRC-12) Bavmnlaifimsthuuimienndsilanld oredwansznu
songuuszmATiloanwainfuUssmalunginnai o
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Method C : Ysuugsansednfiyvastonsi b (Resolution 646(Rev.WRC-12))
Tneagviouliifufeuseiiiu Broadband PPDR 1ludeudil wasiaue
Tnsfiansaniesgunnudinglusingeglu detausuus TU-R
M.2015
InglviuonUszifiuieavesnnuiingdmiv PPOR 14l ITU-R
M.2015 siiiludruvesdormunmanaiasiegiiiiesdesiu PPDR
171’;& narrow-band , wide-band Wag Broadband PPDR Rlziﬂﬂi’mg
oglusnessauatulml ITU-R MIPPDR] madonifl sew (WRC-
12)

fofl: o. wuaeAs asouaguAATngUszasivesoutR e (Rev.WRC-12)
uag Yo bew WRC-12)  Alfiinsnumunazufuuse feud ves
(Rev.WRC-12) lui3osvas Broadband PPDR
b, WANAIH aun3ngIgANNAEAINTIgNUAIUUATDLAaY
Uszwa anunsadenldaud wealuladeneg nssuiunisdiiuaud
\Aenfiu Broadband  PPDR  lifanunsasdnulé (Harmonized) v
‘vm"gamuﬁﬁuaua%mﬂimmﬁluq
o minluswian Snsudluferfussideudededu wie MeuasBunms
wedlafiieadostu PPOR Aanunsaufuusudluldnunnuvangailu
sULUUTeY elauauuy ITU-R #3e 5184 ITUR

foide: o. MmIusnUszfuZeInIRBENNTBINAT b (Rev.WRC-12) 9101y
Jayriegangunsal PPOR flsiuinns waedldeditlogiin 1osann
ailiutiueulunsidengiuanud wie waluladfiazlddmsu PPOR
%ﬁﬂﬁﬁﬂﬂszLﬁuﬁaammﬁlmquﬂu%LﬁuaLLuzﬁmmsmﬂé‘lauLmaﬂ
I¢naennantu alinssduliiAnnsamuiionanssuuvie qunsal
Aeadu PPOR  dslslaonndesniuinguivasdniutond oeo
(Rev.WRC-12)

b, VaNUR e (WRC-12) taualiin1susulatoui vas (Rev.WRC-12)
igliiAn Broadband PPDR iy wilallfiaueliinisyfuuss
WasuuUasgumuiingdviu PPDR #3 Narrow Band g Wide
Band @ufiszyliegudiludeuni oeo (Rev.WRC-12) datiu n1susn
Usziiiuizesnnuiingfanan feeguenmiovounanuiuiinveu
Y8352t 08UI5¢ @.m (WRC-15)

. WINAAEE asunuuvnyMuusitiseudlamangauiiay
thanldluniswaun PPOR 1iieliAnnisldauiiaenndesiu
(Harmonization)  #sliiaenadesnuingUszasdnmudond vao
(Rev.WRC-12)
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&mlo N5HANTUIUTUU91e PDNR ITUR-M.[PPDR] Broadband public protection
and disaster relief communications WazenENIIEBUY  ITU-R  M.2033:
Radiocommunication objectives and requirements for public protection
and disaster relief (2033)

AszyusIuAuUTUUT9519 ITUR-M.IPPDR] sioannmsuseanguvineny 5A asad

(%

1%

Nusn Tneddeiaueanusemaaundnineg s < fodiue misnesenuatul
Usznousmailomvdn  « dwiiddy  Uszneusne  unthludeasuns
Anredeansioldlumsdosiunazusamansisnds  dnwaznisdatesnid
MUY Narrow band and wideband duiumstesiuuazussimansisasie
fufinsouaguuasimaluladfifldedlutiogtu  saenunnudonnisnslda
PPDR 91nnguussimardsiam egslsfimuivszyunininsesuatuding
dazudnatalunisussgy euzvhan 5A adutely (afefl 0@) Fewemnuianiie
szmaannBnangg fnnsandavhdelausiusiotiifivssguaneyinuile
firsanadasely
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Annex 4 to Working Party 5A Chairman’s Report

DRAFT CPM TEXT FOR WRC-15 AGENDA ITEM 1.4
(as approved by WP 5A for submission to the Chapter Rapporteur)

CHAPTER 1

Mobile and Amateur issues
(Agendaitems 1.1, 1.2,1.3, 1.4)

AGENDA ITEM 1.4
(WP 5A / WP 5B, WP 5C, (WP 3L))

1.4 to consider possible new allocation to the amateur service on a secondary basis within
the band 5 250-5 450 kHz in accordance with Resolution 649 (WRC-12);

Resolution 649 (WRC-12): Possible allocation to the amateur service on a secondary basis at
around 5 300 kHz

1/1.4/1  Executive Summary
Two primary methods have been developed as a result of studies.

Method A proposes an allocation to the amateur service, on a secondary basis, for one or more
segments of contiguous spectrum in the range 5 275 kHz to 5 450 kHz. Four sub-methods have
been developed:

- Method Al calling for an allocation to the amateur service, on a secondary basis in
the frequency band, 5 275-5 450 kHz.

- Method A2 calling for an allocation to the amateur service, on a secondary basis in
the range 5 350 to 5 450 kHz

- Method A3 calling for an allocation to the amateur service up to [xx] kHz, on a
secondary basis, in the range 5 275 kHz to 5 450 kHz.

- Method A4 calling for an allocation to the amateur service at several specific channels,
on a secondary basis, in the range 5 275 kHz to 5 450 kHz.

Method B is for No Change to the 5 250-5 450 kHz band.

For all of the proposed methods, suppression of Resolution 649 (WRC-12) would be a
consequential change.
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1/1.4/2  Background

Based on the recommendation of the 1978 CCIR Special Preparatory Meeting, WARC-79 accepted
the principle that, like other high-frequency radio services, the amateur service should have access
to a family of frequency bands such that communications can be maintained as propagation
conditions change. The amateur service has access to allocations in the vicinity of 3 500 and

7 000 kHz; however, there are frequent occasions when ionospheric conditions render either or both
of these allocations unsatisfactory for communications over the distances which amateur radio
operators are frequently requested to cover in the course of facilitating emergency and disaster relief
operations. These distances might be relatively short (less than 12000 km) when providing direct
support to first responders or relatively longer (greater than 1000 km) when exchanging
information, for example, with international organizations.

The frequency range 5 250-5 450 kHz is allocated to fixed and mobile (except aeronautical mobile)
services in all three Regions on a primary basis. Radiolocation services are also allocated in the
range 5 250 to 5 275 kHz as a secondary service in Regions 1 and 3 and primary in Region 2.

The Master International Frequency Register (MIFR) shows 13314 frequency assignments to the
fixed service, 2104 frequency assignments to base stations on land in the mobile service,

251 frequency assignments to transmitting coast stations in the mobile service and 14 frequency
assignments to coast maritime receiving stations in the mobile service. Assignments in such
numbers illustrate that it is often unfeasible to deploy traditional mobile communication networks
and satellite communication stations in many sparsely populated, inaccessible and remote areas of
the globe including those in the Arctic and Antarctic regions. These links are typically used for
different purposes including disaster relief operations. The usage of these assignments is strongly
dependent on link distances, time of day, month/season, level of solar activity and real-time
propagation conditions. Technologies for automatic evaluation of propagation channels have
resulted in new and different operational use of these HF frequencies.

The view of some administrations is that using the MIFR to determine the number of active stations
in the band significantly overestimates the spectrum occupancy by incumbent services as listings of
stations that become inactive are not routinely deleted.

Amateur service characteristics in the frequency range 5 250 to 5 450 kHz are similar to land
mobile service with respect to antenna types, modulation, and transmission bandwidths. This range
of spectrum provides propagation at times when the maximum usable frequency (MUF) is below

7 MHz and the lowest usable frequency (LUF) is above 4 MHz permitting reliable communication
for radio amateurs at any time of the day.

Currently more than 50 countries e.g. Bahrain, Bangladesh, Canada, the Czech Republic, Cayman
Islands, the Dominican Republic, Finland, Ireland, Norway, Sweden, the United Kingdom, the
United States allow amateur use of this band, either in the full band or part of the band.

It should be noted that RR No. 1.56 specifies that amateur service: is a radiocommunication service
for the purpose of self-training, intercommunication and technical investigations carried out by
amateurs, that is, by duly authorized persons interested in radio technique solely with a personal
aim and without pecuniary interest.
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1/1.4/3  Summary of technical and operational studies, including a list of
relevant ITU-R Recommendations and Reports

Relevant ITU Recommendations:

ITU-R P.533-12, ITU-R P.372-11, ITU-R P.368-9, ITU-R F.240-7, ITU-R F.339-8,
ITU-R M.1677-1, ITU-R M.1732-1, ITU-R F.1761-0, ITU-R F.1762-0, ITU-R F.1821-0,
ITU-R M.1874-1 and ITU-R SM.1541-5

Relevant ITU Reports:
ITU-R M.2080-0, ITU-R M.2234-0, ITU-R M.[PPDR] and ITU-R M.[5 MHz COMPAT]

1/1.4/3.1 Compatibility with stations in the fixed service

Studies conducted by several administrations have led to different conclusions about the impact of
the proposed secondary allocation to the amateur service upon the existing primary users.

One administration analyzed the potential interference to a fixed-link operating over a 1 500 km
path from an amateur link of a similar path length and determined that — notwithstanding the
assumed amateur secondary status and practice of listen-before-transmit — operation of the amateur
link on the same frequency as the fixed link was using was generally not practical. After taking
account of the few remaining occasions when the amateur link might nonetheless operate
co-channel with the fixed link, the incidence of potential interference should be infrequent and
generally would not preclude continued operation of the fixed link and should be resolvable on a
case-by-case basis.

However, a study conducted by another administration concluded that harmful interference caused
by amateur transmissions could result in unacceptable interference which could lead to loss of FS
link functionality and in degradation of wanted signal reception conditions unless separation
distances of, e.g., 2 000 km for single-hop links and 6 500 km for double-hop links, were observed.

1/1.4/3.2 Compatibility with stations in the mobile service

The characteristics of stations in the mobile service are similar to the characteristics of stations in
the fixed service, but the use of omnidirectional whip antennas on mobile units in the mobile
service has two results:

1) otherwise identical circuits being less reliable in the mobile service than the fixed
service; and

2) equal sensitivity of mobile units to both wanted and potentially interfering signals in all
directions.

Studies on these two points are not complete.

Adjacent band analysis with stations in the aeronautical mobile service above 5 450 kHz indicates
compatibility with potential amateur service stations in the 5 250-5 450 kHz frequency range.
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1/1.4/4  Analysis of the results of studies

Views of the feasibility of sharing between incumbent services and the amateur service in the band
527510 5 450 kHz vary.

Some administrations are of the view that compatibility of amateur stations with the fixed and
mobile services systems is extremely difficult and may require operational constraints on the
amateur stations.

Other administrations are of the view that compatibility is feasible. One of these administrations
cites that there have been few cases of interference to incumbent services by amateur stations
operating in the 5 MHz range under domestic authorizations consistent with No. 4.4 of the Radio
Regulations. Interaction with the incumbent services, should it occur, generally does not preclude
their continued operation and such instances are normally resolvable on a case-by-case basis.

Other of these administrations report that they are unaware of any such cases of interference by
amateur stations operating under similar domestic authorizations.

In the case of the frequency range 5 250 to 5 275 kHz, allocated to radiolocation service for
oceanographic applications, previous ITU-R studies have found sharing “seems to be difficult ...1
For these reasons a secondary allocation to the amateur service within the frequency band

5 250-5 275 kHz authorized at WRC-12 should not be considered.

If necessary, to ensure compatibility of amateur stations with the fixed and mobile services,
operational constraints on the amateur stations additional to those already incumbent on a secondary
user might be required.

1/1.4/5 Methods to satisfy the agenda item

1/1.4/5.1 Method A

An allocation to the amateur service, on a secondary basis, for one or more blocks of spectrum
(not necessarily contiguous) in the range 5 275 kHz to 5 450 kHz.

Advantages

- The requirement of the amateur service for access to frequencies in the vicinity of
5 300 kHz would be met.

- The secondary status imposes an obligation on amateur stations to avoid harmful
interference to the incumbent primary user.

- A wide tuning range will allow amateurs to find a frequency that is not used by primary
services.
Disadvantages

- Risk of decreased throughput for automated HF systems, as fewer channels may be
available.

- Unacceptable interference may be caused to the links of the fixed and mobile services
(excluding aeronautical mobile service) including operation links used in disaster
situations and in relief operations.

1§ 2/1.15/3 of the Report of the Conference Preparatory Meeting to the World
Radiocommunication Conference 2012.
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1/1.4/5.1.1 Method Al
An allocation to the amateur service, on a secondary basis in the frequency band, 5 275-5 450 kHz.

1/1.4/5.1.2 Method A2
An allocation to the amateur service, on a secondary basis in the range 5 350 to 5 450 kHz

1/1.4/5.1.3 Method A3

An allocation to the amateur service up to [xx] kHz, on a secondary basis, in the range
5275 kHz to 5 450 kHz.

1/1.4/5.1.4 Method A4
An allocation to the amateur service at several specific channels, on a secondary basis, in the range

5275 kHz to 5 450 kHz.
1/1.4/5.2 Method B

No changes to Frequency Allocation Table of Radio regulations in the frequency band
5 250-5 450 kHz

Advantages

- Unacceptable interference would not be caused to operation of fixed, land mobile,
maritime mobile and radiolocation services.

Disadvantages

- Amateur service stations could operate in the frequency band 5 250-5 450 kHz only
subject to RR No. 4.4 provisions.

1/1.4/6  Regulatory and procedural considerations

For all of the methods below, Suppression of Resolution 649 (WRC-12) would be a consequential
change.

1/1.4/6.1.1 Regulatory and procedural considerations for Method Al
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ARTICLE 5
Frequency allocations

Section IV - Table of Frequency Allocations

(See No. 2.1)
MOD
5003-7 450 kHz
Allocation to services
Region 1 Region 2 Region 3
5 250-5 275 5 250-5 275 5 250-5 275
FIXED FIXED FIXED
MOBILE except aeronautical MOBILE except aeronautical MOBILE except aeronautical
mobile mobile mobile

Radiolocation 5.132A RADIOLOCATION 5.132A Radiolocation 5.132A
5.133A

5275-5 450

FIXED
MOBILE except aeronautical mobile
Amateur

1/1.4/6.1.2 Regulatory and procedural considerations for Method A2

ARTICLE 5
Frequency allocations

Section IV — Table of Frequency Allocations

(See No. 2.1)
MOD
5 003-7 450 kHz
Allocation to services
Region 1 Region 2 Region 3
5250-5 275 5250-5 275 5250-5 275
FIXED FIXED FIXED

MOBILE except aeronautical
mobile

Radiolocation 5.132A
5.133A

MOBILE except aeronautical
mobile

RADIOLOCATION 5.132A

MOBILE except aeronautical
mobile

Radiolocation 5.132A

5 275-5-4505 350

FIXED
MOBILE except aeronautical mobile

52755 350-5 450

FIXED
MOBILE except aeronautical mobile
Amateur
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1/1.4/6.1.3 Regulatory and procedural considerations for Method A3
ARTICLES

Frequency allocations

Section IV — Table of Frequency Allocations

(See No. 2.1)
MOD
5003-7 450 kHz
Allocation to services
Region 1 Region 2 Region 3
5 275-5-4505 xxx FIXED
MOBILE except aeronautical mobile

5275-54505 xxx-5 yyy FIXED

MOBILE except aeronautical mobile
Amateur ADD 5.A104

52755 yyy-5 450 FIXED
MOBILE except aeronautical mobile

ADD

5.A104  The maximum equivalent isotropically radiated power (e.i.r.p.) of stations in the
amateur service using frequencies in the band 5 xxx-5 yyy kHz shall not exceed [xx] W. Stations in
the amateur service shall not initiate transmissions before confirming the expected operating
channel is not occupied by fixed or mobile services.

1/1.4/6.1.4 Regulatory and procedural considerations for Method A4

ARTICLE 5

Frequency allocations

Section IV — Table of Frequency Allocations

(See No. 2.1)
MOD
5 003-7 450 kHz
Allocation to services
Region 1 Region 2 Region 3
5275-5 450 FIXED

MOBILE except aeronautical mobile
Amateur ADD 5.B104
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ADD

5.B104  The amateur service can only operate on the frequencies 5 xxx kHz, 5yyy kHz, ...,

and 5 zzz kHz. The maximum equivalent isotropically radiated power (e.i.r.p.) of stations in the
amateur service shall not exceed [xx] W. Stations in the amateur service shall not initiate
transmissions before confirming the expected operating channel is not occupied by fixed or mobile
services.

1/1.4/6.2 Regulatory and procedural considerations for Method B

ARTICLE 5

Frequency allocations

Section IV — Table of Frequency Allocations
(See No. 2.1)

NOC
5003-7 450 kHz
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Subject: Recommendation 1ITU-R M.2009 English only

Working Party 5A
[PRELIMINARY] DRAFT REVISION OF RECOMMENDATION ITU-R M.2009

Radio interface standards for use by public protection and disaster relief
operations in some parts of the UHF band in accordance
with Resolution 646 (Rev. WRC-0312)

(2012, 201X)

Summary of the revision

The broadband radio interface standards LTE-Advanced, SCDMA and B-TrunC have been added
as part of this Recommendation. Annex 3 has also been deleted and replaced with a reference to
Report ITU-R M.2033 in the noting. Other editorial improvements have also been made, such as
adding relevant ITU-R Recommendations to the list of references, amending the titles of some
sections to better reflect the contents, and removing acronyms/abbreviations no longer in use or

used only once.

1 Scope

This Recommendation identifies radio interface standards applicable for public protection and
disaster relief (PPDR) operations in some parts of the UHF band. The broadband standards included
in this Recommendation are capable of supporting users at broadband data rates, taking into account
the ITU-R definitions of “wireless access” and “broadband wireless access” found in
Recommendation ITU-R F.1399.

This Recommendation addresses the standards themselves and does not deal with the frequency
arrangements for PPDR systems, for which a separate Recommendation exists: Recommendation
ITU-R M.2015.

2 Introduction

This Recommendation addresses radio interface standards for use for public protection and disaster
relief operations. These standards are based on common specifications developed by standards
development organizations (SDOs). Using this Recommendation, regulators, manufacturers and
PPDR operators should be able to determine the most suitable standards for their needs.

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the
group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the
development of any further contribution on the subject.
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3 Relevant Recommendations and Reports

The existing Recommendations and Reports that are considered to be of importance in the
development of this particular Recommendation are as follows:

- Recommendation ITU-R F.1399 — Vocabulary of terms for wireless access.

- Recommendation ITU-R M.1457 — Detailed specifications of the terrestrial radio
interfaces of International Mobile Telecommunications-2000 (IMT-2000).

- Recommendation ITU-R M.1801 — Radio interface standards for broadband wireless
access systems, including mobile and nomadic applications, in the mobile service
operating below 6 GHz.

- Recommendation ITU-R M.2012 — Detailed specifications of the terrestrial radio
interfaces of International Mobile Telecommunications Advanced (IMT-Advanced).

- Recommendation ITU-R M.2015 - Frequency arrangements for public protection and
disaster relief radiocommunication systems in UHF bands in accordance with

ResolutionA646 (Rev. WRC-Q@;Q). /{ Formatted: Font: Bold

- Report ITU-R M.2014 — Digital land mobile systems for dispatch traffic.
- Report ITU-R M.2033 — Radiocommunication objectives and requirements for public
protection and disaster relief.

RonA RNA 2014 Diay

4 Considering
a) that administrations can determine which technologies to deploy for PPDR operations;
b) that inclusion of standards in this Recommendation does not preclude the use of other

standards for PPDR operations;

5 Noting

The PPDR user requirements outlined in Report ITU-R M.2033 and the acronyms and abbreviations
listed in Annex 3;

6 Recognizing

a) that Resolution 646 (Rev. WRC-0312) encourages administrations to consider the Formatted: Font: 8old
following-the frequency bands/ranges or parts thereof as identified in that Resolution when ﬁ[ Formatted: Font: Bold
undertaking their national planning for the purposes of achieving regionally harmonized frequency Formatted: Font: Bold

(N N

bands/ranges for advanced public protection and disaster relief solutions:

in-Region-1-380-470-MHE ha fraaueney, noe-wWithin-whi
A
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b) that Recommendation ITU-R M.2015 - Frequency arrangements for public protection
and disaster relief radiocommunication systems in UHF bands in accordance with Resolution 646
(WREC-03)646 (Rev. WRC-12) provides guidance on frequency arrangements for public protection
and disaster relief radiocommunications in certain regions in some of the bands below 1 GHz
identified in Resolution 646.

7 Recommendation
The ITU Radiocommunication Assembly,
recommends

that for PPDR operations the radio interface standards as contained in Annexes 1 and 2 should be
used.

Annex 1

Broadband radio interface standards for use by PPDR operations
in accordance with Resolution 646-QA/RC-03)646 (Rev. WRC-12)

This Annex provides information on broadband standards for use by PPDR operations. References
are provided to ITU texts which contain more detailed descriptions of these standards and their
capabilities. It is recognized that these standards may not fulfil all the user requirements described
in Report ITU-R M.2033Anrnex-3, and that each administration and its PPDR organizations will
have to analyse the information and determine which standard is most appropriate for their
purposes.

1 IMT-2000 CDMA Multi-CarrierFechnoelogy-—=A~

“wp

i The specifications for the radio interface standard IMT-2000
CDMA Multi-Carrier (IMT-2000 CDMA-MC) technoelogy-isare developed within 3GPP2
Generation Partnership Project 2). A full description is available in Annex 2 of Recommendation
ITU-R M.1801. For additional information, see also § 5.2 of Recommendation ITU R M.1457.

2 IMT-2000 CDMA Direct SpreadFechnrolegy—B-

The specifications for the radio interface standard IMT-2000 CDMA Direct Spread (Fechnology
“B” corresponding-te-IMT-2000 CDMA-DS), specifically UTRA FDD, is-are developed within
3GPP (3" Generation Partnership Project). This radio interface standard also includes the FDD
elements of the Evolved Universal Terrestrial Radio Access (E-UTRA) referred to as Long-Term
Evolution (LTE). A full description is available in Annex 2 of Recommendation ITU-R M.1801.
For additional information, see also § 5.1 of Recommendation ITU R M.1457.
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3 IMT-2000 OFDMA TDD WMAN¥echnology=C*

The radio interface standard IMT-2000ehnelogy—C -correspondingto OFDMA TDD WMAN is
developed within the IEEE. A full description is available in Annex 2 of Recommendation ITU-R
M.1801. For additional information, see also 8 5.6 of Recommendation ITU R M.1457.

4 IMT-2000 TDMA Single-CarrierFechnology-bB~

The radio interface standard IMT-2000 TDMA Single- Carrler (2hasep tlcomesnondne-e
TDMA-SC) is developed by ATIS utilizing within-3GPP (3*-Generation-Partnership
Projeet)specifications. A full description is available in Annex 2 of Recommendation ITU-R
M.1801. For additional information, see also § 5.4 of Recommendation ITU R M.1457.

5 IMT-2000 CDMA TDDFechnology—E>

The_specifications for the radio interface standard ehnelegy-~E~-cerresponding-tolMT-2000 CDMA
TDD, specifically UTRA TDD, techrology-isare developed within 3GPP3"-Generation
Partnership-Projeet). This radio interface is called the Universal Terrestrial Radio Access (UTRA)
time division duplex (TDD), where three options, called 1.28 Mchip/s TDD, 3.84 Mchip/s TDD and
7.68 Mchip/s can be distinguished. This radio interface standard also includes the TDD elements of
the Evolved Universal Terrestrial Radio Access (E-UTRA) referred to as Long-Term Evolution
(LTE). A full description is available in Annex 2 of Recommendation ITU-R M.1801. For
additional information, see also § 5.3 of Recommendation ITU-R M.1457.

6 LTE-Advanced

“The IMT-Advanced terrestrial radio interface specifications known as L TE-Advanced and based
on LTE Release 10 and Beyond are developed by 3GPP. In 3GPP terminology, the term E-UTRA
(Evolved-UTRA) is also used to indicate the LTE radio interface.

LTE-Advanced is a Set of RITs (Radio Interface Technologies) consisting of one FDD RIT and one
TDD RIT designed for operation in paired and unpaired spectrum, respectively. The TDD RIT is
also known as TD-LTE Release 10 and Beyond or TD-LTE-Advanced. The two RITs have been
jointly developed, providing a high degree of commonality while, at the same time, allowing for
optimization of each RIT with respect to its specific spectrum/duplex arrangement.” 3

A full description is available in Annex 3 of Recommendation ITU-R M.1801. Ieehnelegy—lé

d&plexmg—(FDD)—and—Hm&dMﬁsn@Ilee;eﬂg—GFDD)—For addltlonal |nformat|on see Annex 1 of

Recommendation ITU-R M.2012.Feradditional-information,-see-8§ 5:-1-and-5-3-of
Recommendation 1 FU-R- M-1457-

3 See 81.1.1 of Recommendation ITU-R M.2012-1 — Detailed specifications of the terrestrial
radio interfaces of International Mobile Telecommunications-Advanced (IMT-Advanced)
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7 SCDMA

The radio interface standard SCDMA is developed within CCSA (China Communications
Standards Association). The radio interface supports a channel bandwidth of a multiple of 1 MHz
up to 5 MHz. Sub-channelization and code spread, specially defined inside each 1 MHz bandwidth,
provides frequency diversity and interference observation capability for radio resource assignment
with bandwidth granularity of 8 kbit/s. The channelization also allows coordinated dynamic channel
allocations among cells to efficiently avoid mutual interference.

The system employs TDD to separate uplink and downlink transmission. For additional
information, see Annex 7 of Recommendation ITU-R M.1801.

8 B-TrunC

The radio interface standard B-TrunC is developed by CCSA and published by Ministry of Industry
and Information Technology of the People’s Republic of China. B-TrunC supports scalable carrier
bandwidths, from 20 MHz down to 1.4 MHz. Moreover, B-TrunC can support one-to-many voice
call, one-to-many video call, and other PPDR applications by introducing new one-to-many
transmission mechanism in radio interface. For additional information, see also YD/T 2741-2014.
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Annex 2

Narrow-band radio interface standards for use by PPDR operations
in accordance with Resolution 646-0A/RC-03)646 (Rev. WRC-12)

This Annex provides information on narrow-band standards for use by PPDR operations.
References are provided to ITU texts which contain more detailed descriptions of these standards
and their capabilities. It is recognized that these standards may not fulfil all the user requirements
described in Report ITU-R M.2033AnRRex-3, and that each administration and its PPDR
organizations will have to analyse the information and determine which standard is most
appropriate for their purposes.

1 Fechnelogy-—A”Project 25
Fechnology—A correspondingte-Project 25 is developed by TIA FR-8-with input from the

Project 25 steering committee made up of representatives from the Association of Public Safety
Communications Officials International (APCO), the National Association of State Technology
Directors (NASTD), selected federal agencies and the National Communications System (NCS).
Project 25 operates in 12.5 kHz or 25 kHz channels.

For additional information on the technical and operational characteristics of Project 25, see
Report ITU-R M.2014 and VVolume 3 of the Land Mobile Handbook.

2 Terrestrial Trunked Radio (TETRA)Fechnology—B~

Thechnelogy~B”corresponding-to-the Terrestrial Trunked Radio (TETRA) system was developed
in the European Telecommunications Standards Institute (ETSI) as ETSI Project TETRA (now

known as ETSI Technical Committee (TC) TETRA) to deliver a digital trunked mobile radio set of
standards, under a mandate from the European Commission, for a PMR communications system
that could be deployed in Western Europe.

Besides meeting the needs of traditional PMR user organizations, the TETRA standard has also
been developed to meet the needs of Public Access Mobile Radio (PAMR) operators.

For additional information on the technical and operational characteristics of TETRA, see
Report ITU-R M.2014.

3 Digital Mobile Radio (DMR)¥Fechnelogy—C~
Technology-~C correspondingto-the Digital Mobile Radio (DMR) system was developed by ETSI

as a direct digital replacement for analogue PMR while imposing no fundamental changes in the
architecture of either conventional or trunked systems.

DMR is a scalable system that can be used in unlicensed mode, and in licensed mode, subject to
national frequency planning. It is developed in three “tiers”:

- tier 1 is the low-cost, licence-exempt “digital PMR446”.

- tier 2 is for the professional market offering peer-to-peer mode and repeater mode
(licensed).

- tier 3 is for trunked operation (licensed).
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DMR is a two slot Time-Division Multiple Access (TDMA) system offering digital voice and data
solutions, and uses a 4FSK modulation scheme utilizing 6.25 kHz per channel. The standard is
designed to operate within the existing 12.5 kHz channel spacing.

For additional information on the technical and operational characteristics of DMR, see ETSI
Technical Report TR 102 398 that provides a useful introduction to DMR. Technical Specification
TS 102 362 parts 1 to 3 covers DMR protocol conformance testing and test suites, and Technical
Specification TS 102 490 defines the narrow-band or “digital PMR” protocol.

The System Reference Documents are ETSI Technical Report TR 102 335-1 (Tier 1 DMR)
and TR 102 335-2 (licensed).

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0268!R1!MSW-E(1)_tonmsuuy .DOCX 15.05.15 15.05.15



SAITEMP/268(Rev.1)-E

Formatted: enumlevl

15.05.15

15.05.15

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0268!R1!MSW-E(1)_tonmsuuy .DOCX



-9-
5A/TEMP/268(Rev.1)-E

Annex 43

Acronyms and abbreviations

3GPP - 3" Generation Partnership Project

B-TrunC- Broadband Trunking Communication
CDMA TDD - Code division multiple access time division duplex

- ltin] .
- Liol ki .
DMR - Digital mobile radio
. .
ETSI — European Telecommunications Standards Institute
E-UTRA - Evolved Universal Terrestrial Radio Access
FDD - Frequency division duplex
FDMA - Frequency division multiple access
IEEE - Institute of Electrical and Electronics Engineers
LTE - Long-Term Evolution
limedi . .
ional s ‘ | .

onal —
OFDMA TDD WMAN - Orthogonal Frequency Division Multiple Access Time Division Duplex
Wireless Metropolitan Area Network

PAMR - Public access mobile radio
PMR - Private mobile radio
PPDR - Public protection and disaster relief
loni .
SMS—Short-message-serviceSCDMA — Synchronous Code Division Multiple Access
TETRA - Terrestrial trunked radio
TR - Technical report
UHF - Ultra high frequency
UTRA - Universal tTerrestrial fRadio aAccess

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0268!R1!MSW-E(1)_tonmsuuy .DOCX 15.05.15

15.05.15



LNFNIUUU n

EDNEIILUU en

[PRELIMINARY] DRAFT] REVISION OF RECOMMENDATION ITU-R M.2015

FIENUNANITUTZYUALLYINIU 5A ASIN o 4aT VBINIAINEANUIAN aNNNINTANUIANTZNIU ST
A UASLATIN UTenAaingaswaun



Intarnational
Telscommunication
Union

Radiocommunication Study Groups

Source: Docs. 5A/543 (Annex Document 5A/TEMP/271-E
5A/601, 5A/605, 5A/606 and 5A/610 4 November 2014
Subject: Recommendation ITU-R M.2015 English only

Working Party 5A

WORKING-DOCUMENT TOWARDS-A-[PRELIMINARY] DRAFT
REVISION OF RECOMMENDATION ITU-R M.2015

Frequency arrangements for public protection and disaster relief
radiocommunication systems in UHF bands in accordance
with Resolution 646 (Rev.WRC-12)

(2012, 201X)

Summary of the revision

Frequency arrangements for the band 406.1-430 MHz have been added in Annex 4 and two
additional frequency arrangements for the bands 806-824/851-869 MHz have been added in Annex
5 to reflect current deployments of PPDR networks. A number of additions and editorial changes
have been made to the considerings and notings. Recognising d) has been added from Resolution
646 (Rev. WRC-12) as well as a new footnote 4 that includes frequency ranges/bands used or
considered for use in some administration that are not included in Resolution 646 (Rev. WRC-12).
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Scope

This Recommendation provides guidance on frequency arrangements for public protection and disaster relief
radiocommunications in certain regions in some of the bands below 1 GHz identified in Resolution 646 /
(Rev.WRC-12), Currently, the Recommendation addresses arrangements in the ranges 380-470 MHz in
certain countries in Region 1, 746-806 MHz and 806-869 MHz in Region 2, 406.1-410 MHz, 410-430 MHz,
and 806-824/851-869 MHz in some countries in Region 3 in accordance with Resolutions ITU-R 53,
ITU-R 55 and WRC Resolutions 644 (Rev.WRC-1267), 646 (Rev.WRC-12), and 47 (Rev.WRC-8712).

The ITU Radiocommunication Assembly,

considering

a) that growing telecommunication and radiocommunication needs of public protection and
disaster relief (PPDR) agencies and organizations are vital to the maintenance of law and order,
protection of life and property, disaster relief and emergency response;

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the
group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the
development of any further contribution on the subject.
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b) that many administrations wish to facilitate interoperability and interworking between
systems used for PPDR radiocommunication, both nationally and for cross-border operations in
emergency situations and for disaster relief;

c) that a continuing requirement is envisaged for narrow-band applications (such as voice and

d) that continuing development of new technologies such as International Mobile
Telecommunications (IMT) and Intelligent Transport Systems (ITS) may be able to serve, support
or supplement advanced public protection and disaster relief applications;

e) that, over time, traditional narrow-band public protection and disaster relief applications,
such as mission critical voice and low-data rate applications, may be provided by advanced
broadband systems;

fe) that seme-administrations may have different eperational-needs-and-spectrum-requirements

from—for_their PPDR user—organizations for—PPBR-applications-depending on their operational
needs, spectrum requirements, policy objectives and organizational structureseireumstances;

af) that national spectrum planning for PPDR radiocommunication systems needs to have
regard for cooperation and bilateral consultation with other concerned administrations, in order to
facilitate greater levels of spectrum harmonization;

hg) that usage of the same frequencies of the same allocation will enable administrations to
benefit from harmonization while continuing to meet national planning requirements,

noting
a) that the benefits of spectrum harmonization are:

- increased potential for interoperability_between PPDR organizations within a particular
administration, or between PPDR organizations in difference administrations;

- a broader manufacturing base and increased volume of equipment resulting in economies of
scale and expanded equipment availability;

- improved spectrum management and planning;
- enhanced cross-border coordination and circulation of equipment.

b) that spectrum planning for PPDR radiocommunications is performed at the national level,
taking into account the need for interoperability and benefits of neighbouring administrations using
harmonized or common frequency bands;

c) the benefits of cooperation between countries for the provision of effective and appropriate
humanitarian assistance during disasters;

d) the needs of countries, particularly the developing countries, for low-cost communication
equipment;

e) that not all frequencies within an identified common frequency range will be available
within each country of the relevant ITU Region;

f) that flexibility must be afforded to administrations:
- to determine, at the national level, how much spectrum to make available for PPDR from

the band identified in Resolution 646 (Rev.WRC-12) in order to meet their particular /[Formatted; Font: Bold

national requirements;
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- to have the ability for the bands identified in Resolution 646 (Rev.WRC-12) to be used by J/[Formaﬂed= Font: Bold

all services having allocations according to the provisions of the Radio Regulations, taking
into account the existing applications and their evolution; and
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- to determine the need and timing of availability, as well as the conditions of usage of the
bands identified in Resolution MMRCJ.Z)JQLBBIMMMWFOWHMZ Font: Bold 1
national policy objectives, operational priorities, organizational structures and operating
environments;situations:

9) that information on technologies that may be appropriate for use in these frequency
arrangements is provided in Recommendation ITU-R M.2009 - Radio interface standards for use by
public protection and disaster relief operatlons in some parts of the UHF band |n accordance W|th
Resolution 646 (WRC-12)
Cireuwlar CAR/329;

h) that Report ITU-R M.2291, The use of International Mobile Telecommunications for
broadband public protection and disaster relief applications, describes the features and benefits
that make LTE particularly suitable for PPDR applications;

/[ Formatted: Font: Bold, Highlight J

iR)  the relationship ef-between Resolution 646 (Rev.WRC-12) on public protection and /{ Formatted: Font: Bold )
disaster relief, which invites the development of this Recommendation, withand Resolution 647 Formatted: Font: Bold }
(Rev. _WRC-6712) on spectrum management guidelines for emergency and disaster relief

rRadiocommunication and Resolution 644 (Rev.WRC-8127) on radiocommunication resources for /[Formatted Font: Bold ]

early warning, disaster mitigation and relief operations, which also address the need to coordinate
activities under these Resolutions in order to prevent any possible overlap,

recognizing

a) Resolution 646 (Rev.WRC-12) encourages administrations to consider the following /[F""‘a“ed‘ Font: Bold ]
identified frequency bands/ranges or parts thereof when undertaking their national planning for the

purposes of achieving regionally harmonized frequency bands/ranges for advanced public

protection and disaster relief solutions:

- in Region 1: 380-470 MHz as the frequency range within which the band
380-385/390-395 MHZz is a preferred core harmonized band for permanent public protection
activities within certain countries of Region 1 which have given their agreement;

- in Region 21: 746-806 MHz, 806-869 MHz, 4 940-4 990 MHz;

- in Region 32: 406.1-430 MHz, 440-470 MHz, 806-824/851-869 MHz, 4 940-4 990 MHz
and 5 850-5 925 MHz;

‘ [b)  the urgent need for development of regionally harmonized frequency arrangements in the /£F°"“a“e“= Highlight )
frequency range 380-470 MHz in Region 1, the range 746-806 MHz in Region 2, the frequency Formatted: Font: Italic, Complex
range 806-869 MHz in Region 2, and the frequency ranges 406.1-410 MHz, 410-430 MHz and 806- Script Font: Italic, Highlight
824/851-869 MHz in some-countries-in Region 3 for the purposes of implementing advanced PPDR

solutions;]

c) that, in the context of Resolution 646 (Rev.WRC-12), the term “frequency range” means a /[F“"‘a“e“’ Font: Bold )
range of frequencies over which relevanta radio equipment is envisaged to be capable of operating,
but limited to specific frequency band(s) according to national conditions and requirements;

d) that currently some bands or parts thereof have been designated for existing public
protection and disaster relief operations in some administrations, as is recognized in recognising )

of Resolution 646 (WRC-12)":

Formatted: English (United States),
Highlight

1 Venezuela has identified the band 380-400 MHz for public protection and disaster relief applications.

2 Some countries in Region 3 have also identified the bands 380-400 MHz and 746-806 MHz for public
protection and disaster relief applications.
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ed) that the identification of these frequency bands/ranges or parts thereof for PPDR |

for PPDR#4 in accordance with the Radio Regulations including the provisions of Resolution

radiocommunications does not preclude the use of, nor establish priority over, any other frequencies
646—/‘/{ Formatted: Font: Bold

(Rev.WRC-12), and does not preclude the use of these bands/frequencies by any application within
the services to which these bands/frequencies are allocated;

fe)  that the frequency bands identified in Resolution 646 (Rev.WRC-12) and covered by this J/[F“'“a“ed: Font: Bold

Recommendation are allocated to a variety of services in accordance with the relevant provisions of
the Radio Regulations;

af) that the frequency arrangements in the Annexes are provided for PPDR applications in the |
mobile service at the national level;

hg) that compatibility of stations using these frequency arrangements with other services |
operating in other countries is studied in the ITU at the service level and not at the application level;

iR) that Resolution ITU-R 53 instructs the Director of the Radiocommunication Bureau to |
assist Member States with their emergency radiocommunication preparedness activities, such as
listing of currently available frequencies for use in emergency situations for inclusion in a database
maintained by the Bureau;

]) that World Radiocommunication Conferences haveWRE-07 identified bands, including |

450-470 MHz, and part or all of the bands 698-960 MHz in certain Regions and countries, for use
by administrations wishing to implement IMT, as detailed in Nos. 5.286AA, 5.317A, 5.313A, Formatted: Font: Bold
5.316, 5.316A and 5.316B, Resolution 224 (Rev.WRC-1207) and Resolution 749 " -
D L & L A ormatted: Font: Bold
(Rev.WRC-6%12);

Formatted: Font: Bold
k) that the Regional Radiocommunication Conference (Geneva, 2006) established Regional Formatted: Font. Bold
Agreement relating to the planning of the digital terrestrial broadcasting service in Region 1 s
(parts of Region 1 situated to the west of meridian 170° E and to the north of parallel 40° S, except Formatted: Font: Bold
the territory of Mongolia) and in the Islamic Republic of Iran, in the frequency bands 174-230 MHz Formatted: Font: Bold
and 470-862 MHz (GE-06); Formatted: Font: Bold
1) that commercial terrestrial wireless systems may effectively complement dedicated systems Formatted: Font: Bold

(D /D /| W/ U,

in support of PPDR, particularly where advantage can be taken of the availability, high-bit rate, and
reliability features of these commercial systems. There may be a need for suitable upgrading of such
commercial systems to meet the specific needs of PPDR agencies,

3 3-30, 68-88, 138-144, 148-174, 380-400 MHz (including CEPT designation of 380-385/ 390-395 MHz),
400-430, 440-470, 764-776, 794-806 and 806-869 MHz (including CITEL designation of
821-824/866-869 MHz).

4 These additional frequency bands are used or considered for use by some administrations for PPDR:
350-370 MHz (China), 703-713/758-768 MHz (United Arab Emirates and Jordan), 791-801/832-842
MHz (Qatar) and 806-824/851-869 MHz (Israel).
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recommends

1 that administrations implementing the frequency arrangements in the Annexes should make
all necessary efforts to ensure compatibility between PPDR and stations of other services in
neighbouring countries;

2 that the frequency arrangements in the Annexes should be used by administrations as
guidance when making spectrum available for PPDR applications in the frequency bands described

| in recognizing p). Formatted: Font: Italic, Complex
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Annex 1

Examples of frequency arrangements for the band 380-470 MHz
in certain countries in Region 1 for narrow-band and wideband
public protection and disaster relief operations

1 Region 1

The frequency range 380-470 MHz has been identified as a tuning range for PPDR in Region 1. The* ~{ Formatted: Space Before: 6 pt

frequency band 380-385 MHz (uplink)/390-395 MHz (downlink) is the harmonized core band for
permanent use for PPDR. For more information relating to countries within Europe, see
ECC/DEC/(08)05 and ECC Report 102.

Wideband PPDR applications use channels within available parts of the frequency range
380-470 MHz.

Additionally certain channels have been identified for DMO (Direct mode operation) and AGA
(Air-ground-air operation) purposes.
1.1 DMO (Direct mode operation)

Simplex channels within the frequency bands 380-380.150 MHz and 390-390.150 MHz should be
used as harmonized channels for DMO. For more information relating to countries within Europe
see ERC/DEC/(01)19.

1.2 AGA (Air-ground-air operation)

Duplex channels within the frequency bands 384.800 MHz-385 MHz/394.800-395 MHz should be
used as the core band for harmonized channels for AGA. Duplex channels within the frequency
bands 384.750 MHz-384.800 MHz/394.750-394.800 MHz may be used as the preferred extension
band for AGA when additional channels are required. For more information relating to countries
within Europe, see ECC/DEC/(06)05.

1.3 Centre frequencies:
a) For systems with a channel bandwidth of up to 150 kHz
Fcn = band edge — (channel bandwidth/2) + n * channel bandwidth
where:
Fcn =  centre frequency;
n= channel number (1, 2, 3, ...);
band edge: is lower edge of frequency band.
b) For systems with a channel bandwidth of 200 kHz

The centre frequencies should be selected according to the formula under a) with an option to offset
these centre frequencies by 100 kHz.

C) For systems with a channel bandwidth of 1.25 MHz

The centre frequencies should be selected according to the formula under a) with an option to offset
these centre frequencies by multiples of 12.5 kHz, in order to provide flexibility to locate the centre
frequencies in the optimum position within the band.
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Annex 2

Examples of frequency arrangements within the bands 763 to 776 MHz
and 793 to 806 MHz in certain countries in Region 2 for narrow-band,
wideband and broadband public protection and disaster
relief operations

1 Region 2

The frequency range 764-776 MHz and 794-806 MHz has been identified for PPDR in the CITEL
PCC.II/REC. 18 (VI1-06). Within this frequency range, administrations could consider a number of
possible frequency arrangements examples as indicated below.

11 Example frequency arrangement “pn5 «i[ Formatted: Space Before: 6 pt

Base station transmit | Mobile station transmit Frequency block
(MHz) (MHz)
764-768 794-798 PPDR 1
768-776 798-806 PPDR 2
Public Safety Public Safety
NB/WB* v o] NBwBe
3 @ g 8  MHz

* Block A will be subject to a future consultation.

** The amount of narrowband (NB) and wideband (WB) spectrum will be set out in the relevant standard

5 This frequency arrangement is from the Canadian rules. For more details, see Industry Canada’s Gazette
Notice No. DGTP-007-09 — Narrowband and Wideband Public Safety Radiocommunication Systems in
the bands 768-776 MHz and 798-806 MHz (http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09553.html).
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| 1.2 Example frequency arrangement “B”6
Base station transmit | Mobile station transmit Frequency block
(MHz) (MHz)
| 75863-768 78893-798 PPDR 1*
769-775 799-805 PPDR 2°
768-769 798-799 PPDR internal guardband
CRRCRECREICS

| NOTE 1 - This frequency block is used for broadband PPDR applications’. Broadband
PPDR applications include web browsing, tactical video, surveillance video, high
resolution imaging, database access, and virtual private networks.

| NOTE 2 - This frequency block is used for PPDR applications that provide narrow-band
voice and low-speed data services. In the context of PPDR, narrow-band is defined in
Resolution 646 (Rev.WRC-12) as “supporting voice and low data-rate applications,
typically in channel bandwidths of 25 kHz or less”. Narrowband channels may also be
consolidated into wideband channels (50 to 150 kHz) if approval by the licensing
administration is obtained through a limited waiver process.

738 T6E

198 205 806
|

Public Safety Allocation

Public Safely Allocation

*’*””{ Formatted: Space Before: 6 pt J
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next, Don't keep lines together, Tab
stops: Not at 3.8 cm + 155cm +
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Formatted: Keep with next J
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Broadband g Narrowband Broadband g Narrowband
| Formatted: Font: 9 pt, All caps

Th3 75 793 205

i Fublic Safeiy i Fublic Safety

T T

I I

U 1

D: Broadband || Hanowband B b D: Broadband | 7| Harowhband B
| |
Tha TE4 ki TG Taa 794 200 206

6 This band plan is from the United States’ FCC Rules. For more details, see Part 90 of the FCC Rules at
http://wireless.fcc.gov/index.htm?job=rules _and_regulations.

7 The use of the term “broadband” in this Annex means indicative data rates in the order of 1-100 Mbit/s
with channel bandwidths dependent on the use of spectrally efficient technologies (from Resolution 646
(Rev.WRC-12) and Report ITU-R M.2033). It is recognized that other definitions of these terms exist in
other ITU texts (such as Recommendation ITU-R F.1399) or in the rules of various individual

administrations.
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Annex 3
Examples of frequency arrangements for the band 806 to 869 MHz in

certain countries in Region 2 for narrow-band public protection
and disaster relief operations

1 Region 2

1 ol 306-824/851-869 MK « Formatted: Highlight

In a number of countries in the Region 2, the band 806-824/851-869 MHZz is allocated to the mobile \[ Formatted: Space Before: 6 pt

service, and designated for Land Mobile Radio (LMR) applications. The duplex spacing is 45 MHz,
with the base stations transmitting in the 851-869 MHz, and the mobile stations in the
806-824 MHz range. PPDR channels may be assigned throughout this band and specific blocks may
be designated exclusively for PPDR applications. (See 8§ 1.1) Radio equipment is capable of tuning
to all channels in the band ensuring interoperability. To simplify cross-border coordination and to
ensure that public safety agencies have access to a stable and predictable pool of radio frequency
channels, neighbouring administrations could implement complementary frequency arrangements,
an example being shown in the figure below.

Land Mobile Radio Land Mobile Radio

PPOR1 PFPDRZ2 PPOR1 PPOR2

806 809 821 824 851 854 866 869 MHz

1.1 Example frequency arrangement

1.1.1 Designation of frequency blocks

¢]l Formatted: Level 2, Indent: Left: 0
c¢m, Hanging: 1.4 cm, Keep with
Mobile station/Control Base station transmit next, Keep lines together
station transmit (MHz) (MHz) Frequency block
806-809 851-854 PPDR18
821-824 866-869 PPDR2°

8 This frequency arrangement is from the United States’ FCC Rules. For more details, see Part 90 of the
FCC Rules at http://wireless.fcc.gov/index.htm?job=rules_and_regulations.

9 This frequency arrangement is from the Canadian rules. For more details, see Standard Radio System
Plan 502 at http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf00050.html.
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1.1.2 Channelization

The frequencies corresponding to the centre frequency of the channel number are defined by the

following formulas, where n is the channel number:

(n—791)

(n—791)

Mobile station transmit Base station transmit Channel
Channel number Channel centre frequency Channel centre frequency bandwidth
(MHz) (MHz) (kHz)
n=1to 600 f, = 806.0125 + (0.025) x f, = 851.0125 + (0.025) x (n-1) 25
(n-1)
n =602 to 790 f, =821.0375 + 0.0125 x f, = 866.0375 + 0.0125 x
except 639, 677, (n—602) + 0.025 x (n—602) +0.025 x 125
715, 753 floor[(n — 601) / 38] floor[(n — 601) / 38]
n =601, 639, 677, f, = 821.0125 + 0.5 x fn = 866.0125 + 0.5 x 25
715, 753 floor[(n — 601) / 38] floor[(n — 601) / 38]
n =791 to 830 f, = 823.5 + (0.0125) x f, = 868.5 + (0.0125) x 25125
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Annex 4

Examples of frequency arrangements for the range 406.1-430 MHz in certain
countries in Region 3 for narrowband public protection
and disaster relief operations

1 Region 3
1.1 Example frequency arrangement - 406.1-410 MHz

<]

Parts of the band 406.1-410 MHz are used in certain Region 3 countries to accommodate trunked*]
land mobile systems. Frequency arrangements for this spectrum are shown below.

Simplex services are accommodated within a 12.5 kHz channel raster on the following centre
frequencies (MHz):

Fn = 406.01250 + ((N-1) *0.0125) N=1,23,...
1.2 Example frequency arrangement for digital PPDR within 410-430 MHz

The band 410-430 MHz is used in certain Region 3 countries to accommodate digital trunked land
mobile systems.

The frequency band 410 to 430 MHz provides a total bandwidth of 20MHz for Digital Trunked
Radio Systems. The 12.5/25 kHz channelling plan is the standard channelling plan for this band
giving a total of 800 physical radio channels (or equivalent TRS analogue traffic channel of 1600
noting possibility of two time slots per physical channel). Although the standard channel spacing is
12.5/25 kHz, it provides flexibility to operate two or more contiguous channels (i.e. 50 kHz or 100
kHz) if needed. Administrations normally assign one or more channel based on channel spacing
12.5 kHz or 25 kHz.

The channelling plan based on a raster of 12.5 kHz and 25 kHz is shown below:

1.2.1  Frequency arrangements for 25 kHz channel spacing

Centre frequencies of the base station transmitting channel are (MHz):

Fn = 420.0125 +( N-1)*0.025 N=1,2, 3,... 400
The centre frequencies of the base station receiving channel is (MHz):

Fn =410.0125 +(N-1)*0.025 N=1,2,3,... 400

1.2.2  Frequency arrangements for 12.5 kHz channel spacing

Centre frequencies of the base station transmitting channel are (MHz):

Fn = 420.00625 +( N-1)*0.0125 N=1,2 3,... 800
The centre frequencies of the base station receiving channel is (MHz):

Fn = 410.00625 +( N-1)*0.0125 N=1,2 3,... 800

/L Formatted: Space Before: 6 pt J

Formatted: Level 2, Keep with next,
Keep lines together

/[ Formatted: Space Before: 6 pt ]

Formatted: Level 2, Indent: Left: 0
c¢m, Hanging: 1.4 cm, Space Before:

6 pt

C:\Users\nattawut.a\Downloads\R12-WP5A-141027-TD-0271!!MSW-E_tenmsuwy m.docx 15.05.15 15.05.15



1.2.3

-14 -
S5AITEMP/271-E

Channel allotment plan

4/[ Formatted: Space Before: 6 pt

The channel arrangements are divided into 4 pairs of frequency blocks (blocks A/A’, blocks B/B’,

blocks C/C’, and blocks D/D’) with transmit/receive separation of 10 MHz. The channel allotment

plan is designed to minimize inter-modulation and frequency interference problems by assigning

co-sited channels that are 250 kHz apart. The frequency blocks A, B, C and D, which contain 200

channels each, are divided into ten (10) channel groups (i.e. A01-A10, B01-B10, C01-C10 and

D01-D10) respectively.

The numbers of channels/channel groups assigned are based on the service requirement of the user

agency based among others on the area covered, grade of service (GOS), capacity and services

-

provided.
Block A B C D “\
Group Nos. | X=1t010 X=1t010 X=1t010 X=1t010
01to10 A=11010 B=1t010 C=11010 D=11t010
Channel 2*A-1+20*(X-1) 2*B+199+20*(X-1) and | 2*C+399+20*(X-1) and | 2*D+599+20*(X-1) and
Number N= | and 2*B+200+20*(X-1) 2*C+400+20*(X-1) 2*D+600+20%*(X-1)
2*A+20*(X-1)
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Annex 45
Examples of frequency arrangements for the bands 806 to 824 MHz and

851 to 869 MHz in seme-certain countries in Region 3 for narrowband and
broadband public protection and disaster relief operations

1 Region 3

1.1 Example narrowband plan — 806-824/851-869 MHz

The entire band may-—roermathycould be used with-for channel bandwidths of 25 kHz for digital
trunked radio systems. However some administrations may want to use different channel
bandwidths according to their policy. This Arnex—sub-section provides the—examples ease—of
channeling—Fthree channelling schemes-can-be-considered-in-this-band. In the sub-band of 806-
811/851-856 MHz the channel bandwidth is 25 kHz, in the sub-band of 811-813.5/856-858.5 MHz
the channel bandwidth is 12.5 kHz and in sub-band 813.5-816/858-861 MHz the channel bandwidth
is 6.25 kHz._The lower block 806-824 MHz is used for mobile station transmitters (uplink) and the
upper block is used for base station transmitters (downlink).

Land Mobile Radio Land Mobile Radio
806 811 813.5 816 824 851 856 858.5 861 869

Formulas to calculate the centre frequency eentre-of each channel are as follows:
- In sub-band of 806-811/851-856 MHz:
The band is divided into 25 kHz channels.
Centre frequency of N-th base station transmitting channel (MHz):
Fn =851.0125 + (N — 1) x 0.025 N=123, ..., 200
Centre frequency of N-th base station receiving channel (MHz):
Fn =806.0125 + (N — 1) x 0.025 N=123,...,200
- In sub-band of 811-813.5/856-858.5 MHz:
This sub-band is divided into 12.5 kHz channels.
Centre frequency of N-th base station transmitting channel (MHz):
Fn =856.00625 + (N—1) x0.0125 N=1,2,3, ...,200
Centre frequency of N-th base station receiving channel (MHz):
FN'=811.00625+(N—-1)x0.0125 N=1,2,3,...,200
- In sub-band of 813.5-816/858.5-861 MHz:
This sub-band is divided into 6.25 kHz channels.
Centre frequency of N-th base station transmitting channel (MHz):
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FN =858.503125 + (N — 1) x 0.00625 N=1, 2, 3, ..., 400
Centre frequency of N-th base station receiving channel (MHz):
Fn =813.503125 + (N — 1) x 0.00625 N =1, 2, 3, ..., 400.

1.2 Example broadband plan — 806-824/851-869 MHz

The broadband channel plan is based on paired frequencies with mobile station transmitters used in
the frequency band 806-824 MHz (uplink) and base station transmitters used in the frequency band
851-869 MHz (downlink).

To allow for possible co-existence with legacy narrowband systems and adjacent broadband
channel arrangements, administrations could consider the examples below:

809 824 854 869
(pr- 5 5 5 5 S 5
MJHHM\ Mz Mz Mtz MHz MHz MHz
806
MHz Legacgygz:r?;mband Downlink
Uplink Q
T Legacy narrowband
systems
867
- 5 5 > Y ;
an B 1w | whe MHz | MHz M;mm
807 824 852 869
MHz MHz MHz MHz

The raster for the wideband channels is 100 kHz, which means that the channel center frequencies‘/‘

are an integer multiple of 100 kHz. The broadband channel bandwidth is an integer multiple of
5 MHz. This provides flexibility for administrations to implement appropriate channel arrangements
in accordance with the above Plans ‘A’ or ‘B’, or some subset thereof, to suit specific national
circumstances. Some administrations may want to use different amounts of broadband and
narrowband spectrum than the examples in Plan ‘A’ or ‘B’ to allow for transition.

1.3 Example narrowband and broadband in 806-824/851-869 MHz

In Region 3 some countries, in accordance with Resolution 646 (WRC-12), have identified the
band 806-824/ 851-869 MHz for PPDR in their national plans. With the regional adoption of the
APT 700 MHz band plan, these countries wish to deploy broadband PPDR within the band 806-
824/ 851-869 MHz and at same time a) provide the necessary spectrum for narrow band PPDR and
b) ensure that the downlink of the APT 700 MHz band is protected from adjacent band interference
from the uplink transmission of broadband systems operating in the band 806-824/851-869 MHz,
particularly in cases where channel sizes of 10+10 or higher band width are use in the APT 700

MHz band.
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This _example shows how narrowband and broadband systems can be deployed in the band
806-824/851-869 MHz while ensuring the necessary protection of the APT 700 MHz band from
adjacent band interference. The sub-band 806-813/ 851-858 MHz is used for narrowband systems
with a channel bandwidth of 25 kHz; the sub-band 814-824/ 859-869 MHz is used for broadband
(LTE) systems using carrier bandwidths of 5 to 10 MHz. The sub-band 813-814/ 858-859 MHz acts
as guard band between narrowband and broadband systems.

1.3.1  Example of frequency arrangement for narrowband and broadband systems

803 BOS 813 814 824 851 858 850 260
APT
N Broad- N Broad-
700 iz Band Band Band Band
Band
Downlink Uplink Uplink Downlink Downlink
Mobile station/Control Base station transmit Ereauency block
- - q y
station transmit (MHz) (MH2)
806-813 851-858 Narrowband PPDR
813-814 858-859 Guard band
814-824 859-869 Broadband PPDR

1.3.2  Example channelisation for narrowband

The channeling plan for the sub-band 806-813/ 851-858 MHz is based on the channel spacing of
25 kHz.

The centre frequency (fy) of the Nth channel is given by:

Mobile station transmit Base station transmit Channel
Channel number Channel centre frequency Chaanrequencv(MHz) bandwidth
(MH2) (kHz)
N =1to 280 fny.=806.0125 + (0.025) x (N — 1) fn.=851.0125 + (0.025) x (N-1) 25
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Example channelisation for broadband

The channeling plan for broadband is based on a channel bandwidth of 5 MHz or 10 MHz as shown

below:

The centre frequency (fy) of the Nth channel for two 5 MHz channels is given by:
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Subject:  Resolution ITU-R 59 30 October 2014
English only

Working Party 5A
(WG 5A-4)

[PRELIMINARY] DRAFT REVISION OF RECOMMENDATION ITU-R M.1824

System characteristics of television outside broadcast, electronic news gathering
and electronic field production in the mobile service for use in sharing studies

(Questions ITU-R 1/58 and ITU-R 7/58)

Summary of the revision
- Editorial updates in the light of the results of RA-12 and WRC-12.
- Added information on operational and technical characteristics that should be used for

sharing studies between mobile broadband networks used for ENG applications in the
mobile service and other services.

Scope

This Recommendation, dealing with system characteristics of television outside broadcast (TVOB),
electronic news gathering (ENG) and electronic field production (EFP) in the mobile service to assist sharing

studies, contains the typical operational and technical characteristics of broadcast auxiliary services (BAS):
which are required for sharing studies both between the BAS in the mobile service and other
radiocommunication services and between mobile broadband networks used for ENG applications in the
mobile service and other radiocommunication services.

Keywords
ENG, BAS, SAB, Mobile broadband.

1 The term “BAS”, also known as services ancillary to broadcasting (SAB), is defined in
Report ITU-R BT.2069.

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the
group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the
development of any further contribution on the subject.
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The ITU Radiocommunication Assembly,

considering

a) that some administrations operate extensive terrestrial broadcast auxiliary services
(BAS) under mobile service allocations;

b) that some administrations are migrating from analogue to digital terrestrial BAS under
mobile allocations;

c) that many administrations are likely to operate BAS including both terrestrial analogue
and digital electronic news gathering (ENG) and television outside broadcast (TVOB) equipment in
the mobile allocations for a reasonable amount of time;

d) that the frequency bands used for these BAS including TVOB, ENG and electronic field
production (EFP) are, in many cases, shared by the mobile service and other services;

e) that the technical and operational characteristics of terrestrial BAS deployed under the
mobile service are different from those systems deployed under the fixed service;

f) that several types of antennas are used by the BAS operated in various vehicles, and
those antennas are controlled in elevation and azimuth during their operation to establish reliable
links to the studio;

9) that it is desirable to identify the system parameters and operational characteristics to

facilitate sharing with other services;;

h) that ENG applications require low latency and high Quality of Service (QoS)

transmission of high-definition video and audio streams for live programs;

i) that ENG applications require reliable connectivity even in the event of a disaster,
recognizing neting

a) that Recommendation ITU-R F.1777 provides deating-with-system characteristics of

television outside broadcast (TVOB), electronic news gathering (ENG) and electronic field
production (EFP) in the fixed service for use in sharing studies;

b) that Report ITU-R BT.2069 addresses ~Sspectrum usage and operational characteristics
of terrestrial electronic news gathering (ENG), television outside broadcast (TVOB) and electronic
field production (EFP) systems;

c) that Resolution ITU-R 59 (2012) resolves to carry out studies on availability of
frequency bands and/or tuning ranges for worldwide and/or regional harmonization and conditions
for their use bv terrestrial electronic news qathermq svstems”that—the—\Ale#d—Radmeem#m&mea&en

noting
a) that mobile broadband networks can be used for ENG applications when it is

advantageous to do so;

b) that Report ITU-R BT.2299 “Broadcasting for public warning, disaster mitigation and
relief” provides a compilation of supporting evidence that terrestrial broadcasting plays a critically
important role in disseminating information to the public in times of emergencies,
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recommends

1 that the operational and technical characteristicsparameters described in the-Annex 1
should be used for sharing studies between BAS deployed in the mobile service in certain bands and
other services:;

2 that the operational and technical characteristics provided in Annex 2 should be used for
sharing studies between mobile broadband networks used for ENG applications in the mobile
service and other services.

C:\USERS\NATTAWUT . A\DOWNLOADS\R12-WP5A-141027-TD-0255!R1!MSW-E-1_tenmsuuy . DOCX 12.05.15 00.00.00



-4 -
5AITEMP/255(Rev.1)-E

ANNEX 1

Operational and technical characteristics of BAS systems deployed
in the mobile service

1 Operational characteristics of BAS systems in the mobile service

Broadcasters use several frequency bands and several types of antennas depending on the situation
where terrestrial crews send and receive live images. Figures 1 and 2 are examples of link
situations. These systems are used for reporting the events of national disasters, contents production
outside studio, etc. noting that the timing and location of national disaster events cannot be
predicted.

Moreover, since broadcasters need to send the live video of national disasters and the contents
which are needed in programme production; the geographical relation between the ENG equipments
and collecting station or relay station installed on the helicopter or vehicular cannot be predicted. As
a consequence, the antennas of ENG equipment need to point to any azimuth and elevation angle.

Figure 1 shows the example operation for transmitting live video to the collecting station, in order
to broadcast the events which occur at the suburban area. In this case, the terrestrial video engineer
who controls the microwave equipment points the antenna to the relay station installed on helicopter
to avoid terrestrial obstacles. The relay station on the helicopter relays the live video to the
collecting station which sends it to the broadcasting studio. The return link is also necessary to
allow the terrestrial video engineers to collect information from the broadcasting studio.

Figure 2 shows the example of operation for transmitting live video to the collecting station, in
order to broadcast the events which occur at the urban area. In this case, there are several ways to
make a microwave link to the collecting station. The camera crew riding on the motorcycle takes
the live video, and transmits it to the relay station installed on the vehicle which is also running in
front of the motorcycle. In some cases, the relay station installed on the helicopter picks up the
video which is transmitted by the camera crew riding on the motorcycle. A low gain antenna is
usually used in these cases. The relay station installed on the vehicle also transmits live video to the
helicopter which relays it to the collecting station, or directly transmits it to the collecting station by
using a high gain antenna.

Broadcasters choose the antenna and frequency band depending on circumstances where the
microwave links are to be established.
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FIGURE 1

Example of operation for transmitting video to the collecting stations via helicopter

Relay station

Collecting station

1824-01
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FIGURE 2

Example of operation for transmitting live video to the collecting stations via vehicles

Relay stati(\

€

Colleeting station

Relay station

1824-02

2 Technical characteristics of BAS systems deployed in the mobile
service?2

Table 1 summarizes the technical parameters of BAS video link systems.
Table 2 summarizes the technical parameters of BAS talkback and walkie-talkie3 systems.
Table 3 summarizes the technical parameters of BAS audio link systems4.

2 The radio microphone systems, which are currently operated in the bands 40.68 MHz to
47.27 MHz and 779.125 MHz to 805.875 MHz on a licensed basis in Japan, are not included in this
Recommendation.

3 These systems are used as the BAS audio link application in absence of alternative measures to
establish the audio link.

4 The terminologies of video link, talkback and audio link systems are defined in the Report ITU-R
BT.2069.
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TABLE 1

Parameters of BAS video link systems operated in the mobile service

Frequency allocation® 770-806 MHz 1.240-1 300 MHz 5 850-5 925 MHz 10.25-10.45 GHz 41,55-41.95 GHz Note
(r2, R3,5.293) (5.330) (R1, R2, R3) (R1, R3, 5.480) (r1, r2, r3,5.551F)
790-862 MHz 2330-2 370 MHz 6 425-6 570 MHz 10.55-10.68 GHz
(5.314, 5.316) (R1,R2, R3) (R1, R2, R3) (R1, R2, R3)
6 870-7 125 MHz 12.95-13.25 GHz
(R1, R2, R3) (R1, R2, R3)

Antenna type and gain

Helix (10-13 dBi)

Helix (10-13 dBi

Parabolic (22-35 dBi)
Helix (10-13 dBi)

Parabolic (38-41 dBi)

H, V or circular polarization

YAGI (12-19 dBi)

YAGI (12-19 dBi)

Horn (5-20 dBi)

N/A

Circular polarization

Co-linear (5-6 dBi)
Non-directional

Co-linear (5-6 dBi)
Non-directional

Horn (15-20 dBi)
Non-directional (2 dBi)

Horn (19 dBi)

H and V polarization

(2 dBi) (2dBi)
Tracking method Automatic or Manual
QPSK-OFDM BPSK-OFDM QPSK-OFDM N/A 16-QAM-OFDM is normally
16-QAM-OFDM QPSK-OFDM 16-QAM-OFDM adopted

Modulation 32-QAM-OFDM 8PSK-OFDM 32-QAM-OFDM

16-QAM-OFDM 64-QAM-OFDM

FM 32-QAM-OFDM FM

64-QAM-OFDM
Maximum capacity (Mbit/s) 16 30 60 30 60 30 60 N/A N/A
Channel spacing (MHz) 9 9 18 9 18 9 18 N/A N/A For the digital system

9 N/A N/A N/A 18 N/A 18 33 100 For the FM system
Feeder/multiplexer loss 1 1 1 1 1 1 1 1 For both transmitter and receiver
(typical) (dB)
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Frequency 770-806 MHz 1 240-1 300 MHz 5 850-5 925 MHz 10.25-10.45 GHz 41.55-41.95 GHz Note
allocation® (r2, R3,5.293) (5.330) (R1, R2, R3) (R1, R3, 5.480) (r1, r2, r3, 5.551F)
790-862 MHz 2 330-2 370 MHz 6 425-6 570 MHz 10.55-10.68 GHz
(5.314, 5.316) (R1, R2, R3) (R1, R2, R3) (R1, R2, R3)
6 870-7 125 MHz 12.95-13.25 GHz
(R1, R2, R3) (R1, R2, R3)
Maximum 7 11x** 14*** 4 7 4* 7 0 0 * -6 dBW in 10.60-10.68 GHz
antenna input 13*Hwx 1GFHHx by the transmitter power.
power (dBW) ** _3 dBW in 10.60-10.68 GHz
by the transmitter power.
*** 1 240-1 300 MHz
Fxxk 2 330-2 370 MHz
e.i.r.p. 25 29%** 32*** 38 41 38* 41%* 40 40 * 29 dBW in 10.60-10.68 GHz.
(maximum) R Rt Y ** 32 dBW in 10.60-10.68 GHz.
(dBW) *** 1240-1 300 MHz
*xx* 2 330-2 370 MHz
Receiver IF 9 9 18 9 18 9 18 27 80
bandwidth
(MHz)
Receiver noise 4 4 4 4 4 4 4 6 6
figure (dB)
Receiver thermal -130.5 -130.5 -127.4 -130.5 -127.4 -130.5 -127.4 -123.7 -119.0
noise (dBW)
Normal Rx input -88 SISO MIMO SISO MIMO -88 -85 -88 -85 -82 =77 *  64-QAM(3/4)
level (dBW) o3~ 03 | 977 | _100%* **_16-QAM-MIMO
*** 16-QAM(2/3
Rx input level - -122.8* | -123.0* | -119.7* | -119.9* - - - - N/A N/A | BPSK-OFDM
for 1 x 10° BER -120 -119.6* | -1215* | -116.5* | -118.4* -120 -116.9 -120 -116.9 QPSK-OFDM
(dBW) - “115.0% | -1155*% | -111.9% | -112.4* - - - - 8PSK-OFDM
_113 B il i il " -113 -109.9 -113 -109.9 16-QAM-OFDM
~110.7 7113'0* 11}'5 7109'9* 10?'4 -110.7 | -107.6 | -110.7 | -107.6 32-QAM-OFDM
- -1100% - ~106.9% - -1082 | -1051 | -1082 | -105.1 64-QAM-OFDM
-107.2* - -104.1* - *Rx input level for 1 x 10~ BER
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TABLE 1 (end)

Frequency 770-806 MHz 1 240-1 300 MHz 5 850-5 925 MHz 10.25-10.45 GHz 41.55-41.95 GHz Note
allocation® (r2, R3,5.293) (5.330) (R1, R2, R3) (R1, R3, 5.480) (r1, r2, r3, 5.551F)
790-862 MHz 2330-2 370 MHz 6 425-6 570 MHz 10.55-10.68 GHz
(5.314, 5.316) (R1,R2, R3) (R1, R2, R3) (R1, R2, R3)
6 870-7 125 MHz 12.95-13.25 GHz
(R1, R2, R3) (R1, R2, R3)
Rx input level -103.5 N/A N/A N/A -100.4 N/A -100.4 -96.7 -92.0 | For FM system
for CNR =27
(dB)
Nominal long -1405 -1405 -137.4 -1405 | -137.4 | -1405 -137.4 | -1337 | -129.0
term interference
(dBW)
Spectral density -150.0 -150.0 -150.0 -150.0 -150.0 -150.0 -150.0 -148 -148
(dB(W/MHz))

@ Each table contains the letters “R1”, “R2” and “R3”, “r1”, “r2”, “r3”, and the reference to footnote 5.xxx. The letters “R1”, “R2” and “R3” stand for the ITU-R Region
which has a primary mobile allocation to the specified frequency band, the letters “r1”, “r2” and “r3” stand for the ITU-R Region which has a secondary mobile allocation to
the specified frequency band, and the reference to footnote 5.xxx refers to the country footnote in the table of frequency allocations.
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TABLE 2

Parameters of BAS talkback/walkie-talkie* systems operated in the mobile service

Frequency allocation® 26.574 MHz 143-144 MHz 166.5-166.9 MHz 459.5125-460 MHz
(R1, R2, R3) (5.211, 5.212, R2, R3) (R1, R2, R3) (R1, R2, R3)
146-148 MHz 168.5-168.9 MHz 469.5-470 MHz
(R1,5.217, R3) (R1, R2, R3) (R1, R2, R3)
148-149.9 MHz
(R1, R2, R3)
149.9-150.05 MHz
(5.223)
150-156.7625 MHz
(R1, R2, R3)
156.8375-174 MHz
(R1, R2, R3)
Antenna type and gain Co-linear, 8 dBi for base station (BS), non-directional, 2 dBi for mobile station (MS)
Modulation SSB FM RZ-SSB FM
Channel spacing (kHz) 20 6.25 25
Feeder/multiplexer loss Tx: 1.5 (BS), 0 (MS) Tx: 1 (BS), 0 (MS) Tx: 4 (BS), 0 (MS) Tx: 1 (BS), 0 (MS)
(typical) (dB) Rx: 1.5 (BS), 1 (MS) Rx: 1 Rx: 1 Rx: 1
Maximum antenna input power (dBW) 17 (BS), 14 (MS) 17 17 13
e.i.r.p. (maximum) (dBW) 17.5 (BS), 16 (MS) 24 (BS), 19 (MS) 21(BS), 19 (MS) 20 (BS), 15 (MS)
Receiver IF bandwidth (kHz) 3 12/ 16 3.4/5.8 12/16
Receiver noise figure (dB) 4 4 4 4
Receiver thermal noise (dBW) -165.0 -159.0/-157.7 -164.5/-162.2 -159.0/-157.7
Minimum Rx input level (dBW) -147 -147.1/-145.9 -146.5/-144.2 -147.1/-145.9
Nominal long term interference (dBW) -175.0 -169.0/-167.8 -174.5/-172.2 -169.0/-167.8
Spectral density (dB(W/kHz)) -179.8 -179.8 -179.8 -179.8

Audio frequency range

300 Hz-3 000 Hz

300 Hz-3 400 Hz

300 Hz-3 400 Hz

300 Hz-3 400 Hz

* These systems are used as the BAS audio link application in absence of alternative measures to establish the audio link.

Each table contains the letters “R1”, “R2” and “R3”, “r1”, “r2”, “r3”, and the reference to footnote 5.xxx. The letters “R1”, “R2” and “R3” stand for the ITU-R Region which

has a primary mobile allocation to the specified frequency band, the letters “r1”, “r2” and “r3” stand for the ITU-R Region which has a secondary mobile allocation to the
specified frequency band, and the reference to footnote 5.xxx refers to the country footnote in the table of frequency allocations.
NOTE 1 - Antenna height and altitude above sea level of base stations will be required for sharing studies. For example, the antenna height more than 20 m and the altitude
above sea level more than 1 000 m are used in some cases.
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TABLE 3

Parameters of BAS audio link systems operated in the mobile service

Frequency allocation® 38.96 MHz 164-167 MHz 462-465 MHz 3 405-3 423 MHz
(R1, R2, R3) (R1, R2, R3) (R1, R2, R3) (r1, r2, r3, 5.432)
Antenna type and gain Non-directional (2 dBi) Yagi (13 dBi) Yagi (13 dBi) Parabolic (22-26 dBi)
Non-directional (2 dBi) Non-directional (2 dBi)
Modulation FM FM
AM

Channel spacing (kHz) 240 240 1000
Feeder/multiplexer loss T*: 0 Tx:0 Tx: 0 Tx: 1
(typical) (dB) Rx: 1 Rx: 1 Rx: 1 Rx: 1
Maximum antenna input power (dBW) 17 17 13 0
e.i.r.p. (maximum) (dBW) 19 30 26 25
Receiver IF bandwidth (kHz) 16/30 100 100 400
Receiver noise figure (dB) 4 4 4 4
Receiver thermal noise (dBW) -157.8/-155.1 -149.8 -149.8 -139.8
Minimum Rx input level (dBW) -125.7/-123 -123 -123 -95
Nominal long term interference (dBW) -167.8/-165.1 -159.8 -159.8 -149.8
Spectral density (dB(W/kHz)) -179.9 -179.9 -179.9 -179.9
Audio frequency range 7 kHz 10 kHz 10 kHz 17 kHz

@ Each table contains the letters “R1”, “R2” and “R3", “r1”, “r2”, “r3”, and the reference to footnote 5.xxx. The letters “R1”, “R2” and “R3” stand for the ITU-R Region which
has a primary mobile allocation to the specified frequency band, the letters “r1”, “r2” and “r3” stand for the ITU-R Region which has a secondary mobile allocation to the
specified frequency band, and the reference to footnote 5.xxx refers to the country footnote in the table of frequency allocations.

NOTE 1 - Antenna height and altitude above sea level of collecting radio stations will be required for sharing studies. For example, the antenna height more than 20 m and the
altitude above sea level more than 1 000 m are used in some case.
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ANNEX 2

Operational and technical characteristics of mobile
broadband networks for ENG applications

1 Operational characteristics of mobile broadband networks used for
ENG applications in the mobile service

Until recently, ENG applications used specialized systems. However, with recent advances in
technology, commercial systems have evolved and now are able to fulfill the requirements of ENG
in some cases. Therefore, they can be used when it is advantageous to do so. It has already been
demonstrated in a number of instances.s

In addition to meeting the demands of media consumers, mobile broadband networks can also
support wireless feeds for news gathering applications for program development in the domain of
Electronic News Gathering/Outside Broadcasting services (ENG/OB). This mobile broadband
application provides real time feeds for broadcasting; the users could be professionals (e.q., camera
people on a motorcycle following an event and transmitting the feed using LTE) or the general
public (e.q., people with mobile broadband devices sending videos to newspapers and broadcasters).
Suitably configured LTE networks enable the transmission of high-definition (HD) video streams
from live cameras with the low latency and high guality required for studio feeds.

Compared to using alternative dedicated/transportable links for ENG/OB, such ENG/OB feeds over
LTE networks can be more readily setup with less overhead. The LTE quality of service framework
can ensure priority for the ENG/OB services above other types of traffic in the LTE network,
thereby providing carrier-grade performance.

It should be noted that commercial communication networks would need to meet the quality of
service requirements of ENG, including guaranteed throughput and latency in case of traffic

congestion.
The applicable Recommendation for mobile broadband standards is Recommendation ITU-R

M.1801, “Radio interface standards for broadband wireless access systems, including mobile and
nomadic applications, in the mobile service operating below 6 GHz”.

5 This has been demonstrated in several events, including:

- _the Swedish Crown Princess Royal Wedding in 2010, where Swedish TV companies
broadcasted live from the celebrations in Stockholm, as well as the video feeds being
available live from the official website of the wedding;

- _YouTube streamed the entire wedding event of Prince William and the Duchess of
Cambridge live from The Royal Channel, which was built specifically for this event. BBC
provided full streaming of the event on its own BBC News' dedicated wedding site. It was
possible to watch the entire event live on a smartphone or other Internet devices, such as
tablets.
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2 Technical characteristics of mobile broadband networks used for ENG
applications in the mobile service

The technical characteristics to be used in sharing studies are found in Report ITU-R M.2116
“Characteristics of broadband wireless access systems operating in the land mobile service for use

in sharing studies.”

This Report provides characteristics for a number of terrestrial broadband wireless access (BWA)8
systems, including mobile and nomadic applications, operating, in the mobile service for use in
sharing studies between these terrestrial BWA systems and other fixed or mobile systems. It
contains technical and operational characteristics of mobile BWA? systems to be used for sharing
studies for both mobile stations and base stations.

6 “Wireless access” and “BWA” are defined in Recommendation ITU-R F.1399, /{ Formatted: Englsh (United States)

7 BWA radio interface standards can be found in Recommendation ITU-R M.1801 — Radio
interface standards for broadband wireless access systems, including mobile and nomadic
operations, in the mobile service operating below 6 GHz.

Formatted: Font: 14 pt, Complex
Script Font: 11 pt, English (United
States)
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1 Scope

This Report addresses cognitive radio systems (CRSs) in the land mobile service (LMS) above

30 MHz (excluding IMT). This Report presents the existing, emerging and potential applications
employing CRS capabilities and the related enabling technologies, including the impacts of CRS
technology on the use of spectrum from a technical perspective. The description of such
technologies, operational elements and their challenges are also presented. Furthermore this Report
provides high level characteristics, operational and technical requirements related to CRS
technology, their performances and potential benefits. Finally, factors related to the introduction of
CRS technologies and corresponding migration issues are discussed.

2 Introduction

Cognitive radio systems (CRSs) are expected to be a driver of innovation and development of future
wireless systems. CRSs would be one of the foreseen technical solutions to address the growing
traffic demand in the future. CRSs could allow more efficient use of radio resources including
limited spectrum resources, compared with conventional radiocommunication systems.

Report ITU-R M.2225 gives an introduction to CRSs in the land mobile service addressing
technical features and capabilities, potential benefits and challenges. A description of deployment
scenarios for CRSs was also introduced. The key technical features and capabilities of a CRS as
identified in Report ITU-R M.2225 and Report ITU-R SM.2152 are:

- the capability to obtain knowledge of its radio operational and geographical
environment, its internal state and established policies, as well as to monitor usage
patterns and users’ preferences;

- the capability to dynamically and autonomously adjust its operational parameters and
protocols according to the knowledge in order to achieve predefined objectives; and

- the capability to learn from the results of its actions to further improve its performance.

Due to rapidly increasing wireless traffic and the need for a larger amount of spectrum, studies in
LMS have identified important aspects related to the use of CRS technologies. CRS technologies
could be an enabler for spectrum sharing and radio resource management on a more dynamic basis,
thus providing increased spectral efficiency and mitigating the problem of congestion,

e.g., through enhancing capacity.

As described in Report ITU-R M.2225, CRSs may provide several benefits to both system operators
and end users, however, the extent of the benefits and suitability of CRS technologies depends on
the deployment scenarios and use cases for these systems as well as the technical conditions of CRS
operation.

In principle, the introduction and deployment of CRS can take place without the need for any
changes to the Radio Regulations. In addition to that, as stated in Report ITU-R M.2225, it should
be noted that any system of a radiocommunication service that uses CRS technology in a given
frequency band will operate in accordance with the provisions of the Radio Regulations governing
the use of that band. A CRS is not a radiocommunication service, but a set of technologies that in
the future may be implemented in a wide range of applications in the LMS. However the
deployment of CRSs in the LMS may require identification of unique and detailed characteristics
such as security mechanisms to ensure appropriate operation which can be achieved by future
studies and further technical analysis.
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This Report focuses on the applications of CRSs in the land mobile service. It provides a detailed
description of CRS capabilities and enabling technologies as well as the relationship between them.
It describes also the key technical features related to these technologies as enablers for enhanced
sharing and coexistence as well as more efficient use of resources. It also discusses the impact of
CRSs on the use of spectrum from a technical perspective. The report describes the high level
characteristics, operational and technical requirements of a CRS. As well general performance
criteria and metrics are presented in this report to help the performance evaluation of LMS radio
system employing CRS technology. In this report the initial set of potential benefits introduced in
Report ITU-R M.2225, are further expanded. Furthermore, factors related to the introduction of
CRS technologies are discussed in addition to related migration issues.

3 Related documents

3.1 ITU-R Recommendations

ITU-R F.1110 Adaptive radio systems for frequencies below about 30 MHz.

ITU-R F.1337 Frequency management of adaptive HF radio systems and networks using
FMCW oblique-incidence sounding.

ITU-R F.1611 Prediction methods for adaptive HF system planning and operation.

ITU-RE.1778 Channel access requirements for HF adaptive systems in the fixed service.

ITU-R M.1652  Dynamic frequency selection (DFS) in wireless access systems including radio

local area networks for the purpose of protecting the radiodetermination service
in the 5 GHz band.

ITU-R M.1739 Protection criteria for wireless access systems, including radio local area
networks, operating in the mobile service in accordance with
Resolution 229 (WRC-03) in the bands 5 150-5 250 MHz, 5 250-5 350 MHz
and 5 470-5 725 MHz.

ITU-R SM.1266 Adaptive MF/HF systems.

3.2 ITU-R Reports

ITU-R M.2034 Impact of radar detection requirements of dynamic frequency selection on
5 GHz wireless access system receivers.

ITU-R M.2117 Software-defined radio in the land mobile, amateur and amateur satellite
services.

ITU-R M.2225 Introduction to cognitive radio systems in the land mobile service.
ITU-R M.2242  Cognitive radio systems specific for IMT systems.
ITU-R SM.2152  Definitions of software-defined radio (SDR) and cognitive radio system (CRS).
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4 Definitions and terminology
The following definition and terms are used in the Report.

4.1 Definitions

Cognitive radio system (CRS): A radio system employing technology that allows the system to
obtain knowledge of its operational and geographical environment, established policies and its
internal state; to dynamically and autonomously adjust its operational parameters and protocols
according to its obtained knowledge in order to achieve predefined objectives; and to learn from the
results obtained. (See Report ITU-R SM.2152.)

Software-defined radio (SDR)

A radio transmitter and/or receiver employing a technology that allows the RF operating parameters
including, but not limited to, frequency range, modulation type, or output power to be set or altered

by software, excluding changes to operating parameters which occur during the normal pre-installed
and predetermined operation of a radio according to a system specification or standard. (See Report
ITU-R SM.2152.)

Further information on SDR can also be found in Report ITU-R M.2117. The conceptual
relationship between SDR and CRS is described in Annex A.

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0270!R1IMSW-E_tenensuuy &. DOCX 15.05.15

15.05.15


http://www.itu.int/pub/R-REP-SM.2152

-9-
SA/TEMP/270 (Rev.1)-E
4.2 Terminology

For the purpose of this report, the following terms have the meanings given below.
However, these terms do not necessarily apply for other purposes.

Coexistence

Coexistence refers to the situation where two or more radio systems operate in adjacent frequency
bands.

Node

Node refers to a generic network element (e.g. a base station, an access points, radio terminals,
core network element) that is involved in the related network operations. (See Report ITU-
R M.2225.)

Policy
a) A set of rules governing the behavior of a system,
b) A machine interpretable instantiation of policy as defined in (a).

NOTE 1 - Policies may originate from regulators, manufacturers, network and system operators.
A policy may define, for example, waveforms, radio resource control, and power levels.

System users may also be able to define preferences as long as they are consistent with the operator
and regulatory policies.

NOTE 2 - Policies are normally applied post manufacturing of the radio as a configuration to
a specific service application.

NOTE 3 - b) recognizes that in some contexts the term “policy” is assumed to refer to
machine-understandable policies. (See Report ITU-R M.2225.)

Spectrum Sharing

Spectrum sharing refers to the situation where two or more radio systems use the same frequency
band.

TV White space

A portion of spectrum in a band allocated to the broadcasting service and used for television
broadcasting that is identified by an administration as available for wireless communication at

a given time in a given geographical area on a non-interfering and non-protected basis with regard
to other services with a higher priority on a national basis. (See Report ITU-R M.2225.)

5 Applications

The CRS capabilities encompass a number of techniques that can be applied to different wireless
systems. A CRS can offer several benefits to system operators and end users, such as improved
efficiency of spectrum use, additional flexibility, self-correction and potential for new mobile
communication applications as discussed in Report ITU-R M.2225.

Actually, there are already existing applications (i.e. radio local area networks (RLANS) using
Dynamic Frequency Selection (DFS)) or planned applications (i.e. radio systems using TV White
Space) that employ some of the CRS capabilities in order to obtain knowledge of their radio
environment. Based on the obtained knowledge they are able to select parameters such as their
frequencies and/or adjust their transmit power to enhance coexistence and sharing with the aim of
avoiding harmful interference being caused.
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CRSs may share spectrum with other radio systems that are not necessarily CRSs, as well as with
other CRSs. In this context, pertaining only to sharing involving CRSs, sharing as referenced in
section 4.2 can be described as follows:

- vertical spectrum sharing: The case where one or more radio systems with CRS
capabilities share the band of another radio system that does not necessarily have CRS
capabilities. The radio systems with CRS capabilities are only allowed to utilise
frequencies within the band as long as the other radio system is not affected by harmful
interference from the CRSs;

- horizontal spectrum sharing: The case where multiple radio systems with CRS
capabilities are accessing the same shared spectrum band.

A graphical illustration of vertical and horizontal spectrum sharing is given in Figure 1. In this
illustration, vertical sharing refers to situation where CRS(s) with lower level of spectrum usage
rights share spectrum band with radio systems having higher spectrum usage rights. One example of
this kind of sharing is the use of TV white spaces as discussed in section 5.1.2. It should be noted
that radio systems with higher spectrum usage rights may also possess CRS capabilities. As well,
the figure illustrates the horizontal sharing that could also take place between radio systems
with/without CRS capabilities at the same level of spectrum usage rights.

FIGURE 1

Vertical and horizontal spectrum sharing involving CRSs

One or more radio systems with higher spectrum usage rights
Radio
Radio system #2
system #1
Radio .
- Vertical

Radio systems spectrum
sharing

One or more radio systems with lower level of spectrum usage rights

crss Horizontal spectrum sharing

Vertical and horizontal spectrum sharing are not mutually exclusive and both of them are present in
the examples of applications employing CRS capabilities that will be given in this section.
Vertical and horizontal spectrum sharing can also exist separately.
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Coexistence essentially refers to the interference issues that a CRS operating in a certain band may
imply on another radio system (that is not necessarily a CRS) that operates in the adjacent bands.

The technical description of sharing and coexistence may find specific applications according to the
deployment scenarios described in Report ITU-R M.2225. Each application may have different
implications on sharing and coexistence aspects.

In this section, existing and emerging applications as well as potential applications for the future are
reviewed.

51 Existing and emerging applications employing CRS capabilities

There are already examples of existing or emerging applications employing CRS capabilities,

such as obtaining knowledge with spectrum sensing and geo-location with access to database. These
example applications can also make decisions and adjust their operational parameters based on the
obtained knowledge.

Both examples that are introduced in this section represent opportunistic access of spectrum as
defined in ITU-R Report M.2225: an existing example is the RLAN using 5 GHz band and the
emerging application is the TV White Space usage.

51.1 5 GHz RLAN:Ss utilizing dynamic frequency selection (DFS)

RLANS can operate in the 5 250-5 350 MHz and 5 470-5 725 MHz bands on a co-primary basis
with radiolocation systems and radars. RLANSs operate within the mobile service allocation and
radars in the radiolocation service allocation, both having a co-primary status. In this band,

Radio Regulations have been adopted by the ITU (cf. Resolution 229 (WRC-03)) to facilitate
sharing between the two systems with the aid of a DFS protocol (cf. Recommendation ITU-R
M.1652). This protocol specifies the sensing/detection and operational techniques to be used by the
RLANS to avoid interference to the radar systems. Recommendation ITU-R M.1739 provides the
protection criteria. Prior to operation, RLANS are required to use DFS to ensure that radiolocation
systems are not operating in the same channel they intend to use. The mobile systems must also
vacate channels when new radiolocation systems come into operation.

51.2 Use of TV white space

Due to various reasons some channels have had to be left unused by TV applications to provide
guard bands between the active broadcast channels. The guard bands have been needed to
accommodate TV receiver characteristics for strong or weak signals and adjacent channel
performance. Some channels have also been left unused as there has been limited TV service
deployment in some geographic areas.

Recently, some administrations have allowed or are considering to allow license-exempt devices to
operate on a non-interfering basis within these TV white spaces. To facilitate spectrum sharing and
to protect incumbent services from interference, a variety of technical approaches for the operation
in these bands have been considered. These approaches include:

- geo-location capability with access to a database;
- sensing capability.

With respect to the capabilities of a CRS to obtain knowledge of its environment, in the case of TV
white spaces the key capability is geo-location coupled with access to a database which in this
application is referred to as the TV white space database approach. One administration adopted
rules in April 2012 in [1] to allow license-exempt devices employing the TV white space database
approach to access available channels in the UHF television bands. That administration has selected
several private-sector database managers and announced in the first half of 2012 the public
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availability of several databases, which were coordinated with local stakeholders. TV white space
database functionality for TV white space usage is now available nationwide. The TV white space
databases identify channels available for transmission of radio signals from license-exempt devices,
register radio transmitting facilities entitled to protection, and provide protection to authorized
services and registered facilities as required by that administration, see [2]. Additionally, in late
2012, that administration launched a nationwide registration system for unlicensed wireless
microphones. That registration system enables qualifying entities across the nation to register with
the TV white space database managers so that the wireless microphones will be protected at
specified times from other license-exempt devices operating on unused broadcast TV channels.

Other administrations are also considering defining requirements for the operation of the devices
using TV White Spaces. One such administration has developed an approach for license-exempt TV
white space access, again, based on the database approach (see [3], as well as links referred to
therein), and at the time of writing is undertaking a pilot test of license-exempt devices under these
rules [4]. Moreover, this approach has been adopted by ETSI into a European Harmonised Standard
(HS), aiming to converge to common approach for TV white space access on a European level [5].
Further details related to this HS can be found in Annex B.

One key difference between this approach and another approach developed in [1] by another non-
European administration is that there is a more flexible approach to the transmit power limit of
license-exempt devices based on the actual interference caused at the edge to the primary coverage
area. This is a different approach to using a fixed transmit power limit irrespective of distance/loss
to the edge of primary coverage.

5.2 Potential applications

The following subsections address the potential applications of CRSs. Each of them uses either one
or combinations of the deployment scenarios identified in Report ITU-R M.2225.

521 Cognitive networks exploiting reconfigurable nodes

Cognitive networks are networks in which CRS capabilities are implemented at the infrastructure
level. This includes, for example, network elements such as O&M (Operation & Maintenance)
and base stations. In particular, a cognitive network is a network that could dynamically adapt its
parameters, functions and resources on the basis of the knowledge of its environment.

The potential application of cognitive networks described in this section refers to the scenario
outlined in section 5.2 of Report ITU-R M.2225.

In the context of this section, cognitive networks are intended to be deployed using reconfigurable
nodes. In principle, the application of such cognitive networks includes the following functionalities
and entities (see Figure 2):

- cognitive network management;
- reconfigurable base stations;
- reconfigurable terminals.

The cognitive network management functionality spans different radio access technologies (RATS),
managing and controlling the nodes inside the network, with the goal of self-adapting towards

an optimal mix of supported RATSs and frequency bands. This functionality could act on the basis of
some input parameters, for example the available resources, the traffic demand, the capabilities of
the mobiles within the network (supported RATS, frequency bands, etc.), the requested bearer
services (bandwidth, quality of service (QoS), etc.), etc. In addition, this functionality could exploit
a collaborative cognitive radio resource management scheme, where the decision making functions
are shared among different network nodes.
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In this approach, the reconfigurable base stations (RBSs) are the nodes establishing the cognitive
network. The hardware resources of a reconfigurable base station could be dynamically
reconfigured in order to be used with different RATS, frequencies, channels, etc., and they could
support multi-RAT operation with dynamic load-management.

The reconfigurable terminals are the nodes connecting to the base station in the cognitive network.
The software and hardware of a terminal could be reconfigured dynamically. Thus it could support
operating on different RATS, frequencies, resource utilization modes, etc. Therefore,

the reconfigurable terminals could facilitate the flexible and efficient adaptation of the cognitive
network to the dynamic environment. For example, they could support multi-RAT operation, such
as joint admission control and vertical handovers to balance the load of different RATs more
efficiently.

In addition, cognitive networks enable the introduction of the CRS concepts and technologies in
a multi-RAT environment.

The availability of reconfigurable base stations in conjunction with cognitive network management
functionalities could give the network operators the means for managing the radio and hardware
resource pool with better overall efficiency. This enables the adaption of the network to dynamic
variations of network traffic.

The main features of cognitive networks can be summarized as follows:

- the dynamic self-adaptation of the network configuration towards an optimal mix of
supported RATSs and frequency bands can be achieved by the exploitation of the
reconfigurable nodes and the application of cognitive network management
functionalities;

- the dynamic self-adaptation (e.g. network configuration) can be based on the traffic
patterns variations in time and space for the different deployed RATS;

- ability to provide sufficient information to the terminals for initiating a communication
session appropriately in a dynamic context (e.g. wireless control channels).

An example of cognitive network application could be the enhancement of spectrum efficiency

and high data rate provision based on GSM system frequency reuse. For cellular systems like GSM,
in order to ensure that the mutual interference among cells remains below a defined threshold,
adjacent cells use different frequencies. However in cells that are separated by a certain distance,
frequencies can be reused. On this basis, a cognitive network management could efficiently reuse
appropriate GSM frequencies to activate micro cells within the coverage area of a GSM macro cells
by using a low transmission power in order to avoid harmful interference to the GSM system.

Such micro cells can be deployed using a different radio access technology to provide high date rate
transmission [6].

Other examples of higher efficiency of spectrum usage enabled by cognitive networks are reported
in Annex C.
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FIGURE 2

Cognitive networks functionalities and entities
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522 Cognitive mesh networks

In addition to the centralized concept described in the section 5.2.1, decentralized CRS concept may
also be considered as illustrated in the left part of Figure 3 [7].

FIGURE 3

Centralized and decentralized CRS concepts

Regulatory
information system

—all

e e e L e e

i Cp’gnltlve Mesh Networks i i Composite Wireless Networks |
IE,,I | },_\ .' R,Nq’meA wtypeB :
Ny [ ' ' !
A S :
A L Vo :
Sy [ 1
’ 1 / ' 1
/ ! ! 1
I 1 1 1
[ \‘ : :
I 1 1 1
Lo ! !
Vo \ ________________ ]
N 1
~ 1 1 1
I 1 1 1
o - ‘ :
! 1 1
o ; Mult]—ra(ﬁb Iptzr Equipment |
b oo ooocoooooooooosogg 1
'~ Coguifive Confrol 1
\ Network ,/'
| , -
\ N . e

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0270!R1!MSW-E_tenaisuun &. DOCX 15.05.15 15.05.15



-15-
SA/TEMP/270 (Rev.1)-E

In Figure 3, Multi-radio User Equipment (MUE) represents a user device with reconfigurable radio
capabilities and ability to have connections to multiple radio networks at the same time. Such radio
networks can be identified as i) Composite Wireless Network (CWN) representing a set of radio
networks operated by a network operator using a common network management system that may
also have cognitive capability (see section 6.2.1), and ii) Cognitive Mesh Networks (CMNSs).

In general, mesh networks can be seen as a group of nodes which all communicate with each other
creating a mesh typically using short-range radios. Every node can send and receive messages, but
the nodes may also function as routers. CMNs introduce the possibility to use opportunistic
spectrum access in collaborative manner so that different CMNs active in the same geographical
area can coordinate their use of radio frequencies. Interworking between CMNs may be arranged in
a decentralized manner by using logically separate Cognitive Control Network (CCN) to exchange
information between CMNs. CCN may be implemented with the Cognitive Control Channel (CCC)
which is described in section 6.1.1.1.

It should be noted that a MUE could be simultaneously connected to both CMN and CWN,
however, the CMN domain is separated by the CWN domain, in terms of used radio frequencies
and RATS. Inside CMN domain, MUEs do not act as relay entities towards CWN for others MUEs,
while each of them may connect directly to CWN by the appropriate RAT [7].

523 Heterogeneous system operation using CRS capabilities

In a heterogeneous network environment, CRS capabilities provide users with the optimal wireless
access that best suits the users’ needs as well as operators’ objectives towards efficient use of radio
resource and spectrum. CRS capabilities can be utilized for handover across different RATs and

across different systems. In the following, the use of the CRS capabilities to enhance the handover
operations within an operator’s networks is considered first, followed by a multi-operator situation.

5231 Intra-system inter-RAT handover

Intra-system handover is considered within heterogeneous radio environment, where multiple RATSs
are deployed by a single operator on one or different frequency bands assigned to it, for example an
operator deploys two different radio interface technologies within a single Radio Access Network
(RAN) of a cellular system. In order to implement such intra-system handover functionality,

the capabilities of a CRS and its enabling technologies described in section 6 could be exploited by
the system.

When a terminal in connected mode moves close to the cell edge of a RAT, it needs to handover to
another cell. The candidate cell to handover may be the same type of RAT, or may also be different
types of RATSs. Therefore, the intra-system handover functionality may consist of RAT discovery,
RAT selection, and terminal reconfiguration. For example, a terminal discovers available RATs and
selects an optimal RAT among them by obtaining knowledge of its operational and geographical
environment, its internal state and the established policies provided by the network operator.

After an optimal RAT is selected, the terminal adjusts its parameters and protocols dynamically and
autonomously according to its obtained knowledge and the network policies by reconfiguration
procedure and executes the handover to the selected RAT. There may be cooperation between
terminals and wireless networks for the universal access functionality to find an optimal wireless
access.

A possible functional architecture for the intra-system handover based on IEEE P1900.4 [8] and
IEEE802.21 [9] is reported in Figure 4. Entities described IEEE P1900.4, for example Network
Resource Manager (NRM), Terminal Resource Manager (TRM) and Cognitive Base Station (CBS),
are applied for the optimization of radio resource management and an entity from IEEE802.21, i.e.
entity which has Media Independent Handover Function (MIHF), is used as a toolbox for handover
between heterogeneous radio access networks. A terminal may have various kinds of RATSs through
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software-defined radio (SDR) technology and it reconfigures its parameters in order to access

an optimal RAT determined by the universal access functionality. Context information of the core
network is transferred to terminals through cognitive pilot channels (CPC), which are used for RAT
discovery and selection procedures whenever terminals require context information of access
networks as described in more detail in section 6.1.1.2.

Another example of intra-system handover application is shown in Figure 5, where one operator
deploys multiple radios systems on different frequency bands. These systems have different
coverage areas from small to large cell. The resource manager collects the radio operational
environment information from the base stations and user terminals on the geo-location basis,
which is one of CRS capabilities (i.e. obtaining knowledge). The radio environment information
may include the information of signal strength, throughput, and transmission delay. The resource
manager provides the information to the control equipment. Based on this information, the control
equipment selects the appropriate connectivity for the user terminal, which is another CRS
capability (decision and adjustment).

FIGURE 4

Functional architecture for Inter-RAT handover
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FIGURE 5

Network configuration consisting of multiple RATs

Base Station @ ’ = - User
Resource Manager E=n | larae cell ; terminal
(collection of radio =E > ) —
circumstance information) | S —_— , ‘
—
oy

‘ medium ce j
. / L dium cell i

o

e - - \ small cell
. - N ) —— ‘ : - 7 %-O-‘-+0"
Application é )
Server Heterogeneous radio network
Control Equipment
5.2.3.2 Inter-system handover

Inter-system handover is considered within heterogeneous radio environment, where multiple
operators operate multiple RATSs on different frequency bands assigned to them, for example one
operator operates a radio interface technology in a single RAN, i.e. a cellular system while another
operator operates an RLAN technology as a public RLAN system. There are many ways to utilize
CRS capabilities for inter-system handover, e.g. implementing the capabilities to terminals,

base stations, and core networks.

5.2.3.2.1 Inter-system handover using cognitive radio terminals

An example of inter-system handover using cognitive radio terminals is shown in

Figure 6 [10] [11] [12]. Some terminals may also have reconfiguration capability. The terminals in
this application have capability to support several simultaneous connections with different radio
access networks. The solid lines show the data paths and the dotted lines show the signalling. In this
example reconfigurable terminal performs an inter-system handover.

The terminal utilizes multiple wireless networks concurrently so that communication bandwidth
for applications becomes large. Following terminal movement and/or change of radio environment,
suitable wireless link(s) are adaptively and actively utilized in order to keep stability.

Another example is shown in Figure 7 [13]. In this example reconfigurable terminal performs
inter-system handover. Decision making is being supported by selecting the appropriate parameters.
A common signalling channel between ubiquitous networking server and the terminal, drawn in
orange solid line in the figure, is used in order to obtain knowledge in addition to the sensing
performed by the terminal. On the other hand, Figure 8 [14] shows the same potential application
with different implementation of CRS features. The example implements a dedicated radio system
as the common signalling channel shown in an arrow, named Basic Access Network (BAN) in [14],
between BAN-BS and BAN-component. Terminals exchange information with management entity
on network, named Signaling Home Agent (SHA), for adjusting its parameter and selection of
RANS.
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FIGURE 6

Inter-system handover using cognitive radio terminals
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Inter-system handover using in-band signaling
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FIGURE 8

Dedicated radio system for signalling
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5.2.3.2.2 Inter-system handover using CRS supporting network entities

Compared to potential applications in the previous subsection, the applications in this subsection
can address terminals without cognitive capabilities. Instead of using CRS supporting terminals, the
CRS capabilities are provided by CRS supporting network entities, e.g. mobile wireless router
(MWR) which has CRS capability itself and resource manager which realizes CRS capabilities with
existing base stations.

An example of MWR application is shown in Figure 9 [15] [16] [17]. In this example MWR
reconfigures itself to provide the best suitable service application for its terminals. A mobile
wireless router serves as a bridge between multiple radio systems and terminals. Such MWR is
required to have a CRS capability to obtain knowledge which RANs (and mobile networks)

are available at its location, and also to adjust its operational parameters and/or switch the attaching
radio access systems. The thresholds are configured by the obtained users’ preferences and they are
used for RAN’s selection.

The MWR conducts Network Address Translation (NAT) routing between the Internet and local
wireless network to which terminals are connected. When the MWR is turned on, the best
frequency channel is selected, e.g. based on the lowest interference level. Then the MWR selects
and conducts the various RAN authentication procedures according to the selected RAN.

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0270!R1IMSW-E_tenensuuy &. DOCX 15.05.15

15.05.15



-20 -
SA/TEMP/270 (Rev.1)-E

FIGURE 9

Mobile wireless router

Internet Connections \[\ /\/ /l/

via RLANs and mobile networks
\Il —

Communication devices

Mobile Wireless Router
(CF type, USB type)

Connected

Mool W e
5 88

PCs and PDAs

supporting RLAN access

524 Coordinated spectrum access in heterogeneous radio environment

In this section, coordinated spectrum access is considered within a heterogeneous radio
environment, where particular frequency band(s) can be shared by several radio systems in order to
optimize spectrum usage. Improvement in spectrum usage is based on the fact that different radio
systems in the same geographic area at some time intervals may have different levels of spectrum
usage.

One possibility in this scenario is that one radio system is not a CRS while another radio system is
a CRS. Another possibility is that both radio systems are CRSs.

One example of coordinated spectrum access is shown in Figure 10 [16] [17] based on the

example 2 of use case of “Use of CRS technology as an enabler for opportunistic spectrum access
in bands shared with other systems and services” described in section 6.4 in Report ITU-R M.2225
combined with “centralized decision making” described in section 6.2.1.1 of the current report. In
this example base station and terminals with CRS capabilities of obtaining knowledge can sense the
spectrum usage at their location. The sensing information of base station and terminals are gathered
to Network Reconfiguration Manager (NRM) [8], which has a CRS capability of decision making.
The NRM analyzes the measurements and detects temporary vacant frequency bands. Then, the
NRM instructs the base station to reconfigure correspondingly. After the base station reconfigures
itself to use these vacant frequency bands and starts its operation, NRM notifies the terminals of the
operation frequencies of the base stations.
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FIGURE 10

Coordinated spectrum access in heterogeneous radio environment
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525 Vertical and horizontal spectrum sharing enabled by CRS technologies

Potential applications of the vertical and horizontal spectrum sharing are currently under study by
several administrations. Such access to shared spectrum is foreseen to be facilitated by CRS
technologies and their capabilities. In general, vertical and horizontal sharing application would
then allow additional users to access spectrum with existing incumbent usage.

One administration is currently studying the application of vertical and horizontal sharing [18].
Specifically, one application in the 3.5GHz band is intended to make spectrum, when not used by
incumbent systems, available for the operations of other radio systems while ensuring the protection
of incumbent radio systems from interference using vertical sharing. In this application radio
systems with QoS needs (e.g. mobile broadband systems) could be granted exclusive access with
respect to other non-incumbent radio systems. Furthermore, the application under study would
allow the use of selected portion(s) of the 3.5GHz band by radio systems employing CRSs
technology on an opportunistic and non-protected basis, where and when this spectrum is otherwise
not in use. In this case, spectrum sharing would be accomplished using horizontal and vertical
sharing methods.

In Europe, there is currently an on-going standardization activity to define a solution for vertical
sharing in the 2.3-2.4 GHz band [19] between mobile broadband systems and one or more
incumbent systems already existing in that spectrum band. The mobile broadband systems are
allowed to use the band on a time period or geographical area that it is not being used by the
incumbent. This band offers a first possibility to implement a solution that provides both the
incumbent and mobile broadband systems a certain QoS by guaranteeing them an exclusive access
for a spectrum resource at a given place and at a given time [20]. However, the incumbent
maintains higher level of spectrum usage rights and the mobile broadband system needs to evacuate
spectrum band if so requested by the incumbent. Thus, unlike the sharing proposal described in the
previous paragraph, only two levels of spectrum usage rights are considered and both incumbent
and mobile broadband systems are protected from harmful interference.

More specifically, the potential applications depicted above are foreseen to be based on solutions
that would include appropriate geo-location and controller functions to enable spectrum sharing
between the various radio systems. For example, such solutions would take dynamic inputs from
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incumbent systems regarding their spectrum usage and protection criteria requirements. Based on
such inputs and other factors, the spectrum availability (e.g. described in terms of band,
geographical and time constraints) and operational parameters are communicated to the radio
systems accessing the shared spectrum.

The applications described above have the potential to maximize the efficiency of the overall use of
the band, while providing appropriate protection for incumbent systems and other radio systems that
could have exclusive access.

6 CRS capabilities and enabling technologies

This section describes examples of enabling technologies, which are part of the CRS capabilities of
obtaining knowledge, decision and adjustment, and learning. The deployment scenarios described in
Report ITU-R M.2225 as well as the specific applications described in the section 5 of this report,
rely on these capabilities. The relationship between these technologies and the CRS capabilities are
illustrated in Figure 11. The section further identifies and describes technical features related to
these technologies.

FIGURE 11

Example of enabling technologies for CRS capabilities
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6.1 Obtaining knowledge

The first key capability of a CRS node is to obtain knowledge of its operational and geographical
environment, established policies and its internal state.

Three most commonly suggested methods for obtaining knowledge in a CRS are listening to
wireless control channels, spectrum sensing and access to databases. They are covered in detail in
the following sections. Also combinations of the methods can be considered.

6.1.1 Listening to a wireless control channel

Control channels could be used for transmitting control information between two or more entities
belonging to the systems which use the same spectrum resources. They facilitate more efficient
CRS operation, spectrum use and coexistence of different radio systems. One of the key challenges
with control channels is to decide how much and what control information should be exchanged to
find the balance between the increased overhead and the gain achieved from exchanging that
information. There also needs to be a way to ensure the reliability and accuracy of the control
information sent on the channel. Following we have two examples of such control channels
including Cogpnitive Control Channels (CCC), and Cognitive Pilot Channels (CPC).

CCCs may enable different CRSs to exchange information related to the local spectrum between
each other. The CRS can use the CPC to obtain knowledge of radio operational environment and by
doing this the CPC facilitates the efficient operation and spectrum use. It may be possible to use or
extend control channels already defined for the existing radio systems operation for cognitive
control information exchange.

The purpose of CCC is to enable distributed information exchange directly between the CRS
entities which have operation in the same area, whereas CPC conveys elements of the necessary
information to let the mobile terminal know e.g. operators, policies, and access technologies and
their associated assigned frequencies in a given region to enable efficient RAT discovery and
selection. CPC covers the geographical areas using a cellular approach. The focus of CCC is on
enhancing coexistence between secondary systems which are using the same available spectrum
resources, i.e. the networks operating in the same area and frequency band.

6.1.1.1 Cognitive Control Channel (CCC)

The Cognitive Control Channel (CCC) is a suggested approach for a real time communication
channel between different distributed CRS nodes in a specific geographical area. The CCC has been
introduced and studied in EU FP7 Project E3 as the Cognitive Control Radio (CCR).

In deliverables [21] and [22] the CCR concept and its functions as an awareness signalling
mechanism are described, while analysis and comparison to other awareness signalling mechanisms
are reported in [23], [24], and [25]. The CCC is based on the CCR definitions and it is further
considered as a coexistence solution in IEEE P802.19.1 [26] and ETSI RRS [27].

The CCC is primarily targeted for enhancing the coordination of the CRS devices. The CCC
enables different CRS entities to exchange information related to the sharing and coexistence,
spectrum usage rules or policies and/or specific capabilities and needs of different entities.
The CCC may be used for:

- sharing and coexistence — Exchanging the information on the network capabilities and
characteristics, network’s spectrum need and use, and agreeing spectrum use with other
networks in the geographic area;

- cooperative sensing — Agreeing on the common quiet periods for sensing the signal
from other radio nodes which are not connected to the CCC, and exchanging spectrum
sensing outcomes between the other networks in the area;
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- network access — Discovering the networks or devices to connect to, their capabilities
and provided services;

- access local policy and etiquette information, e.g. sharing rules for accessing specific
bands and local availability of the bands.

These functionalities of CCC are further elaborated in Annex D.

The CCC may be implemented with a physical or a logical channel approach [25]:

- in the physical channel implementation approach a specific physical radio channel
targeted for CCC operation is included in the entities exchanging cognitive control
information. This enables direct communication between any entities within range on
the used physical radio channel;

- in the logical channel implementation approach the CCC operates over any physical
radio channel using a transport networking protocol such as Internet Protocol. If the
entities, which need to exchange cognitive control information, do not support the same
physical radio channel, direct communication between the entities is not possible.

Thus, the communication is routed through the other entities, e.g. through internet
servers or wireless router nodes. As an example IEEE 802.19.1 assumes logical channel
implementation approach for coexistence communication [26].

The CCC can be applied e.g. in a context of heterogeneous networks, consisting of centralized and
decentralized CRS concepts, operating in the same area [27]. The CCC enables the networks to
share and exchange various information directly with each other to enhance simultaneous operation.

The operational procedure is discussed in more detail in Annex D.

The information which a network may exchange on the CCC can be collected by a combination of
means, e.g.:

- querying a local database for spectrum availability;

- spectrum sensing, e.g. estimating spectrum availability or recognizing other spectrum
users by evaluating the detected radio waves;

- information received from other CRS entities e.g. over CCC or CPC.

6.1.1.2 Cognitive Pilot Channel (CPC)

The CPC is a pilot channel (physical or logical) that broadcasts radio environment information
intended to aid the decision processes of a cognitive terminal in a dynamic and flexible
heterogeneous environment including broadcast platforms, as also described

in [7], [28], [29], [30], [31], [32], [33], [34], [35] and [36]. The radio environment information
includes information with regard to operators, frequency bands, available RATS, services, and load
situation etc.

This information can be used to aid a variety of different usage including:
- initial camping?;

- network association;

- policy distribution;

- simplify inter-system handovers;

- spectrum brokering;

1 Initial camping identifies the procedure followed by a terminal at the start-up in order to select an
appropriate network cell.
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- pre-emptive access;
- real-time adaptations;

- migration to new standards.

In some proposed radio environment, the CRS capability of the terminal (or possibly, base station)
appears to be a crucial point to enable optimisation of radio resource usage.

Indeed, in order to obtain knowledge of its radio environment, a CRS may need to obtain
information of the parts of the spectrum within the considered operable frequency range of its radio
hardware: it is important that this action is reliable and would be carried out within an acceptable
time and with acceptable power-consuming performance. On this basis, the CPC concept consists of
conveying the necessary information to let the terminal or base station know the status of radio
channel occupancy through a kind of common pilot channel.

In addition, the CPC is anticipated to be conveyed by two approaches: the “out-band” CPC and the
“in-band” CPC. The first one, out-band CPC, considers that a channel outside the bands assigned to
component RATSs provides CPC service. The second one, in-band CPC, uses a transmission
mechanism (e.g. a logical channel) within the technologies of the heterogeneous radio environment
to provide CPC services. Figure 12 depicts the out-band and in-band CPC deployments while the
related characteristics are summarized in Annex E.5. An example implementation using broadcast
platforms is reported in Annex E.4.

FIGURE 12
Out-band and in-band CPC deployments

b)

Out-band and in-band CPC approaches are considered to be used jointly by broadcasting the general
information over out-band CPC and detailed information over in-band CPC. In principle, the CPC
covers the geographical areas using a cellular approach for out-band deployment. While for in-band
deployment case, CPC is carried in system resource, e.g. as an extended system information
message on broadcast channel of RATS or other resource partition part. With CPC, information
related to the spectrum status in the cell's area is broadcast, such as:

- indication on bands currently assigned to cellular-like and wireless systems;
additionally, pilot/broadcast channel details for different cellular-like and wireless
systems could be provided:;

- indication on current status of specific bands of spectrum (e.g. used or unused).
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By considering such a CPC, the following advantages are pointed out:
- simplifying the RAT selection procedure;

- avoiding a large band scanning, therefore simplifying the terminal implementation
(physical layer) for manufacturers;

- the CPC concept seems particularly relevant for the implementation of DSA/FSM;

- the CPC concept as a download channel could be useful to the operator and user where
it is necessary to download a new protocol stack to connect to the network.

Taking into account the description of spectrum use database as described in section 6.1.3, used to
store information of spectrum use indicating vacant or occupied frequencies and the rules related to
the use of the frequencies in certain locations, the CPC may be used for providing such information
to CRS nodes.

Further details related to CPC are reported in Annex E. In particular, CPC operation procedure is
described in Annex E.1, its main functionalities in Annex E.2, the geography based implementation
of CPC in Annex E.3.

6.1.1.3 Challenges of CCC and CPC

Some challenges arise when considering listening to a wireless control channel for obtaining
knowledge of the operational environment.

Various sources in literature have proposed the use of a predetermined common coordination
channel for spectrum etiquette, network establishment and adaptation to changing interference
environments, see [37] [21] [38]. Local coordination and exchange of information provides low
delay and accurate sharing limited to the involved networks.

The CCC usage may increase the power consumption of the devices. The power consumption
should be considered carefully and particularly if the nodes are mobile. In such case the challenges
related to the power consumption are to limit the signalling overhead and to enable efficient power
save mode which still enables low latency information exchange. Thus, it is important to find the
optimal amount of exchanged information and the latency for the information exchange.

In addition, in the case the nodes have to connect over the internet, the appropriate network access
to be used should be selected.

Further challenges of CCC such as the synchronization between the involved nodes, the contention
resolution mechanisms when accessing the spectrum band, and the reliability of the exchanged
information should be investigated.

According to [39], the CPC concept could provide the necessary support for obtaining knowledge
of the spectrum occupancy. However, also the use of CPC would require further investigations on
some technical challenges before being considered as a mature approach, such as: the CPC delivery
should strictly satisfy the timing requirements coming from the opportunistic spectrum use;

the CPC content should be updated in a proper timeframe, according to the one related to
opportunistic spectrum use.

Arising from the above consideration, it can be concluded that further research and development in
order to improve the maturity of both CCC and CPC are needed e.g. in ETSI RRS and IEEE
802.19.1. For this purpose a feasibility study on different approaches and implementation options of
control channels for CRSs has been carried out in the scope of [40].
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6.1.2 Spectrum sensing

Spectrum sensing is a capability to detect other signals around the CRS node and is one method to
determine unused spectrum bands. Spectrum sensing is usable in particular in cases where the level
of the detected signal is sufficiently strong, and/or the signal type/form is known beforehand.

Considerable research is focused on sensing techniques, which has resulted in a number of sensing
methods, which are described in the following sections.

6.1.2.1 Sensing methods

Currently different spectrum sensing methods are considered for CRSs. These methods include
energy detection, matched filtering, cyclostationary feature detection and waveform based detection
etc. These existing sensing methods differ in their sensing capabilities, requirements for a priori
information, and also their computational complexities. The choice of a particular sensing method
can be made depending on sensing requirements, available resource such as power, computational
resource and application/signal to be sensed. These sensing methods can also be used in

a cooperative way where several CRS nodes do sensing and reporting.

Performance indicators which are related to the impact of different spectrum sensing techniques to
other users of the spectrum include e.g. the following:

- Detection threshold for the signals of the existing system

The minimum signal-to-noise ratio (SNR) which is needed by a spectrum sensing
method to achieve a certain probability of detection.

- Pre-determined detected signal intensity

The minimum detected signal intensity which is needed by a spectrum sensing method
to achieve a certain probability of detection.

- Detection time for the signals of the existing system

The duration which is used by each spectrum sensing method to detect the signals of
existing system.

- Detection probability

Probability that the signal is correctly detected when it is present.
- False alarm probability

Probability that the signal is detected when it is not present.
- Time between failures in detection

Average time period between failures in signal detection (i.e. signal is not detected
when it is present).

- The lost spectrum opportunity ratio
The expected fraction of the OFF state (i.e., idle time) undetected by CRS nodes.
- The interference ratio

- The expected fraction of the ON state (i.e., the transmission time of the networks of the
existing systems) interrupted by the transmission of CRS nodes.

In Annex F, the description of different sensing methods can be found.

6.1.2.2 Implementation of sensing methods

Currently several implementations of sensing methods are studied. Besides incorporating the sensor
directly into the user device, the following implementations are under consideration:
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- Dedicated listening devices: A dedicated listening device could be used to detect
incumbent systems at a distance if mounted outside such as on a tower or
rooftop. CRSs communicate with the dedicated listening device to follow its
instructions when the listening device detects the channels that incumbent systems are
using. A dedicated listening device could also be used in conjunction with a database as
well.

- Community sensor networks: A network of sensors may be used either alone or in
conjunction with a database to identify and communicate the presence of incumbent
transmissions and the availability of particular frequencies to end-user devices.

6.1.2.3 Challenges of spectrum sensing

Some challenges arise when considering spectrum sensing for obtaining knowledge of the
operational environment. One of them is the hidden node problem. The hidden node problem occurs
when a CRS node cannot sense another node transmitting (for example, due to radio propagation
conditions) or not sense the presence of a receive only node and therefore incorrectly assumes that
the frequency channel is not in use (Report ITU-R M.2225).

Furthermore, spectrum sensing requires high sensitivity, sampling rate, resolution, analogue to
digital (A/D) converters with large dynamic range, and high speed signal processors.

When wideband sensing is considered terminals are required to capture and analyse a wide band,
which imposes additional requirements on the radio frequency (RF) components. Wideband sensing
also means that a wide range of signals with different characteristics needs to be detected which
adds to the complexity of sensing since it needs to adapt to e.g. different energy levels or
cyclostationary features of the primary signal [41].

Therefore it might be useful to utilize sensing technologies in a limited frequency range in which
the range of technologies used by the other existing systems in the band is limited [42]. Moreover,
considering the constrained energy and limited processing capacity of some CRS nodes, the power
consumption and complexity of spectrum sensing algorithms should also be considered.

For example, the order of channels to be sensed, sensing interval, and complexity should be
optimized while maintaining sensing accuracy.

An important issue that has to be considered is the reliability of sensing, that is how reliable is the
information obtained through sensing the spectrum band. Indeed, in the case of unreliable
information, there could be consequences for the primary system (and even for the secondary
system). Several recent studies and statements as the ones reported in [43], [44], [45], [46], [47]
and [48], show that the reliability of the information obtained through sensing is one of the most
critical challenge to spectrum sensing.

Reference [39] reports a study focused on the reliability of a spectrum sensing technique as a way to
obtain the knowledge of the 2G system spectrum occupancy. As a result of the study, it is possible
to conclude that the considered spectrum sensing techniques may suffer due to a very low reliability
in the evaluation of the spectrum occupancy and this aspect could be really critical in an
opportunistic spectrum use context as decisions should be made in a strict timeframe. Similar
results are also reported in [44], where it is concluded that the dependence of the perceived spectral
activity with the user location along with the presence of external noise sources (e.g. man-made
noise sources like AC power systems, electric motors, etc.) altering the observed spectrum
occupancy suggest the need for sophisticated spectrum sensing methods as well as some additional
techniques in order to guarantee an accurate spectrum occupancy detection.

Thus, it does appear clear that the implementation of opportunistic spectrum access mechanisms
could not rely simply on the spectrum sensing techniques, in particular in case of terminal-side only
approaches. Indeed, when exploiting spectrum sensing in case of failure to obtain knowledge or in

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0270!R1IMSW-E_tenensuuy &. DOCX 15.05.15

15.05.15


http://www.itu.int/pub/R-REP-M.2225

-29-
SA/TEMP/270 (Rev.1)-E

case of unreliable information of radio environment, a CRS using spectrum sensing approach needs
to have alternative methods to cope with the situation.

In [47] it is stated that sensing is not a preferred solution to protect the broadcast service in the UHF
TV bands and that the potential benefit of using sensing in addition to the geo-location database
needs to be further considered. When sensing is implemented, testing procedures would need to be
developed by standardization bodies to assess the efficiency and the reliability of the sensing
process/device. In addition, to protect emerging systems of the broadcast service, sensing algorithm
would require continuous developments, which may raise legacy issues. Research on sensing [49]
has shown that PMSEZ2 services can be very difficult to detect under realistic conditions, even by
cooperative sensing.

When spectrum is used opportunistically, the primary system has the priority to use its frequency
bands anytime. Therefore, CRSs should be able to identify the presence of primary user and vacate
the band as required within a certain time depending on the requirements of the specific primary
user. For example if the CRS is exploiting opportunities at the public safety band, there may be

a sudden need for more spectrum by the primary use, the tolerance time will be very small and if the
opportunistic spectrum use is based on sensing, it needs to be done frequently. Also the temporal
characteristics of the primary user affect how frequently the sensing should be done. For example
the presence of a TV station does not usually change frequently in a geographical area, but the use
of wireless microphones may change rapidly [38].

It can occur that the primary user receiver is in the transmission range of the CRS but the primary
user transmitter is not. This could be the case e.g. with wireless microphones. There are also
receive-only users, such as passive radio astronomy services which cannot be detected by
sensing [41] [42].

In addition to the challenges reported above, in general, also the following ones should be addressed
while investigating the sensing approach:

- algorithm complexity may be related with power and processing consumptions;

- the complexity of each spectrum sensing method (in terms of power and processing
consumptions) related to the observed bandwidth;

- sensing signalling cost (e.g. including cost in sensing measurement and sensing
reporting);

- for cooperative sensing, the cost of aggregating and processing the sensing reports as
well as synchronization issues.

Based on the current studies that have been referred, the sensing techniques are not mature enough
and further research effort is needed on spectrum sensing in order to understand how such

a technique can be implemented and what would be the sensing requirements in each band and with
relevant primary services.

2 Programme Making and Special Events (PMSE) is a term that denotes equipment that is used to
support broadcasting, news gathering, theatrical productions and special events, such as culture
events, concerts, sport events, conferences and trade fairs. PMSE devices use low power.
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6.1.3 Databases

6.1.3.1 Geolocation and access to databases

The objective of databases is to provide information about the locally usable frequencies and thus
to provide protection to incumbent services from harmful interference. The database can protect
a wide range of radio services, including passive services which cannot be covered by sensing.

Databases can deliver information of vacant spectrum bands and the rules related to the use of those
frequencies in certain locations, such as information on the allowed maximum transmit power.

By knowing the locations and having access to the database, the CRS nodes can check available
frequencies from the database to be used for their own transmissions. The information on the
database can be obtained either by the CRS itself or the information can be provided by another
system. The CRS nodes can access the database in several ways and for example CPC could be
used for providing the information contained in the database to CRS nodes.

Database approach is especially useful to protect primary usage where the locations of the stations
are known and remain stable and spectrum use does not change frequently [42].

Several approaches to databases can be possible. The approach can vary e.g. on the time frame on
which the information on the spectrum band is gathered.

In UHF TV bands, as stated in [48], the geo-location and database access method provides adequate
and reliable protection for broadcast services, so that spectrum sensing is not necessary.

Furthermore, in one country industry has set up a voluntary database for recording RLAN systems
operating in the 5 470-5 725 MHz band outdoors if they are within 35 km of a Terminal Doppler
Weather Radar (TDWR) that is operating in the 5 600-5 650 MHz band. In other bands the
geolocation databases may become a key tool of enabling other forms of vertical as well as
horizontal spectrum sharing.

Additionally, in the sharing approach currently considered in Europe for 2.3-2.4 GHz band
described in section 5.2.5, the access to spectrum is based on a use of a geolocation database. This
database is able to store as well as exchange information dynamically between entities involved in
this spectrum sharing framework [50].

Any database could contain and utilize information on all services the administrations want to
protect in the bands to be accessed by the CRS nodes. This could include information on protected
receive sites or operational areas of those protected services, as well as on any registered devices.

The operation of the database can also be organized in different ways, and there are several
proposed architectures. [47]

It is possible to have one or more databases and they could be provided by the regulator or third
parties authorized by the Regulator. If there are multiple databases they all need to provide the same
minimum information about the available frequencies to the cognitive device.

- Single open database: One option is to have a single database for the entire country or
for a region. All CRS nodes consult this database using a pre-defined and standardized
message format. The database would be open to all users. In practice a regional database
may not be practical due to differences in national approaches.

- Multiple open databases: A second option is to have multiple databases. In this case,
CRS nodes could select their preferred database but there would be no difference
between them in the information related to the allowed frequencies. One benefit could
be an improved availability as a result of the redundancy of databases. In addition,
if some of the databases are operated by third parties, they could offer also other
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information and value-added services to the CRS nodes, in addition to the mandatory
interference protection related information.

- Proprietary closed databases: A third option is to have “closed” databases corresponding
to different types of devices. For example, a manufacturer of CRS nodes might also
establish a database for those devices it had made. Multiple manufacturers might work
together to share a single closed database or one manufacturer might “open up”
its protocols and database for others to use if they wish.

- “Clearinghouse” model: The “clearing house” model partitions the process of providing
information on available channels to CRS nodes, in order to facilitate the development
of multiple database service providers. The key element is the clearing house,
which aggregates and hosts the raw data needed to perform database calculations.

Since there would be only one of these per country or region, it would need to be
carefully regulated to ensure equitable access conditions as well as integrity of data
handling and distribution.

Open interfaces and protocols should be defined between the devices and the database so that
different types of CRS nodes can access a database-based on those interfaces and protocols.

Geolocation is an important part of the database access approach as the location of the CRS node
needs to be known to retrieve correct information from the database for the specific location.

There are several ways to implement the geo-location. Fixed CRS devices such as access points can
be professionally installed and their location then programmed into the device. Personal computers
and other portable devices can use geo-location technologies such as GPS chips. Also triangulation
using radio towers or any other location determination method provided those methods provide
sufficient accuracy to determine the location of devices at a given point and time. Once the device
determines its location, or it is determined by the access point acting as a master device, it can be
communicated to the database to determine the frequencies available for use in its area [47].

6.1.3.2 Multi-dimension cognitive database

An important characteristic of a CRS is its capability of making decisions and adapting based on
past experience, on current operational conditions, and also possibly on future behavior predictions.
An underlying aspect of this concept is that CRS must efficiently represent, store and manage
environmental and operational information.

Cognitive database [51] is a promising module in CRS architecture by storing and managing
cognitive information to support the CRS. This database is a logical entity which can be organized
flexibly in both centralized and distributed manner.

The cognitive information in cognitive radio systems is comprehensive, including information of
space, time, frequency, user, network and different layers of system. The cognitive database should
be divided into several dimensions in terms of its nature, and the cognitive information in which
should be managed based on the dimension division, such as:

- Radio dimension
. Parameters of radio transmission characteristics
- Network dimension
. Information reflecting the network status
- User dimension
. Information related to users or concerned by users
- Policy dimension

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0270!R1IMSW-E_tenensuuy &. DOCX 15.05.15

15.05.15



-32-
SA/TEMP/270 (Rev.1)-E

. Guideline of radio resource management, spectrum policies, operator policies.

6.1.3.3 Challenges of geo-location/database

CRS nodes may need to be capable of knowing their locations and accessing the database.
Using databases to present fast varying spectrum use is challenging as the information stored in the
database can become outdated fast.

Furthermore, database approach may not be suitable in cases where the location of the protected
stations is not known or they cannot be registered in the database.

The management of database includes also security and privacy aspects that need to be considered.

The sensitivity of the information stored in the database could be very high, and should be carefully
managed in the network, in order to avoid any unauthorized or unexpected access to the data.

As a basic principle for addressing the security of the information, two categories of information
could be introduced: a first category related to non-sensitive information, and a second category
related to sensitive information. Any information related to the available RATSs and related
frequency bands in a certain area should be included in the first category, since this kind of
information needs to be sent freely to any mobile device. On the other side, any information related
to some specific actions, decisions and operations in the networks should be included in the second
category.

The information that the database provides to the devices may depend on the regulation and the
database implementation. The CRS may be able to operate in various countries and frequency
bands, and thus it may need to access to various databases. For providing global interoperability for
CRSs, a unified and flexible interface, which enables access to various databases globally, should
be defined. An example of such an interface is defined in IETF PAWSS3,

6.2 Decision making and adjustment of operational parameters and protocols

The design of future CRSs will face new challenges as compared to traditional wireless systems.
Future CRSs need take into account the underlying policies in the different spectrum bands that
determine the rules for using the bands and transform the policies into adjustment actions.

The operational environment will be heterogeneous consisting of several RATs with diverse sets of
terminals to support a wide range of services.

In addition, the operational environment will be more dynamic as the number of users and the
applications they are requesting vary in time leading to changing requirements for resource
management. As a result the resource management in a dynamic and complex environment
becomes a multivariable optimisation problem with conflicting requirements where optimal
solutions are difficult to find.

The decision making in CRSs including e.g. the resource allocations among the CRS nodes such as
frequency channels, output power levels, RAT, transmission timing and modulation types, can be
done with mathematical or heuristic methods. Mathematical algorithms have good performance and
reliability, but they can be complex and their applicability depends on the characteristics of the
target system. In dynamic environment mathematical models may not be suitable for the target
problem leading to performance degradations. Heuristic methods could be based on mathematical
understanding and statistical knowledge, human-kind thinking or artificial intelligence (Al) applied
to problem to solve. Techniques like rule-based expert systems, fuzzy logic, neural networks,

3 There is standardization effort by Internet Engineering Task Force (IETF) to standardize
a Protocol to Access White Space databases (PAWS).
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genetic algorithms, or combinations of them may be attractive to tackle problems that hinder using
mathematical algorithms. With heuristic methods the decision making system can be designed to
handle such unusual, or even unpredictable, cases that are difficult to implement using
mathematical methods.

For decision making in CRSs, the nodes may use various parameters, which can be categorized into
radio link quality and network quality parameters. Radio link quality parameters include metrics
such as received signal strength and signal to interference-plus-noise ratio (SINR). Network quality
parameters include traffic load, delay, jitter, packet loss, and connection drop/block statistics.

This two-level information covering both physical level and network level can be used for the
decision making. For instance, network congestion cannot be observed at the physical layer,

while its effects will be shown on network level monitoring as decreased throughput and/or
increased delays and packet losses. Another example is that if packet losses start to increase,

they might be caused by low or alternating signal strength, which will be shown immediately at the
physical layer. Then again, high overall SINR combined with packet losses is an indication that
there could be sporadic shot noise interference, problems with link layer delivery, or problems
somewhere behind the radio link. All this information, taken together, can contribute to the decision
making process of the CRS.

6.2.1 Decision making methods

Centralized and distributed decision making methods are hereafter described. In general, their
specific application depends on the considered scenario and the trade-off between the two methods
should be studied case by case. Sometimes hybrid solution may bridge the gap between the two
extremes [52].

6.2.1.1 Centralized decision making

A simple architecture to support the dynamic adaptation of the operational parameters in a CRS is
to have a centralized entity for decision making, which could coordinate the operational parameters
and resources and consequently realize and issue decisions for utilizing the spectrum resources or
channels.

The central entity obtains the knowledge of its radio operational and geographical environment,
its internal state and the established policies, and monitors spectrum usage patterns and users’
needs, for instance, by sensing the spectrum use, using a database and/ or receiving control and
management information through listening to a wireless control channel. Based on all obtained
information, the central entity makes a decision on the adaptations of its operational parameters
including e.g. spectrum resources to CRS nodes in the area it manages.

The centralized architecture is simple and easy to control from the operator’s view. However,

when the amount of components increases greatly, a single centralized entity would not be able to
cope with the coordination, decisions making and management for a large number of CRS nodes’
resources. This will not only lead to scalability issues, but will also introduce significant delays in
the resource management decisions being conveyed. Besides, the centralized entity may not be easy
to collect dynamic information from all involved network entities and make fast decision.

6.2.1.2 Distributed decision making

A distributed approach is based on localized decisions of distributed CRS nodes. Distributed
decision making approach could be used when a set of ad hoc CRS nodes operates in the same area,
and in the same frequency band using dynamic access. In this case, each CRS node would have to
gather, exchange, and process the information about the wireless environment independently.

The decisions on the actions would be carried autonomously based on the available information.
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The delay is substantially shorter to facilitate dynamic change of situations when compared with
centralized approach. However, there may be an issue with stability (especially when entities act
independently without coordination) as it is difficult to prove that the proposed solution will always
behave in a predictable manner. Distributed decision making can be useful in networks employing
relay transmission schemes which help to avoid interference by selecting appropriate transmission
power levels and paths.

There is a wide range of techniques for distributed decision making including e.g. game theory,
metaheuristics (e.g. genetic and search algorithms), Bayesian networks and neural networks.
Different decision making techniques are more suitable depending on the operational environment,
network conditions and the use of coordinated or non-coordinated mechanisms. The main aspects of
the coordinated and non-coordinated mechanisms are reported in the following.

In general, in the coordinated mechanisms a CRS nodes will make a decision on e.g. spectrum
access to achieve the best overall performance of the network whereas in the non-coordinated
mechanisms CRS nodes will make a decision only to maximize its own benefits. In both
mechanisms CRS nodes have to collect information such as information on RATS, operating
parameters, capabilities and measurement results to make the decision.

In the non-coordinated mechanisms such information are gathered and processed locally by each of
the CRS nodes that can make the decision independently by choosing the actions that optimize their
own performance while fulfilling the given constraints arising e.g. from policies. If the nodes decide
independently e.g. their channel and power allocations, the overall performance of the network in
terms of e.g. throughput may not be good. Examples of non-coordinated mechanisms are, CSMA,
frequency hopping, and adapting transmission power based on interference level.

In the coordinated mechanisms, the actions can be optimized to obtain better overall network
performance. The CRS nodes can collaborate using e.g. control channels or databases to optimize
the operation of the network based on policies to ensure fairness and effectiveness taking into
account the different CRS nodes characteristics and other aspects e.g. load balance between CRSs.

6.2.1.3 Examples of possible criteria to be used for decision making

6.2.1.3.1 Frequency channel selection based on channel usage

The CRS may be able to recognize the utilization probability of different frequency channels,

the state transition probability from idle to busy of different channels, the usage model of different
channels from periodically-collected statistical information though out-of-band and in-band
spectrum sensing. In order to select most suitable channel that improves the utilization of available
spectrum, the CRS needs to identify the opportunity utilization quality of the different channels by
integrally considering the information obtained by the CRSs. The considered information could
include e.g. the following aspects:

1) utilization of channel probability;

2) state transition probability from idle to busy of channels;

3) the usage model of different channels;

4) traffic pattern in different channels;

5) bandwidth as well as traffic requirements of the cognitive radio users;

6) channel collision problem for the scenario of multi-cognitive radio users.

6.2.1.3.2 Frequency channel handover

Frequency channel handover occurs when a CRS user changes frequency e.g. in case the frequency
is reclaimed or, due to the channel conditions, the communication cannot be maintained. Frequency
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channel handover may cause delay and packet loss to the CRS user. Frequency channel handover
strategy is trying i) to maintain the seamless connectivity of CRS users and ii) to guarantee the QoS
requirements of the CRS user.

The considered information may include e.g. the following aspects:

1) usage model of different channels;

2) predicted vacant time of channels;

3) quality of channels, such as SNR and path loss;

4) bandwidth as well as traffic requirements of the cognitive radio users;
5) handover delay.

6.2.2 Adjustment methods

A CRS node could dynamically and autonomously adjust its operational parameters, protocols,
and configurations according to the obtained knowledge and past experience based on appropriate
decision methods. This section reports an example of cognitive network management.

6.2.2.1 Cognitive network management

Based on the knowledge of its environment, a cognitive network (as described in section 5.2.1)
can dynamically adjust its parameters, functions and resources by means of appropriate methods.
To accomplish such tasks, appropriate management functions need to be identified.

The availability of reconfigurable nodes in the networks (i.e. nodes whose hardware and processing
resources can be reconfigured in order to be used with different RATS, frequencies, channels, etc.),
coupled with appropriate cognitive network management functions, will give the network operators
the means for managing in a globally efficient way the radio and processing resource pool, with the
aim to adapt the network itself to the dynamic variations of the traffic offered to the deployed RATSs
and to the different portions of the area. In some cases cognitive network management could be
used for energy saving purposes.

As an example of self-adaptation on the basis of traffic load, it could be considered to deploy RAT1
and RAT2 systems in a geographical area with a network built with reconfigurable base stations,
thus having reconfigurable hardware shared between RAT1 and RAT2 functionalities. During the
daily life of the network, it could be needed, for instance due to different traffic loads on the

two RATS, to increase the percentage of processing resources devoted to the over-loaded system
while decreasing the resources given to the other (supposed under-loaded). In Figure 13,

a reconfiguration example increasing RAT2 resources is depicted.

FIGURE 13

Reconfiguration example
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As another example, sometimes the traffic loads of a RAT could be low so that such RAT could be
switched into dormant mode for energy saving. The dormant mode operation saves power by
allowing the CRS to power down part of the reconfigurable hardware shared between the two
RATS, while all residual resources are allocated to the active system.

As anticipated before, in order to perform such network reconfigurations, an appropriate cognitive
network management function need to be introduced. Such function is devoted to:

- monitor periodically the current activity status of the cells (for each supported RAT)
in terms of measurement of the number of the requests and rejects (if any) from the
different systems;

- execute a reconfiguration algorithm that decides which base station(s) are to be
reconfigured, e.g. with the aim to adapt the percentages of processing resources devoted
to each supported RAT and to dynamically shape the active radio resources to the
behaviour of the traffic;

- control the network reconfiguration by sending appropriate reconfiguration commands
to the reconfigurable base stations in order to perform the appropriate actions
(e.g. to activate/deactivate processing resources and/or radio resources — such as
frequency carriers — for each supported RAT).

It is worth noting that the cognitive network management function can reside in any radio network
control node, a core network or O&M node as well as inside each reconfigurable node (e.g. in case
of flat-architecture) supposing that it can opportunely interact with the other network management
functions e.g. Radio Resource Management (RRM) and the reconfigurable node entities.
Distributed solutions of the cognitive network management function are also possible.

6.3 Learning

Learning can enable performance improvement for the CRS by using stored information both of its
own actions and the results of these actions and the actions of other users to aid the decision making
process. The learning process creates and maintains knowledge base where the data is stored.

Learning techniques can be classified into three major learning schemes such as supervised
learning, unsupervised learning, and reinforcement learning. Supervised learning is a technique
which uses pairs of input signals and known outputs as training data so that a function that maps
inputs to desired outputs can be generated. Case-based reasoning is an example of supervised
learning technique where the knowledge base contains cases that are representations of past
experiences and their outcomes. Reinforcement learning uses observations from the environment in
learning. Every action has an impact in the environment and this feedback is used in guiding the
learning algorithm. Q-learning is an example of this class. Unsupervised learning techniques aim at
determining how the data are organized. Clustering is an example of unsupervised learning
technique [53]. Also aspects of “game theory” and “policy engines” are among the techniques under
investigation for CRS management [54].

Major learning schemes can include several specific learning techniques such as genetic algorithms,
neural networks, pattern recognition, and feature extraction. Neural networks provide a powerful
tool for building classifiers. Pattern recognition and classification can be seen as crucial parts of

an intelligent system that aims at observing its operating environment and acting based on
observations. Feature extraction and classification are complementary functions. A very important
task is to find good distinguishing features to make classifier perform efficiently.

Learning makes the operation of CRSs more efficient compared to the case where only information
available at the design time is possible. For example, learning enables use of traffic pattern
recognition. A CRS can learn the traffic patterns in different channels over time and use this
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information to predict idle times in the future. This helps to find channels offering long idle times
for secondary use, increasing throughput for secondary users and simultaneously decreasing
collisions with primary users. Moreover, a CRS could also be able to recognize the type of the
application generating the traffic by looking at the statistical features of the traffic. This would help
the management of the network since different applications have different QoS requirements,

e.g., VolIP and media downloading.

Learning helps also in fault tolerance since patterns of faults can be identified as logical sets that
can be interconnected as a constraint network or a reactive pattern matching algorithm.

This approach can enable a more efficient fault isolation technique as it identifies multiple potential
causes concurrently and then chooses the most likely based on precedence and weighting factors.

A major challenge in learning is the maintenance of knowledge base which is a key requirement for
efficient learning and reasoning. The knowledge base should be able to adapt to the possible
changes in the environment to offer relevant information to the decision making. The size of the
knowledge base is not allowed to grow uncontrollably. Rather the size should remain at the
reasonable level. Thus, a management element might be needed in the system to take care of these
tasks. All the unnecessary information should be taken away from the database on a regular basis.
Management element might be also needed to restrict the amount of changes in the knowledge base
to avoid chaotic situations. Moreover, the knowledge base could be tailored to operate efficiently
with the specific learning techniques used in the system [55] [56].

6.4 Implementation and use of CRS technologies

The implementation and use of CRS technologies in the different applications in LMS would
depend on the particular application and the band where certain radiocommunication services are
used and the particular CRS technologies for obtaining knowledge such as sensing and access to
database that are required.

As described in section 5, applications that are employing CRS technologies would have
an implication on sharing and coexistence issues.

In the following some examples are given of how the use of CRS technologies could enhance
sharing and coexistence, specifically when the existing radio systems undergo technical upgrades
and technology evolution. These and other technical solutions for sharing and coexistence are
subject to study before they can be implemented. It should be noted that sensing and database are
examples of CRS technologies with potential for technical suitability in the applications of a CRS
as addressed in section 5. However, this does not preclude that other CRS technologies can also be
applicable.

Use of sensing allows the CRS nodes to detect changes of the existing radio systems around them
and to act accordingly, based on the appropriate policy. The changes can usually be related to
change of frequencies used by the existing radio system around the CRS nodes. But also technical
changes of the signals to be detected may be handled as the sensing method may be sufficiently
flexible or broad to cover a range of signals or technical changes in the signals of the existing radio
systems. More fundamental technical changes of the radio systems, due to technology evolution and
technology upgrades, can be handled through reconfiguration of the CRS nodes. It should be
noticed, that also policy updates can be delivered to the CRS nodes.

Use of access to database by CRS nodes can ensure no harmful interference to the existing radio
system practically under any changes and evolution of the radio systems. CRS nodes are following
the updated orders from the database, where the changed protection requirements have been taken
into account. Thus dealing with evolution of the existing radio system is more straightforward when
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the database approach is in use. The valid policies are implemented in this case by the database and
the CRS nodes just continue to follow the orders, even if they are changed.

Therefore, particular sets of CRS capabilities and related technical solutions may be needed to
allow spectrum sharing and radio resource management on more dynamic basis, depending on
particular bands and applications.

In addition, there is a need to utilize appropriate policies and condition under which CRSs could
operate. For example, in the case where CRSs would share spectrum bands with other radio systems
(in particular for the vertical sharing approach presented in section 5), such policies and conditions
could be set under a framework defined by the rights of spectrum usage. The framework should
describe the condition of use and provide possible mechanisms for sharing.

In the horizontal spectrum sharing arrangement where several CRSs share the same spectrum band,
there is a need to define some rules of accessing the shared spectrum band such that all CRSs have
an equal chance to access the spectrum band, i.e. the CRS capabilities are used to ensure fair access
to the spectrum.

In order to exploit the opportunities of CRS technologies in the LMS to their fullest harmonized
technical solutions could be beneficial. However, it should be noted that CRS technologies can be
applied to the various systems for the various applications. Harmonised technical solutions would
be useful to address possible CRS applications in various bands.

6.4.1 Dimensions of flexibility

The CRS technology may offer flexibility in following dimensions: time, space, frequency and
other operational parameters. Each of them is discussed in the following:

6.4.1.1 Time

- A CRS can receive guidance about the time validity of the available frequencies from
the database or from some other source. If sensing is used, it may also provide some
information about the instantaneous changes in the environment around the CRS nodes.

- Another approach may be that the CRS operates according to policies that define the
timing of the transmit/receive signals.

The CRS itself can be able to make the timely changes rapidly.

6.4.1.2 Space

- CRS operation may be location specific. For example if geo-location database is used,
it can instruct the CRS in a manner that facilitates flexibility in the space domain.
Thus the CRS may operate differently in different locations.

- The spectrum occupancy and the resulting spectrum availability can vary significantly
depending on the location indicating that different frequency channels can be available
in different locations. A CRS can exploit the spatial variations in the spectrum
availability by adapting its operations according to the local situation.

6.4.1.3  Frequency

- A CRS can obtain knowledge of the available frequencies based on its own
observations, through sensing, or by receiving the information from other sources, such
as geo-location database. It can then change its operation to available frequencies.
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6.4.1.4 Other operational parameters

- The CRS nodes may need to adjust various other operational parameters, like the
transmit power (TPC), modulation, coding, used RAT, protocols, etc. Especially if the
CRS is implemented using SDR, the CRS node characteristics can be changed flexibly.

- Ability to change the operational parameters improves the ability of a CRS to ensure
avoidance of harmful interference and can improve its operational capabilities.

7 High level characteristics and operational and technical requirements

7.1 High level characteristics

LMS radio systems are characterized by physical characteristics as discussed in ITU reports (e.g. in
Report ITU-R M.2116-1 on wireless broadband access) as well as other system characteristics. The
characteristics of an LMS radio system that includes CRS technology consists of the characteristics
associated with a land mobile radio system and additional characteristics associated with CRS
technology which are applied to it as shown in Figure 14.

FIGURE 14
The characteristics of an LMS radio system and its CRS technology

Additional characteristics
associated with CRS technology applied to the
radiocommunication system

Additional:

Base:

The characteristics of a conventional LMS radio system are represented by operating and technical
parameters such as frequency band, modulation type, data rate, access method, channelization,
transmit power, transmit spectrum mask, spurious emission, antenna gain, receiver sensitivity and
others.

CRSs have not yet reached the maturity for discussing in detail additional characteristics related to
LMS radio systems employing CRS technology. Therefore, in this document CRS characteristics
are discussed at a high level based on the features that characterize a CRS listed in Report ITU-R
M.2225. CRS characteristics that could be added on top of the characteristics of conventional
mobile radio systems are:

A) flexible spectrum management in temporal, frequency and geographical domains to
improve spectrum efficiency, and
B) dynamic coordination among radiocommunication systems to facilitate spectrum

sharing and co-existence,

which arise from the CRS capabilities:
1) to obtain the knowledge of the established policies;
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2) to autonomously adjust its operational parameters and protocols;
3) to learn from the results of its actions.

It is foreseen that these additional characteristics could be especially relevant to the horizontal and
vertical sharing which could require better awareness of the environment outside the CRS such as
other radio systems and the resulting interference situations. Thus the knowledge of the
characteristics of other radio systems operating in the same or adjacent bands could be of interest
for LMS with CRS capabilities for more efficient spectrum sharing. More accurate knowledge of
the other systems and the resulting interference situations, could enable the CRS to share the
spectrum more efficiently.

These characteristics define the CRS’s ability to avoid harmful interference to other radio
communication systems with or without CRS technology and therefore give additional interference
margin thanks to dynamic interference management and/or radio resource management, being
compared with conventional fixed or predefined interference criteria for sharing and/or coexistence.

The CRS specific characteristics are represented by some additional operating and technical
parameters which can be quantified as metrics. The detailed CRS specific metrics are discussed in
section 8.1.1. The same parameters may be used to characterize CRSs across LMS radio systems
employing CRS technology. The values of the parameters, however, vary depending on the
radiocommunication system themselves and the system(s) that they share or coexist with.

7.2 High level operational and technical requirements

This section introduces some high level operational and technical requirements for a CRS. In
general, requirements can be categorized into two main sets: i) requirements that focus on the CRS
operations itself in order to guarantee a certain level of performances in its operations,

and ii) requirements related to the interaction with the other systems that operate in the same band
and/or in the adjacent bands. The requirements are strictly related to the different scenarios and
applications of a CRS. In addition, CRS operations may rely e.g. on the technical features and
functionalities such as the ones described in section 6 of this Report that may impact the
requirements.

Some high level operational and technical requirements related to the CRS operations only are as
follows:

- Scalability and insensitivity to network topology changes [58]: the CRS should react in
an appropriate manner to the changes in network topology (e.g. some nodes may go
out-of-service). The connectivity between the CRS nodes should be maintained in
a robust manner, and advanced protocols are required to reconnect nodes via different
channels.

- Power efficiency [58]: some CRS operations may require high power consumptions.
Such consumptions should be optimized in each CRS node, taking into account the new
functions that the nodes need to perform such as sensing, coordinated and
non-coordinated approaches in the decision making mechanism, etc.

- Network discovery [58]: the protocols and procedures of a CRS should be designed in
such a way that the network discovery from the user perspective meet specific delays
restrictions (e.g. defined through network policies).

- Robust control plane [58]: the control planes both within a single CRS as well as
between different CRSs should be robust and able to continue to provide connectivity in
the context of different radio environments that change dynamically during time.

- Reconfigurability of the radio nodes [58]: the radio part of CRS nodes should be
capable of adjusting to different radio frequency environments. This kind of dynamic
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adaptability means that the transmission parameters and resource allocation can be
easily adjusted to the needs of the system operator and/or the user, or the interference
environment in a particular band.

- Context, policies and information provisioning support [58]: for the purpose of
supporting CRS nodes in their selection of radio technology and frequency band as well
as radio link configuration, context provision needs to provide the radio context
information such as e.g. available frequencies and radio technology selection constraints
(policies) in the appropriate manner.

- Efficient use of spectrum: The CRS should support functionalities that improve the
efficiency of overall spectrum use. This could be assessed by using for example
spectrum occupancy metric, see section 8.1.4.

- Support for designated method(s) to obtain knowledge: The CRS should support
method(s) to obtaining knowledge on e.g. spectrum availability information.

- Location knowledge: The CRS should support geo-location functions to be aware of its
location to the level and accuracy required by its capabilities e.g. to obtain knowledge.

- Security and privacy: The CRS should ensure the security of its interfaces and data
transmission, as well as data privacy.

The requirements reported above are related to some of the CRS applications depicted in this
Report. For example, the requirements on reconfigurability of the radio nodes and on context,
policies and information provisioning support, are both valid for the cognitive network
application [59].

The following are three examples of high level requirements related to the interaction with the other
systems which are very important in the context of applications that involve horizontal and vertical
sharing as well as coexistence issues with other radio systems:

- Harmful interference and QoS degradation avoidance: a CRS should support specific
technical features and functionalities to avoid any harmful interference and QoS
degradation to the other radio systems with equal or higher levels of spectrum usage
rights operating in the same band and/or in the adjacent bands.

- Sharing and coexistence: The CRS should support functionalities that facilitate sharing
and coexistence with other CRSs as well as other radiocommunication systems
according to the operating environment.

- Spectrum coordination: The CRS should be able to release a spectrum band on demand
e.g. in the case of appearance of another, radio system (or another CRS) with higher
level of spectrum usage rights. In order to provide continuous service to its user
(if required), the CRS should support changing its operating channel.

8 CRS performances and potential benefits

8.1 Aspects related to the performance of the CRS radio operations

In this section, general performance criteria and metrics are presented to help the performance
evaluation of LMS radio systems employing CRS technology.

A metric is a quantitative value to be used to evaluate performance(s). In the case of a CRS, since
some metrics may be interdependent, distinguishing their basic attribute may not be straightforward.
Appropriate metrics should be selected for specific applications depicted in section 5.

CRS technology introduces additional dynamic radio operations and functionalities whose
performances may require the introduction of new metrics. For example, metrics for the CRS to
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respond to dynamic availability of spectrum in time domain in addition to geographical domain.
The impact of learning as one of the key characteristics of a CRS is not straight forward to quantify
with metrics used for conventional radio systems. In fact, LMS radio systems employing the CRS
technology can function in a more dynamic radio operational environment and adjust their
operations accordingly, which calls for new metrics to measure this dynamic behaviour.

Section 8.1.1 reports some radio performance metrics for CRS operations. Spectrum related
performance metrics are captured in section 8.1.2.

8.1.1 Radio performance metrics for CRS operations

For CRS radio operations, performance metrics can be categorized into two levels: radio link level
and radio access network level. Radio link level quality would give an indication and measure of
physical characteristics and performances of CRS transmissions, whereas radio access network
level quality could be used to provide a quantified measure and indication of the overall CRSs
system performance.

The following metrics could be used to evaluate radio link level quality:
- Received signal strength indicator (RSSI).

The received power, including thermal noise and noise generated in the receiver, within
the bandwidth defined by the receiver pulse shaping filter4.

- Signal-to-interference plus noise ratio (SINR).

The ratio of the power of the wanted signal to the total power of interfering signals and
noise, evaluated in specified conditions at a specified point of a transmission channel®.

- Error ratios (e.g. bit error ratio (BER), frame error ratio (FER)).

The ratio of the number of errored bits/frames received to the total number of
bits/frames received over a given time interval®.

Additional radio link level metrics can be defined according to different CRS applications.

In the case of horizontal and/or vertical spectrum sharing, the LMS employing CRS capabilities
might experience interference from other radio systems. The interference term in the SINR metric
would consist of both LMS internal and external system interferences. It may be useful to
differentiate these interferences as the LMS system has different level of control over them to take
actions accordingly using the CRS capabilities.

In addition to the SINR, the interference only can be also used as a metric by comparing its value
with defined thresholds instead of using the transmitted signal as a reference. More in general,
which metrics to consider and how such metrics are used depends on the different applications.

Radio access network level metrics can be divided into system performance metrics and users
related performance metrics. System performance metrics refer to overall operation of the radio
network, while user performance metrics refer to the Quality of Service (QoS) and Quality of
Experience (QoE) of the end user.

The radio access network level system performance metrics include, but are not limited to:
- Accuracy of obtained knowledge (e.g. radio environment)

4In line with the RSSI term from 3GPP TS 25.225.
5In line with the signal to interference (SIR) term from Recommendation ITU-R V.573-5.
6In line with the BER term in Recommendation ITU-R V.662-3.
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It refers to the accuracy of information that CRS systems obtain to use for decision
making and adjustment of operational parameters and/or protocols. This mainly impacts
on interference management.

Accuracy of the knowledge obtained by the CRS may be affected e.g. by the following
metrics or a combination of them;

Propagation channel measurement error which is a metric of difference between actual
radio propagation channel state information values and their estimated values.

Geographical position error which is a metric which is a displacement of recognised
position from a real position.

Other metrics related to specific CRS technologies for obtaining knowledge can be
found in section 6.1.

- Base station reconfiguration time

It refers to the duration from the time when a reconfigurable base station receives a
particular reconfiguration command to the time when it starts to operate again with the
new configuration.

- Time-scales related to CRS specific characteristics

It refers to delays introduced by the CRS capabilities operations. As an example, these
metrics could include decision delay and control delay.

Decision delay is the time required to take decisions. Such metric may be relevant
because information that was collected at the past instance may no longer be appropriate
or out of date due to the dynamic nature of land mobile radio systems. Control delay is
the required time to adjust radio parameters after the decision of adjustment.

- System capacity

It refers to the peak aggregate throughput that can be achieved over a communications
system under certain conditions.

- Aggregate average throughput

Aggregate average throughput is throughput in a cell summed from all users over the
time divided by the number of users.

- Peak spectral efficiency (Report ITU-R M.2134)

The peak spectral efficiency is the highest theoretical data rate (normalized by
bandwidth), which is the received data bits assuming error-free conditions assignable to
a single mobile station, when all available radio resources for the corresponding link
direction are utilized.

- System spectral efficiency (Report ITU-R M.2134)

System spectral efficiency is defined as the aggregate throughput of all users divided by
the channel bandwidth. The system spectral efficiency is measured in bit/s/Hz.

- Successful communication establishment probability
It refers to the probability of successfully establishing communications links.
- Frequency channel handover time

It refers to the time for a CRS device to handover from current frequency channel to
another frequency channel.

Radio network level’s users related performance metrics include:
- Delay and Jitter
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Communications delay and delay variation of the end user traffic.
- Connection reliability

Connection reliability measures the probability that the user session will be maintained
during a session.

- Percentage of users with low quality

Defines the percentage of network user’s whose selected user performance metric(s)
have remained below a certain threshold(s) for a predetermined duration of time.

8.1.2 Metrics for evaluation of spectrum use

The CRS aims at enabling more efficient use of spectrum. This may be evaluated e.g. in terms of:
- Spectrum occupancy

The utilization rate of the frequency channel, thus, the fraction of time that the power in
a frequency channel exceeds a certain threshold. Measurements of the spectrum
occupancy enable monitoring on how efficiently the current spectrum allocations are
being used in reality. Measurements are influenced by detection method, measurement
channel bandwidth, number of channels, observation time per channel, revisit time and
duration of monitoring. Spectrum occupancy can be given in three different levels
(Report ITU-R SM.2256):

- Frequency channel occupancy: A frequency channel is occupied as long as the
measured level is above the threshold.

- Frequency band occupancy: The occupancy of a whole frequency band counts
every measured frequency and calculates a total figure in percent for the whole
band, regardless of the usual channel spacing.

- Spectrum resource occupancy: The ratio of the number of channels in use to the
total number of channels in a whole frequency band.

- Spectrum utilization efficiency (SUE)

SUE is a measure of spectrum efficiency given as the ratio between the useful effect
obtained by the radio systems through the utilization of the spectrum and the spectrum
utilization factor (Recommendation ITU-R SM.1046). Considering a CRS that operates
at a particular frequency, at a given location, and at a particular time, the spectrum
utilization factor is defined as the product of the bandwidth, the geographic space, and
the time. The useful effect for CRSs (and mobile systems in general) increases with the
amount of information that can be transferred.

The first metric describes how efficiently a spectrum band is used in the course of time by all
radiocommunication systems that are allowed to use it. The second metric describes the spectral
efficiency of a CRS but it may not be valid for all applications. It may be used to study and compare
the efficiency of different CRSs providing the same service or a CRS with another system providing
the same radiocommunication service.

8.1.2.1 Metrics for performance evaluation in the context of spectrum sharing and
coexistence

Performance metrics in the context of spectrum sharing refer to the situation between a LMS
employing CRS capabilities and other systems operating in co-channel frequency bands. Sharing
considerations are particularly important as the protection of the existing radio systems in co-
channel bands may influence the performances of the CRS.

Performance in the context of spectrum sharing may be evaluated e.g. in terms of:
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- SINR degradation

Reduction in SINR in the radio systems involved in sharing.
- Co-channel interference

The interference between different radio systems utilizing the same frequency bands.
- Sharing delay

Set of delays due to the sharing and coordination mechanisms. It may include the delays
related to the channel access, channel evacuation and others. Metrics to evaluate the net
transmission time that may occur during the channel evacuation procedure can be
defined for interference remark purposes.

Performance metrics in the context of coexistence refer to the situation between a LMS employing
CRS capabilities and other systems operating in adjacent frequency bands. Coexistence
considerations are particularly important as the protection of the existing radio systems in adjacent
bands may influence the performances of the CRS.

Performance in the context of coexistence may be evaluated e.g. in terms of:
- SINR degradation

Reduction in the SINR in the coexisting radio systems.
- Adjacent channel interference

The interference between different radio systems utilizing adjacent frequency bands.

8.2 Benefits of CRSs

In Report ITU-R M.2225 an initial set of CRS benefits have been identified. This section further
expands and develops on the potential benefits.

Cognitive radio systems are expected to increase the efficiency of the overall radio resources

(e.g. including spectrum) usage by offering new and enriched radio resource management
mechanisms and also to provide more flexibility to applications as a result of their ability to adapt
their operations e.g. to external and internal factors. CRSs are enablers for technological evolution
of wireless technologies and are likely to become a key means for future innovation of LMS radio
systems.

8.2.1 Benefits related to vertical and horizontal spectrum sharing

CRS could be an enabler for vertical and horizontal spectrum sharing to allow more flexible access
to spectrum. The benefits associated with vertical and horizontal spectrum sharing include:

- Interference minimization: for example when utilizing CRS capability of obtain
knowledge like database, the CRSs will get information on the current protection
requirements thus adapting the radio systems to operate in accordance within the given
rules and policies.

- Efficient spectrum use: enabling radio systems to share spectrum with each other leads
to increased efficiency of spectrum use. Additional spectrum can be made available by
allowing radio systems to share spectrum with other radio systems (vertical sharing) on
a geographical or time basis. This can lead to capacity enhancements for the system
employing CRS technologies.

- Flexible operations: in sharing and coexistence situation CRS system would have
advantages over conventional radiocommunication systems. As CRS technology is
flexible and could operate over various system configurations and with its advance
capabilities in obtaining knowledge and adapting dynamically to policies, information
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shared between the involved CRS nodes would ensure that the relevant nodes have the
most accurate information of available spectrum in a timely manner.

8.2.2 Optimization of the system operator network

In general, the main challenge from system operator perspective is to answer user needs in a timely
and adapted manner satisfying the requirements in terms of capacity and QoS. A CRS having the
potential to obtain knowledge from and analyse the radio operational environment, can make the
system operator's network react accordingly by optimizing the choice of radio access technologies
and associated radio resources. Some of the potential benefits that a CRS may introduce are the
following [58]:

- Dynamic spectrum reconfiguration: a particular situation is that of spectrum
reconfiguration in the context of technology evolution and periodical emergence of new
families of standards. This implies their progressive introduction/coexistence in the
legacy "bands" rather than a simple and quick switchover which is not appropriate due
to the large amount of legacy equipment and the corresponding investments. A CRS
may allow a smooth spectrum transition period in this case taking into account the
traffic constraints and user requirements.

- Radio Resource optimization: considering a cell set in a certain area, the traffic of
different services on a specified RAT may change from one sub-area to another
according to the day period. Moreover, in case of deployment of different RATSs in the
same area, the offered traffic of different services may vary depending on the RAT in
both time and space domains. In such contexts, a CRS may provide to the network
operator the means for managing in an efficient and dynamic way the radio resources
(e.g. reducing of radio access blocking percentages, redistributing resources among
different RATs and/or minimizing system interference problems, energy saving
purposes, etc.).

- Enabler for dynamic device context provision: considering a heterogeneous or multi-
RAT context managed by an operator in which radio resource management mechanisms
could be performed dynamically in time (e.g. spectrum refarming, radio resource
optimization, etc.), solutions to provide appropriate information for the mobile devices
operations are needed. In this context, a CRS may provide the tools to achieve such
objective in an efficient manner e.g. through the utilization of an in-band control
channel.

9 Factors related to the introduction of CRS technologies and migration
aspects

In this section, factors related to the introduction of CRS technologies are discussed followed by
related migration issues. Some the factors being introduced are currently under practice in today’s
LMS networks, i.e., pre-cognitive features already exist in current practice. On the other hand some
other factors are not yet introduced and still subject to further study and investigations.

9.1 Introduction of CRS technologies to current radiocommunication systems

In Report ITU-R M.2225, four different deployment scenarios for a CRS were identified. Each of
these four scenarios is summarized below for which there will be different factors related to the
introduction of CRS in the LMS. In the following, these factors are discussed.

Scenario 1: Reconfiguration of connections between terminals and radio systems.
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Multiple radio systems employing different radio access technologies (RATS) are deployed on
different frequency bands to provide wireless access. For this scenario factors would include but are
not limited to e.g. terminals should be reconfigurable, able to obtain knowledge and able to adjust
operational parameters and protocols dynamically and automatically. Also the terminals may be
equipped with learning capability. Other enabling factors to improve the performance of the CRS in
scenario 1 include radio interface enhancements and network architectural changes to enable radio
systems to assist terminals in obtaining knowledge and guide terminals in their reconfiguration
decisions.

Scenario 2: An operator of a radiocommunication system improving the management of its
spectrum.

A network operator managing two or more RATSs can dynamically and jointly manage the resources
of the deployed RATS. For this scenario operator benefits from techniques such as traffic pattern
recognition and prediction, load balancing algorithms between RATs and RAT reforming.

These techniques are currently under discussion in standardization bodies, and some deployments
of techniques are foreseen in the near future.

Scenario 3: An enabler of cooperative spectrum access.

Utilizing parts of the spectrum remaining unused due to variations in the spectrum occupancy using
CRS technology. Enabling factors for the scenario include:

- exchange of spectrum use information among systems;
- identification of spectrum occupancy variations;
- sharing mechanisms between a CRS and non-CRS or between CRSs.

Scenario 4: An enabler for opportunistic spectrum access.

The CRS accesses parts of unused spectrum in bands shared with other radio systems and services
without causing harmful interference. Enabling factors for the scenario include:

- methods to obtain knowledge;
- sharing mechanisms between a CRS and non-CRS or between CRSs.

9.2 Migration aspects

Traditionally in the development of LMSs, backwards compatibility has been an important design
criterion and continues to be important along with the introduction of CRS technology. It is likely
that intelligence by using the CRS technology will be added to the systems in a step-by-step fashion
by gradually enhancing conventional systems with new features of CRS technology.

The introduction of CRS technology into a radio system will differ depending on the considered
scenarios and related applications and will require specific CRS capabilities and enabling
technologies to be implemented. In addition, some applications may require the introduction of
CRS technology on the network side only, others on the mobile devices only, and others may
require on both sides.

The introduction of CRS technology on the network side may take the advantages of having low
power and size restrictions while, on the contrary, such aspects may have bigger impacts on the
mobile devices side. Despite that, the introduction of CRS technology on the network side or
mobile devices (or either) will depend on the specific application. In both cases, the operations
compatibility with other radio system (i.e. network and mobile devices) not employing CRS
technologies should be anyway guaranteed. Taking into consideration such aspects, it is anyway
quite straight forward that the introduction of the CRS technology on both network and devices side
would have the merit to exploit the CRS capabilities in a more efficient way. For example, related
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to the obtaining knowledge capability, the system would get information on radio environments
both from the network and mobile devices side so that decision making, adjustment of the
operational parameters and learning capabilities could then take advantage of it.

The obtaining knowledge capability implies information exchange between different nodes and its
introduction into a radio system is foreseen most impacting when considering spectrum sharing
applications. In fact, in such contexts, mechanisms for the exchange of protection requirements
information between systems (e.g. by using database) and technical solutions to avoid harmful
interference, QoS degradation and to guarantee an overall efficient spectrum use are needed.

This inter-system information exchange could be realized at different hierarchy levels which call for
different level of changes to the system architecture and interfaces for information exchange. The
evolution path could be envisaged to move from information exchange between databases, between
network controllers or between the radio access networks themselves. The information exchange
between databases could be implemented with additional functionalities on top of existing LMS
systems whereas the cooperation between radio access networks would require standardized
interfaces and more substantial changes to current systems.

10 Conclusion

This Report has addressed the cognitive radio systems (CRSs) within the land mobile service
(LMS) continuing the work of Report ITU-R M.2225 that provided an introduction of CRSs in the
LMS. The focus has been on providing an in-depth analysis of the application areas and technical
features of CRSs in the LMS excluding IMT but many of the findings may also be applicable to
IMT systems.

This Report has presented several applications of the CRS capabilities that consist of obtaining
knowledge, decision making and adjustment and learning. Existing, emerging and potential future
applications of the CRS capabilities have been presented to show that there already exist CRS
applications within the LMS and there is potential for new application areas.

This Report has also presented a detailed description of the CRS capabilities and related enabling
technologies. Particular sets of CRS capabilities and technical solutions may be needed to enhance
spectrum sharing, coexistence and radio resource management on more dynamic basis, depending
on particular bands and applications. The introduction of the CRS capabilities into the LMS would
have the potential to offer considerable benefits across a broad range of improvements in the system
performance and increased flexibility to respond to the operational environment. For example,

the CRS capabilities may facilitate vertical and horizontal spectrum sharing, coexistence and radio
resource management on more dynamic basis. For these purposes radio systems employing CRS
techniques may operate with other radio systems that are not necessarily employing CRS
technologies, as well as with other radio systems employing CRS technologies.

CRSs are expected to increase the efficiency of the overall radio resources (e.g. including spectrum)
usage by offering new and enriched radio resource management mechanisms and also to provide
more flexibility to applications as a result of their ability to dynamically adapt their operations e.g.
to external and internal factors. Thus CRSs are enablers for technological evolution of the future
wireless technologies and are likely to become a key means for future innovation of land mobile
radio systems.
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Al
ASM
BAN
BS
BWA
CBS
CCC
CCN
CDMA
CMN
CPC
CR
CRS
CSMA
CWN
CPU
D/A
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HW
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Analogue to Digital

Alternating Current

Acrtificial Intelligence

Advanced Spectrum Management

Basic Access Network

Base Station

Broadband Wireless Access

Cognitive Base Station

Cognitive Control Channel

Cognitive Control Network

Code Division Multiple Access

Cognitive Mesh Network

Cognitive Pilot Channel

Cognitive Radio

Cognitive Radio System

Carrier Sense Multiple Access

Composite Wireless Network

Central Processing Unit

Digital to Analogue

Digital Audio Broadcasting

Dynamic Frequency Selection

Dynamic Network Planning

Digital Radio Mondiale

Digital Video Broadcasting — Handheld
European Telecommunications Standards Institute
Evolved UMTS Terrestrial Radio Access
Fast Fourier Transform

Frequency Hopping

Flexible Spectrum Management

Flexible Spectrum Use

Global Positioning System

Global System for Mobile Communications
Harmonized Standard

Hypertext Transfer Protocol

Hardware

The Institute of Electrical and Electronics Engineers
Internet Engineering Task Force
International Mobile Telecommunications
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IPv6
JRRM
LAN
LMS
LTE
MAC
MBMS
MIHF
MT
MUE
MWR
NAT
NRM
O&M
OSM
PAWS
PDA
PMSE
PSD
QoS
RAN
RAT
RBS
RF
RLAN
RMC
RRC
RRM
RRS
SDR
SHA
SINR
SNR
SOR
SUE
T-DMB
TMC
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Information Manager
Internet Protocol version 6
Joint Radio Resource Management
Local Area Network
Land Mobile Service
Long Term Evolution
Medium Access Control
Multimedia Broadcast/Multicast Service
Media Independent Handover Function
Mobile terminal
Multi-radio User Equipment
Mobile Wireless Router
Network Address Translation
Network Reconfiguration Manager
Operation & Maintenance
Operator Spectrum Management
Protocol to Access White Space databases
Personal Digital Assistant
Programme Making and Special Events
Power Spectrum Density
Quality of Service
Radio Access Network
Radio Access Technology
Reconfigurable Base Station
Radio Frequency
Radio Local Area Network
RAN Measurement Collector
RAN Reconfiguration Controller
Radio Resource Management
Reconfigurable Radio Systems
Software-Defined Radio
Signalling Home Agent
Signal to Interference and Noise Ratio
Signal to Noise Radio
Service-Oriented Radio
Spectrum Utilization Efficiency
Terrestrial - Digital Multimedia Broadcasting
Terminal Measurement Collector
Transmit Power Control
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TRC
TRM
TV
UHF
UMTS
USB
VHF
VolP
WIMAX
WRAN
WSD
WSDB
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Terminal Reconfiguration Controller

Terminal Resource Manager

Television

Ultra High Frequency

Universal Mobile Telecommunications System

Universal Serial Bus

Very High Frequency

Voice over IP

Worldwide Interoperability for Microwave Access

Wireless Regional Area Network

White Space Device

White Space Database
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ANNEX A

Conceptual relationship between SDRs and CRSs

Software-defined radio (SDR) is recognized as an enabling technology for the CRSs. SDRs do not
require CRS technologies for operation. One can be deployed/implemented without the other.

In addition, SDRs and CRSs are at different phases of development, i.e., radiocommunication
systems using SDR applications have been already utilized and CRSs are now being researched and
applications are under study and trial.

Furthermore, SDRs and CRSs are not radiocommunication services but are technologies that can be
implemented in systems of any radiocommunication service. Moreover, it is seen that SDRs and
CRSs are two technologies which can be combined.

From the viewpoint of the progression in the development of SDRs, the signal processing
technology has played major role, because it enhanced the digitalization of the communication
equipment. Therefore, several kinds of signal processing become to be possible, which are not
attainable by the analogue devices. At the initial stage of the SDR development, analogue devices
are replaced to signal processor and A/D and D/A converters. Then, signal processing can be
controlled by the CPU (Central Processing Unit) with intelligence.

Considering these development steps, SDRs may be the basis of a CRS, although it is also said that
the SDRs and CRSs are not dependent with each other. SDRs are one of the tools for realization of
the reconfiguration functions.

One example of conceptual relationship is depicted in Figure A.1. SDR is the composite entity of
the hardware, software and processing capability, which provide the capability of adjustment for the
CRS to achieve the predefined objectives. For such objectives the CRS will obtain knowledge
regarding the operational and geographical environment, learn from the results obtained, and
furthermore adjust its operational parameters and protocols, e.g. modulation scheme.
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FIGURE A.1

Example of conceptual relationship between CRSs
and SDRs
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ANNEX B

An example of geolocation database controlled equipment

B.1 Introduction

ETSI has developed EN 301 598 the harmonized standard (HS) for white space devices (WSDs)
operating in the UHF TV band (470-790 MHz). This harmonized standard is the key element in the
regulation of WSDs in Europe. This section explains the framework under which ETSI compliant
WSDs will operate, and provides an overview of the requirements in the HS.

B.2 Background

The European regulatory regime for the use of wireless devices was designed with the aim of
removing the need for national type approval of devices. In this regime, manufacturers are required
to self-declare conformance to the “essential requirements” of the Radio and Telecommunications
Terminal Equipment Directive (R&TTE Directive) via a number of possible routes. The primary
route is through compliance with a HS developed by European Standards Organizations. HSs that
address the requirements of Article 3.2 of the Directive (effective use of the spectrum to avoid
harmful interference) are normally produced at ETSI. These typically include RF requirements,
such as transmitter power and unwanted emissions.

Once the ETSI Standard has completed the approval process and is cited in the Official Journal
(QJ), equipment manufacturers could use it to show compliance with the requirements of the
R&TTE Directive. Devices compliant with the requirements of the Directive can be put into the
European market — although actual use will be subject to the authorisation regimes of each member
state.

In practice, citation in the OJ means that manufacturers have a well-defined set of technical
requirements that TV WS equipment needs to comply with. This facilitates the development process
and greatly reduces the risk that different member states come up with different requirements.

EN 301 598 differs from past ETSI HSs, in the sense that it targets the interactions between a WSD
and a white space database (WSDB) in addition to the usual specification of RF limits. This is
because the European framework for access to TV white spaces stipulates that the limits on the
radiated frequency and power of a WSD shall not be fixed, but dynamically calculated by a WSDB
on the basis of the WSD’s location, technical characteristics and requirements for protection of the
incumbent users. The novel features detailed in this standard set the precedents that could be used in
future standards.

B.3 Framework for operation in the TV White Spaces

EN 301 598 is based on a framework for access to TVWSs which involves the following four
entities:

1) WSDBs provide operational parameters that allow WSDs to transmit without causing
undue interference to primary users.

2) WSDB regulatory listing identifies the WSDBs that are authorized by a national
regulatory authority (NRA) to provide service in the relevant jurisdiction.

3) Master WSDs are geolocated devices capable of communicating with a WSDB and of
accessing the regulatory list.

4) Slave WSDs are devices that do not communicate directly with a WSDB, but instead

operate under the control of a master WSD.
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WSDBs and master WSDs exchange information to determine the parameters of the radio
transmissions, EN 301 598 specifies three datasets for this:

Device parameters (DPs) are the parameters that WSDs will communicate to a WSDB
in order to provide the WSDB with relevant information about the device. These
parameters include the technical characteristics of the device and its location.

Operational parameters (OPs) are generated by a WSDB and communicated to
WSDs. They specify the radio resources (frequencies and powers) and other instructions
which WSDs must comply with. There are two types of operational parameters:

. Specific operational parameters. The WSDB derives these for a particular WSD,
on the basis of the WSD’s specific device parameters.
. Generic operational parameters. The WSDB derives these for all slave WSDs

operating in the coverage area of a master WSD. These are derived from the
characteristics of the master WSD, and assumed default (cautious) slave device
parameters.

Channel usage parameters— These are reported back by a WSD to a WSDB to inform
of the actual radio resources that it will use.

The framework assumes a typical sequence of events in the interactions between the four entities.
This is described below and illustrated in Figure B.1.

1)

2)

3)

4)

Database identification. The master WSD must obtain the list of the WSDBs approved
to operate in the regulatory domain. The list is hosted by the relevant NRA (as is the
case of the UK) or by a trusted party, and accessible over the internet. The master WSD
selects a WSDB from the list for its operations.

Specific operational parameters for a master WSD. The master WSD communicates
its device parameters — which include its location — to the chosen WSDB. The WSDB
will generate the operational parameters on the basis of the information provided by the
master WSD, and the information that it holds about the primary users. The operational
parameters will include a range of channels and powers. The master device must select
which of those it will use, and report its choice to the WSDB by means of the channel
usage parameters. The device can then start transmissions.

Generic operational parameters for slave WSDs. These parameters identify the
resources that any slave WSD in the coverage area of master WSD can use. The master
WSD will make a request for these parameters to the WSDB, which will use the
information about the master WSD to calculate the master’s coverage area. The WSDB
will then calculate the generic operational parameters by assuming a) that slaves may be
at any location within the master’s coverage area, and b) default conservative values for
the DPs of the slaves. At this stage the WSDB does not know anything about the slave
WSDs that could be using these parameters. The WSDB will then send the generic
operational parameters to the master WSD, and the master WSD will broadcast them to
its coverage area.

Association of a slave WSD with a serving master WSD. When switched on, a slave
WSD will listen for a master’s broadcasts. It will then use the channels and powers
identified in the generic operational parameters to associate with the master WSD. This
means that it will communicate its unique device identifier, or the full set of its device
parameters. The slave WSD may now continue to use the radio resources identified in
the generic operational parameters for data transmissions, or alternatively it may request
specific operational parameters.
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5) Specific operational parameters for a slave WSD. The radio resources allowed by the
generic operational parameters will be limited because they are based on conservative
assumption. A slave WSD whose device parameters are better than these assumptions,
in particular a device that can accurately locate itself, may provide its parameters to the
WSDB to gain access to more resources. For this, a process similar to obtaining specific
operational parameters for a master WSD will be followed.

FIGURE B.1

Framework for operation in the TV whites spaces and typical sequence of operation
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B.4 Device requirements in EN 301 598

EN 301 598 includes several requirements. It first defines that devices can be of two types — A and
B, next specifies a number of RF requirements which are not unlike those of traditional harmonised
standards, and finally it includes several non-RF requirements to deal with the fact that the radio
parameters are communicated by a database. This section summarises these requirements.

B.4.1 Device types

EN 301 598 defines two types of WSDs:

- A Type A WSD is a device that is intended for fixed use only. This type of equipment
can have integral, dedicated or external antennas.

- A Type B WSD is a device that is not intended for fixed use and which has an integral
antenna or a dedicated antenna.

The key differentiator between the two classes is the type of antenna that the device supports. In this
context, an integral antenna is designed as a fixed part of the equipment and that cannot be
disconnected. An external antenna is removable antenna which is designed for use with a broad
range of radio equipment, i.e. it has not been designed for use with a specific product. And a
dedicated antenna is removable antenna supplied and assessed with the equipment, designed as an
indispensable part of the equipment.
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The classification also corresponds to the applications that have so far have been identified.
Professional installations, such as a base station serving rural broadband customers, will most likely
be Type A devices. Type B WSDs correspond to mobile/portable equipment such as handsets,
dongles, or access points which do not require installation and can be mass market. EN 301 598
requires these devices to have non-detachable antennas, to mitigate the risk of the end user
tampering with the antenna.

B.4.2 RF requirements

As with past standards, the RF requirements in EN 301 598 address the prevention of harmful
interference by ensuring that the wanted radiated power, and the unwanted radiated power (inside
and outside the band) do not exceed specific limits.

The specifications of limits outside the UHF TV band are relatively straightforward, and are defined
in the same manner as existing HSs, and include limits on transmitter/receiver spurious emissions
and transmitter inter-modulation. On the other hand, the limits inside the UHF TV band are more
complex. This is fundamentally because a WSD may operate in a single digital terrestrial television
(DTT) channel, or simultaneously in a group of contiguous DTT channels, or in multiple non-
contiguous DTT channels, or a mixture of contiguous and non-contiguous DTT channels. The key
RF requirements are the following.

B.4.21 Nominal Channel

A Nominal Channel is defined as one or more contiguous DTT channels that are used by a WSD for
its wanted transmissions. Its lower and upper edge frequencies must coincide with the European
harmonized DTT channel raster. The EN requirements are:

. The Nominal Channel Bandwidth used by a WSD shall not exceed the Maximum
Nominal Channel Bandwidth specified by the WSDB.
. The Total Nominal Channel Bandwidth, which is the sum of the bandwidth in all

Nominal Channels, shall not exceed the Maximum Total Nominal Channel Bandwidth
specified by the WSDB.

B.4.2.2 In-block power and power spectral density

The WSDB will communicate to the WSD the following two power limits for each DTT channel
where operation is possible:

. Po (dBm /100 kHz) Maximum in-block RF e.i.r.p. spectral density for each DTT
channel edge frequency pair.
. P1 (dBm) Maximum in-block RF e.i.r.p. for each DTT channel edge frequency pair.

The requirement of EN 301 598 is that the device must not exceed the levels communicated by the

WSDB. In particular, the RF power spectral density in any 100 kHz bandwidth withina DTT

channel shall not exceed the level Py specified by the WSDB for that channel.

B.4.2.3 Unwanted emissions inside the band

The out-of-block e.i.r.p. spectral density, Poog, of a WSD shall satisfy the following requirement:
Poos (dBm /(100 kHz)) < max{ Pig (dBm /(8 MHz)) - ACLR (dB), - 84 (dBm /(100 kHz)) }

where P g is the in-block e.i.r.p. spectral density over 8 MHz, and adjacent channel leakage ratio
(ACLR) is outlined in the Table I below for different device emission classes. Each out-of-block
e.i.r.p. spectral density is examined in relation to P, in the nearest (in frequency) DTT channel
used by the WSD.
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The device class is part of the device parameters communicated to the WSDB, which will use the
information in calculating operation parameters. Class 1 devices have the most stringent emission
mask and will benefit from increased TVWS availability.

Table B.1 ACLR for different device emission classes.

Where Pgog falls within the ACLR (dB)
nth adjacent DTT channel
(based on 8 MHz wide Class 1 Class 2 Class 3 Class 4 Class 5
channels)
n==+1 74 74 64 54 43
n=x+2 79 74 74 64 53
n>+3orn<-3 84 74 84 74 64

The absolute threshold of -84 dBm/(100 kHz) is to take into account the difficulty in maintaining a
high leakage ratio at very low in-block e.i.r.p.s.

B.4.3 Data communication requirements

The objective of EN 301 598 is that the WSDs only communicate with approved WSDBs, and then
provide the necessary device parameters to the WSDB and operate in accordance with the
information received from the database.

EN 301 598 defines the contents of the operational parameters, the device parameters and the
channel usage parameters, but their detailed specification (such as the format and size of the data) is
left to the protocols that devices and WSDBs will use to communicate (such as Internet Engineering
Task Force Protocol to Access White Spaces (IETF PAWS)).

B.4.3.1 Database identification

Database identification is the process by which a master WSD consults the list of WSDBs that have
been approved by the relevant NRA for the provision of services at the geographical location of the
master WSD.

At start up, and before initiating any transmissions, a master WSD must locate and consult the list.
EN 301 598 further specifies that the master WSD must not transmit if it cannot consult the list, and
that it must not request parameters from a WSDB that is not on the list. In addition, the master
WSD must re-consult the list with a frequency that is specified in the list itself, and that would
normally be in the order of one or several days.

The internet address for the lists for the various regulatory domains is provided in
ETSI TR 103 231.

B.4.3.2 Data exchange and compliance with parameters

The dynamic nature of frequency and power allocations to WSDs led ETSI to specify precise
requirements for the exchange of parameters between WSDBs and WSDs and subsequent
compliance with OPs. However, EN 301 598 is not prescriptive about the sequence, or about the
name and format of the parameters. Instead, the requirements are about what parameters a device is
allowed to use, and what parameters it must communicate to other entities. These requirements can
be summarised as follows:

- A WSD shall only transmit in accordance with operational parameters that it has
received from a WSDB.
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- A master or a slave WSD that require specific operational parameters from a WSDB
must report their device parameters to the WSDB. A slave WSD that intends to use the
generic operational parameters broadcasted by a master must report its unique device
identifier (although it may report the rest of the device parameters if it wishes to).

- A master WSD must communicate its channel usage parameters to the WSDB prior to
transmission, and slave device must do the same to the serving master WSD.

- A master WSD must relay the parameters between the WSDB and slave WSDs that it
serves.

B.4.3.3 Master and slave WSD update

NRAs have stated that it should be possible to switch off a device within a short time for
interference management purposes. For this, EN 301 598 requires a master WSD to support an
update function, through which a WSDB can inform that the OPs of the master WSD and its served
slave WSDs are no longer valid.

In addition, there are requirements to automatically stop transmissions when the connection
between the master WSD and the WSDB s lost, and where the slave WSD stops receiving the
signal of the serving master WSD.

B.4.4 Other requirements

Accurate location of devices is an important element of operation under the framework. Also,
special attention must be given to avoid the end user tampering with the elements of the device that
are used in determining the operational parameters. The EN 301 598 includes specific requirements
in these areas.

B.4.4.1  Geolocation requirements

A key element in the operation of WSDs is the ability of the WSDB to provide OPs on the basis of
the location of the WSD. Not all WSDs are required to geolocate, though. The broad location of
slave WSDs can be derived from an estimate of the coverage area of the serving master WSD, and
hence slave WSDs are not required to have this capability. On the other hand, the location of the
master WSDs must be known by the WSDB in order to calculate operational parameters for it and
generic operational parameters for the slave devices that it serves. Therefore, EN 301 598 requires
master WSDs to have this capability.

In addition, WSDs which geolocate must check its location at least every 60 seconds and renew the
parameters if they move away from the location originally reported to the WSDB.

B.4.4.2 User access restrictions and security measures

An important concern from the perspective of interference to incumbent primary services is the risk
of users tampering with the WSDs. If a WSD user is capable of bypassing the process of receiving
parameters from a WSDB, or is capable of inputting bogus device parameters into the WSD, then
serious interference could result. For this reason, EN 301 598 contains strict requirements to avoid
the users gaining access to the configuration of the WSD, and to ensure that communications with a
WSDB are secured and authenticated.
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ANNEX C

Examples of improved spectrum usage efficiency enabled by cognitive networks

This Annex provides examples to illustrate the importance of the CRS technology employed by the
operators to improve spectrum utilization and traffic load distribution.

An operator today must manage a heterogenic radio environment due to its multiple services,

different network architectures, various multiple access techniques and multiple frequency bands.
Intra-operator spectrum pooling enabled by a CRS is becoming essential in order to balance the
load of the different networks that represent different technologies and different generations.
Spectrum pooling also can increase the utilization of the scarce resources available.

The continuing growth of mobile radio systems is driving demand for more efficient use of
spectrum. Spectrum pooling is a novel approach to radio resource management enabled by a CRS.
A simple example to show the benefits of spectrum pooling enabled by a CRS is shown below.

In this calculation the resource needed for each call is assumed to be one channel. It is assumed that
there are two different groups of spectrums available. Each spectrum group has 18 channels.
It is also assumed that the performance criterion is not to exceed 1% probability of blocking.

Example 1

Two groups of spectrum that are completely partitioned. Each spectrum group is assumed to
support 10 identical calls at 1% probability of blocking:

Spectrum are not shared: each group is fully utilized

Spectrum are pooled

Group 1 Group 2 Group 1 + Group 2 Group 1 + Group 2
10 calls 10 calls 20 calls 25 calls
18 channels 18 channels 36 channels 36 channels

Utilization = 55%

Utilization= 55%

Utilization = 55%

Utilization = 69%

Example 2

Two groups of spectrum that are completely partitioned. It is assumed that the first group is not
fully utilized, where the number of calls serviced is = 2 calls; and group 2 is overloaded (more than
10 calls) which resulted in unacceptable probability of blocking (higher than 1%)

Each group is assumed to support 10 identical calls at 1% probability of blocking.

Resources are not shared: group 1 is not fully utilized

Resources are pooled

Group 1 Group 2 Group 1 + Group 2 Group 1 + Group 2

2 calls 10 calls 12 calls Can support up to 25 calls (2 calls
from group 1 and 23 calls from
the overloaded group 2)

18 channels 18 channels 36 channels 36 channels

Utilization = 11%

Utilization = 55%

Utilization = 33%

Utilization = 69%
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ANNEX D
Further details on CCC

This Annex contains additional information on main functionalities and operation procedure of
CCC which was introduced in section 6.1.1.1.

D.1 Main functionalities of the CCC
In terms of functionality, the CCC may:

1) enable information exchange between independent and/or heterogeneous CRSs which
operate in the same area;

2) provide support for sharing and coexistence of the CRSs by enabling networks to
exchange information of the network capabilities and characteristics, and spectrum use
and;

3) provide support for efficient spectrum use by enabling CRSs to exchange information
about spectrum use, and to share policies, etiquettes, and spectrum sensing outcomes;

4) enable collaborative spectrum sensing. The networks operating in the same area may

agree on a common quite period when they can sense the interferences e.g. from
primary spectrum users or other CRSs which are not connected to the CCC. Exchanging
the sensing outcomes enables a network to gain more, and more reliable, information on
the radio environment;

5) provide support for self-configuring networks by enabling CRSs to exchange and access
information about radio environment, use the information to identify optimal spectrum
resources, and agree on the spectrum sharing with other networks;

6) provide support for efficient discovery of networks or devices to connect to.

The messages and the protocols to discover other independent and/or heterogeneous networks in the
area and to exchange the information with them should be defined.

D.2 CCC operation procedure

Typical applications of the CCC in an environment of independent and/or heterogeneous networks
are illustrated in Figure D.1. The nodes exchange cognitive control information to each other over
the illustrated CCC physical or logical connections. In the physical implementation option,

direct CCC connections may be formed over low power local connectivity technology between the
networks. In the logical channel implementation option of the CCC, internet servers supporting the
logical CCC communication facilitate the connections between the nodes operating in the same
geo-location area.
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FIGURE D.1

Cognitive control channel used for enhancing coexistence between heterogeneous networks

EEE  CCC entity in radio network or in internet server
<— CCC connections with physical CCC approach
< — — CCC connections with a logical CCC approach

Based on [26] and [27], which introduce requirements and information flows for sharing and
coexistence communication, the CCC operations can be organized in four phases:

- initiate CCC;

- discover other nodes;

- connect to the relevant nodes;

- exchange and receive information with the relevant nodes.

The decision in each of the different phases depends on whether the physical or logical
implementation option is used for CCC.

In the “Initiate CCC” phase the CCC entity in the CRS node starts the CCC operations. In the
physical implementation option it switches on the physical radio channel which is used for CCC.
In the logical implementation option, the CCC entity in the network registers to the CCC entity in
the internet server. The geo-location area of the network is provided to the CCC entity in the
registration.

In the “Discover other nodes” phase the CCC entity acquires information of other nodes in the area.
The CCC entity may regularly enter the “Discover other nodes” phase to discover for example if
new nodes have started operation in the same geo-location area. If the physical implementation
option is used, the CCC entity scans or broadcasts messages from/to other CCC entities. This phase
includes evaluation of the signal strength and content of the broadcast messages which are received
from other CCC entities. In the logical implementation option, the CCC entity requests discovery
information from the CCC entity in the internet server that provides a list of the nodes which are
registered to operate in the same geo-location area. The list contains also information on how to
connect to the CCC entities of those nodes, e.g. internet protocol address, or address specific to
CCC system. The discovery mechanisms with different approaches are evaluated in [22].

In “Connect to the relevant nodes” phase the CCC entity determines with which nodes to exchange
cognitive control information, and creates connection to the CCC entities of those networks.
In physical implementation option, the CCC entity responds to the broadcast messages to request
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connection, and performs the required authentication procedures. Alternatively, the option to
broadcast the cognitive control information may be used. This option does not require separate
connection creation. In logical implementation option, the CCC entity connects to the CCC entities
of the relevant nodes using the addressing information provided by CCC entity in the internet server
in the “Discover other nodes” phase.

In the “Exchange and receive information with the relevant nodes” phase the CCC entity exchanges
cognitive control information over the connections which were created in the “Connect to the
relevant nodes” phase. The connections remain until they are terminated. A CCC entity may
actively terminate the connection to another CCC entity. The connection may also be terminated
passively if no messages have been exchanged before a pre-defined connection timeout.
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ANNEX E
Further details on CPC

As described in section 6.1.1.2, the CPC is a pilot channel that broadcasts radio environment
information in a CRS to facilitate the efficient operation and spectrum use. To implement CPC,
the radio environment information is organized and delivered according to the geography area.
Moreover, to achieve the operational efficiency, the main steps of the overall CPC operation
procedure have been taken into account.

E.l CPC operation procedure

When turned on, a mobile terminal or base station may not be aware of which is the most
appropriate RAT in that geographic area where it is located, or which frequency ranges the RATs
existing in that specific geographic area exploit. Indeed, in the case where Flexible Spectrum
Management (FSM) schemes are applied’, the mobile terminal or base station will have to initiate
a communication in a spectrum context which may be completely unknown.

In this case, if information about the service areas of deployed RATs within the considered
frequency range communicable from a radio terminal is unavailable, it would be necessary to scan
the whole frequency range in order to know the spectrum constellation. This may be a power- and
time-consuming effort and sometimes the search may not even be effective, as for example in the
“hidden-node” case.

In this context, a CPC should provide sufficient information to components of the CRS, including
a mobile terminal, so that it can initiate a communication session optimised to time, situation and
location. The CPC broadcasts relevant information with regard to frequency bands, RATS,

load situation etc. in the terminal location.

The envisaged CPC operation procedure is organized into two main phases, namely the “start-up”
phase and the “ongoing” phase:

- For the “start-up” phase: after switching on, the node of the CRS (e.g. terminal) detects
the CPC and optionally could determine its geographical information by making use of
some positioning system. The CPC detection will depend on the specific CPC
implementation in terms of the physical resources being used. After detecting and
synchronizing with the CPC, the node of the CRS (e.g. terminal) retrieves the CPC
information corresponding to the area where it is located, which completes the
procedure. Information retrieved by the node of the CRS (e.g. terminal) is sufficient to
initiate a communication session optimised to time, situation and location. In this phase,
the CPC broadcasts relevant information with regard to operators, frequency bands,
and RATSs in this geographical location (e.g. terminal location).

- For the “ongoing” phase: once the terminal is connected to a network or CRS base
station is on operation, a periodic check of the information forwarded by the CPC may
be useful to rapidly detect changes in the environment due to either variations of the
mobile position or network reconfigurations. In this phase, the CPC broadcasts the same
information of the “ongoing” phase and additional data, such as services, load
situation, etc.

7 In this case, there is no core band for the network operation.
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Figure E.1 presents the two main phases in the CPC operation taking into account the main steps of
the overall CPC operation procedure described above. Both out-band CPC and in-band CPC are
jointly used (see [28], [29], [35] and [36]).

FIGURE E.1

CPC operation procedure
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reconfiguration management
use of the Inband @ g g
CpPC Listen to ongoing information using
the in-band CPC

E.2

Main functionalities of the CPC

In terms of functionality, the CPC:

1)

2)

3)

4)

5)

enables the nodes of a CRS (e.g. mobile terminal) to properly select network depending
on the specific conditions like for example RATS' operating frequency bands,
established policies, desired services, RAT availability, interference conditions, etc.
This provides support to Joint Radio Resource Management (JRRM), enabling a more
efficient use of the radio resources;

provides support for an efficient use of the radio resource by forwarding radio resource
usage policies from the network to the terminals;

provides support to reconfigurability by allowing the terminal to identify the most
convenient RAT to operate with and to download software modules to reconfigure the
terminal capabilities if necessary;

provides support to context awareness by helping the terminal identify the specific
frequencies, operators and access technologies in a given region without the need to
perform long time and energy consuming spectrum scanning procedures;

provides support to the network provider to facilitate dynamic changes in the network
deployment by informing the terminals about the availability of new RATs/frequencies,
thus providing support to dynamic network planning (DNP) and advanced spectrum
management (ASM) strategies, providing information of the current status of specific
spectrum bands (e.g. used or unused).
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The deployment of CPC may require information also from the existing technology. The format of
the frequency usage information as well as the spectrum band for the CPC needs to be realised in
a way that CRSs are able to access it and understand the information.

E.3 Geography-based implementations of the CPC

There is a need to organize the information delivered over the CPC according to the geographical
area where this information applies. A difference can be made between two options differing on
how they provide geographical related information.

E.3.1. Coverage area approach

The CPC content for a given geographical area is organised considering the region, under-laying
CPC umbrella, where such information has to be considered valid.

For instance, in case the CPC information is related to availability of operator/RAT/frequency the
CPC information will be organised e.g. per coverage area of each RAT.

Knowing the position of the mobile terminal is not a strict requirement for the CPC operation using
this approach, but a capability that enables higher efficiency in obtaining knowledge:

- in case positioning is not available, as long as the mobile terminal is able to receive the
CPC information, the information about the different regions in that area are available;

- in case positioning is available, a subset of the information at the actual position could
be identified. The mobile terminal could then use that information.

The structure of the CPC message includes at least the following fields:

- Operator information: operator identifier. This information is repeated for each operator
to be advertised by the CPC.

- RAT list: for each operator, provide information on available RATs. This information is
repeated for each RAT of i-th operator.

- RAT type: could be for instance “GSM”, “UMTS”, “CDMA2000”, “WiIMAX”,
“LTE”, etc.

- Frequency information: provide the list of frequencies used by the RAT,
i.e. the operating band(s).

The information above is assumed to be valid wherever the CPC is received. Nevertheless,
optionally additional information related to the local geographical deployment could be provided.

In the case of CPC In-band solution, other fields could be added to the reported ones. Such fields
could include e.g. Policies, Context Information, etc.

E.3.2 Mesh-based approach

The CPC operates in a certain geographical area that could be imagined as subdivided into meshes,
as shown in Figure E.2. A mesh is defined as a region where certain radio electrical commonalities
can be identified (e.g. a certain frequency that is detected with power above a certain level in all the
points of the mesh etc.). The mesh is uniquely defined by its geographic coordinates, and its
adequate size would depend on the minimum spatial resolution where the above mentioned
commonalities can be identified [57].
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FIGURE E.2
Geographical area of the CPC divided into meshes
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The coverage area of the heterogeneous networks could be divided into several meshes in
geographical area. Each mesh can have different operational state, such as RATS, traffic load and
etc. CPC could deliver information based on mesh-division. In the mesh division-based approach,
there are mainly three CPC information delivering approaches: broadcast CPC, on-demand CPC
and multicast CPC mode.

The multicast CPC mode is an evolution of on-demand CPC delivery mode, which adopts
point-to-multipoint information delivery approach. In this mode, the network should wait the
requests of users from the same mesh for a period time before sending the request of this mesh into
the scheduling system which would arrange the requests.

The multicast CPC utilizes the scheduling system to manage the information delivering.

The multicast CPC functionality would send the information to the scheduling system first, and then
the scheduling system would deliver the information to the terminals according to certain
scheduling policies.

The out-band CPC-cells can be divided as meshes to improve the accuracy and efficiency of the
information delivered via CPC. And the mesh division scheme provide guidelines for how to divide
meshes appropriately, in which the factors that are related to the mesh division size and have
significant effects on the accuracy and efficiency of the information delivered via CPC should be
considered, such as user density, information representation in multi-RATSs overlapped meshes,
dynamic mesh division size in multi-RATSs overlapped deployment. Furthermore, the transmission
delay of information delivery via CPC and the efficiency of overall procedure of CPC should also
be considered.

E321 Link with subdivision of meshes

The coverage area approach might be achieved through dedicated transmissions each associated
with a reference point (e.g., coordinate) and specification of the coverage area with respect to that
reference point, or alternatively might be incorporated into the mesh-based approach. If such

a capability were incorporated into the mesh-based approach, the information load (e.g., in order to
specify each coordinate reference point and associated relative coverage area) could be significant.

One alternative solution could be to develop a scheme for sub-division of meshes, whereby a small
number of bits could indicate at the start of a mesh whether it is subdivided or not, thereby allowing
for a very large base mesh size (hence, a small information load for the CPC), while also allowing
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for the subdivision of that in locations where the information is varying more densely such as urban
areas. Figure E.3 depicts one such possible scheme for the subdivision of meshes, where 2 bits are
used in each mesh to indicate whether it is subdivided or not. This Figure also shows the order in
which the information on the CPC would be transmitted under such a scheme (black arrows).

FIGURE E.3

An approach to the subdivision of CPC meshes
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E.4 Implementation example of CPC using broadcast platforms

An example of CPC implementation is to realize a coverage-area CPC as a logical channel within
some of the existing broadcast digital platforms. There are several properties that would determine
how desirable a particular broadcast technology is for this purpose. It must satisfy the driving
requirements of the CPC conceptual scheme, the main goal of which is the enabling of the transfer
to mobile terminals (MTs) of available knowledge of the operational and geographical wireless
environment, and the established policies.

The benefit of existing broadcast platforms is the possibility for the CPC to achieve a very high
level of coverage of a given area. Ideally, coverage should at least match that offered by the RATs
(e.g. mobile cellular systems) available in the area. Reception should be available indoors as well as
outdoors. Technical characteristics will need to address QoS issues to ensure geographical coverage
and mobility of MTs.

The out-of-band broadcast CPC will require a CPC receiver subsystem to be integrated into the MT.
However for some broadcast platforms, the MTs will already have relevant receiver subsystems —
to receive their other main broadcast services (e.g. video and audio broadcast) — so the extraction of
the CPC channel information will largely be a software application addition to the subsystem.
Where a receiver subsystem must be integrated, it should have minimal size, minimal power
consumption requirements, and hardware manufacturing and integration costs, all so as not to
adversely affect MT size, stored energy requirements, and manufacturing cost.

There are several seemingly suitable broadcast technologies to consider, such as the Digital Audio
Broadcasting (DAB), the Terrestrial - Digital Multimedia Broadcasting (T-DMB), the Digital Radio
Mondiale (DRM), the Multimedia Broadcast/Multicast Service (MBMS), and the Digital Video
Broadcasting — Handheld (DVB-H).
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In [60], the design and implementation of a three-layer ‘CPC over DVB-H’ system architecture is
presented and evaluated by means of a hybrid software/hardware testbed, with specific emphasis on
the CPC service layer and service descriptions.

Another promising alternative is to use the DAB standard, which since 2001 has become popular in
several countries particularly in the UK and Europe, or the T-DMB standard, which is based on
DAB with an additional Reed-Solomon (RS) forward error correction (FEC) module to improve
communication performance in wireless channels. With the increased number of mobile phones
supporting the T-DMB, the latter is seen as an attractive, early adopter, carrier technology candidate
for CPC. In [61], the design and implementation of a ‘CPC over T-DMB’ system architecture are
presented along with the concept validation through a testbed prototype platform implementation,

and performance evaluation results.

E.5 Out-band and in-band characteristics
The characteristics of out-band and in-band parts of the CPC are summarized in the following

Table E.1 (see also [29]).

TABLEE.1

Characteristics of out-band and in-band parts of the CPC

Characteristics

Outband CPC

Inband CPC

Information conveyed

Start-up information, e.g. context
information on available networks at
that location

Ongoing information, e.g. much
more detailed context
information, policies for
reconfiguration management,
etc.

Channel bit rate requirements

Initial requirements evaluations seem to conclude that relatively low bit
rate is required in case of coverage area approach, while mesh-based
approach could require a very high amount of bandwidth.

Data direction

Downlink.
Optionally uplink

Downlink and Uplink

Bearer

Most likely a harmonized frequency
band, wide-area coverage. Might be
a novel RAT, legacy mobile (e.g.
GSM) or broadcasting technology
(e.g. DVB-H and T-DMB) of
appropriate characteristics

A bearer in a operator’s network
(e.g. a logical channel mapped
on a 3G bearer)
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ANNEX F

Sensing methods

This Annex provides a non-exhaustive list of different sensing methods that are actually under
study.

Matched filter detection

The optimal detector in stationary Gaussian noise is the matched filter since it maximizes the
received SNR. The main advantage of matched filtering is the short convergence time to achieve

a certain probability of misdetection or false alarm. However, the problem with this approach is that
the perfect prior information of the signal to be detected (modulation type, order, pulse shape and
packet format, etc.) is needed. Radio networks with pilot, preambles and synchronization words and
spreading codes can use this matched filter detection. Since the CRS needs receivers for several
different signal types, the implementation complexity of sensing unit is impractically large and
various receiver algorithms also lead to large power consumption. The matched filter is also not
suitable for spectrum sensing in very low SNR regions since synchronization is difficult to

achieve [41].

Energy detection

If there is no information of the primary user signals to be detected, the optimal detection is

an energy detector. Its generic nature as well as low computational and implementation complexity
are attractive features for this case. The energy detector simply measures the energy of the received
signals and compares it to a threshold which depends on the noise floor. However, the problem with
the energy detection is that the noise floor might be unknown to the detector, thus, finding a proper
threshold is challenging though training can be done with pilot signals. Because the energy detector
is unable to distinguish between noise and interference from primary user false detection might be
triggered by unintended signals. The energy detector does not perform well in low SNR regions or
in detecting spread spectrum signals [41]. One method for using information from the energy
detector is noise floor based method where the receiver measures the cumulative RF energy from
multiple transmissions over a particular frequency spectrum and set a maximum cap on their
aggregate level. As long as a CRS node does not exceed this limit by their transmissions, it can use
that frequency spectrum.

Cyclostationary feature detection

This type of detector operates based on the cyclostationary feature of the signals. Cyclostationary
features are caused by the periodicity in the signal or in its statistics like mean and autocorrelation
or they can be intentionally induced to assist spectrum sensing. Cyclostationary feature detector can
differentiate between noise and primary users signal because noise has no correlation. It can also
classify different types of transmission and primary users [41]. It performs better than the energy
detection in terms of probability of detection particularly in low SNR region. However,

the computation complexity is relatively high and it also requires longer sensing time than energy
detector [62].

Self-correlation detection

In self-correlation detection, the decision statistic for the binary hypothesis is derived from signal
autocorrelation sequence instead of the received signal itself. The correlation lag/delay is chosen in
accordance with the maximum bandwidth of the signal involved. The decision statistic is obtained
after converting the correlation sequence to frequency domain through FFT. The scheme improves
the probability of detection compared to the energy detection in the presence of noise power
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uncertainty with less complexity compared to cyclostationary property detection. However,

if multiple primary users are present, unwanted signal due to the non-linearity of the correlation
operation arises. This would affect the performance especially if the primary users are many and
have weak signals.

Waveform based detection

Known patterns, for example, preambles, mid-ambles, regularly transmitted pilot pattern, spreading
sequences, are usually operated in wireless systems to assist synchronization or for other purposes.
In the presence of a known pattern, waveform based detection can be performed by correlating the
received signal with a known copy of itself. Compared with energy detection, this method requires
shorter measurements time and outperforms in reliability. Furthermore, the performance of the
sensing algorithm increases as the length of the known signal pattern increases [41].

Distributed sensing

Distributed sensing systems have been employed in the past for both commercial and military
services. Due to multiple factors like noise and interference, shadowing, fading and limitation of the
sensing method, it may be very difficult to use a single standalone sensor to obtain high quality of
sensing. In this case, distributed sensing can be used where each individual sensor can either be
located inside or outside the CRS node. As the name implies, the distributed spectrum sensing is
executed using multiple sensors distributed spatially. These distributed sensors may have the ability
to exchange sensing information, making decisions and relay the sensing information to the CRS
nodes. The sensing information could include sensing outcome, accuracy of results, location of
sensors, etc. The sensing information is supplied to the CRS node in a cooperative manner where
the data from all sensors is aggregated to obtain the final sensing information. Such implementation
method can dramatically improve the sensing quality of the CRS. This would relax the sensing
requirements and choice of the sensing method at each sensor. Note, however, that relaying the
sensing information requires a channel free from primary users.

Edge detection for wideband spectrum sensing

In some cases, a CRS may identify used spectrum over wide frequency bands. For spectrum sensing
over wideband channels, the edge detection approach offers advantages in terms of both
implementation cost and flexibility in adapting to the dynamic spectrum, as opposed to the
conventional use of multiple narrow-band bandpass filters. The edge detection techniques [63]

can be used to effectively detect the channel borders in power spectrum density (PSD). Therefore,
the edge detection techniques for wideband spectrum sensing can effectively scan over a wide
bandwidth to simultaneously identify all subbands, without prior knowledge on the number of
subbands within the frequency range of interest.
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V21 Vehicle-to-infrastructure
V2V Vehicle-to-vehicle

Related ITU Recommendations

Recommendation ITU-R M.1453  Intelligent Transport Systems — dedicated short-range
communications at 5.8 GHz

Recommendation ITU-R M.1890  Intelligent Transport Systems — Guidelines and Objectives

The ITU Radiocommunication Assembly,

considering

a) that standards development organizations (SDOs) are developing specific standards for
vehicle-to-vehicle and vehicle-to-infrastructure communication in the intelligent transport system
(ITS) service;

b) that using the ITU-R Recommendation identifying these standards, manufacturers and
operators should be able to determine the most suitable standards for their needs,

noting

Recommendation ITU-R M.1453, which recommends dedicated short-range communications
(DSRC) operating at 5.8 GHz,

recommends

that the radio interface standards in Annexes 1 to 4 should be used for vehicle-to-vehicle and
vehicle-to-infrastructure communication.
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ANNEX 1

ETSI standards

ETSI Standards developed for the access and media layer are based on features such as:

5,9 GHz spectrum usage;
multichannel operation;
decentralized congestion control (DCC);

coexistence of ITS and EFC (CEN DSRC) services in the 5.8 GHz and 5.9 GHz bands.

TABLE 1

Base standards for the access and media layer

Standard title

Standard
number

Intelligent transport systems (ITS);
Radiocommunication equipment operating in the 5 855 MHz to 5 925 MHz frequency band;
Harmonized EN covering the essential requirements of Article 3.2 of the R&TTE Directive

ETSI EN 302 571

Intelligent transport systems (ITS);

Access layer specification for intelligent transport systems operating in the 5 GHz frequency
band

ETSI EN 302 663

Intelligent transport systems (ITS);
Decentralized congestion control mechanisms for intelligent transport systems operating in the
5 GHz range;

Access layer part

ETSI TS 102 687

Intelligent transport systems (ITS);

Mitigation techniques to avoid interference between European CEN dedicated short-range
communication (CEN DSRC) equipment and intelligent transport systems (ITS) operating in
the 5 GHz frequency range

ETSI TS 102 792

Intelligent transport systems (ITS);

Harmonized channel specifications for intelligent transport systems (ITS) operating in the
5 GHz frequency band

ETSI TS 102 724
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TABLE 2

Testing standards for the access and media layer

Testing Standard title

Standard number

Intelligent transport systems (ITS);

Test specifications for the channel congestion control algorithms operating in the 5.9 GHz
range;

Part 1: Protocol implementation conformance statement (PICS)

ETSI TS 102 917-1

Intelligent transport systems (ITS);

Test specifications for the channel congestion control algorithms operating in the 5.9 GHz
range;

Part 2: Test suite structure and test purposes (TSS & TP)

ETSI TS 102 917-2

Intelligent transport systems (ITS);

Test specifications for the channel congestion control algorithms operating in the 5.9 GHz
range;

Part 3: Abstract test suite (ATS) and partial protocol implementation eXtra information for
testing (PIXIT)

ETSI TS 102 917-3

Intelligent transport systems (ITS);

Test specifications for the methods to ensure coexistence of cooperative ITS G5 with RTTT
DSRC;
Part 1: Protocol implementation conformance statement (PICS)

ETSI TS 102 916-1

Intelligent transport systems (ITS);

Test specifications for the methods to ensure coexistence of cooperative ITS G5 with RTTT
DSRC;
Part 2: Test suite structure and test purposes (TSS&TP)

ETSI TS 102 916-2

Intelligent transport systems (ITS);

Test specifications for the methods to ensure coexistence of cooperative ITS G5 with RTTT
DSRC;

Part 3: Abstract test suite (ATS) and partial protocol implementation eXtra information for
testing (PIXIT)

ETSI TS 102 916-3
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ANNEX 2

|IEEE standards

[Editor’s Note: Administrations, Sector Members or IEEE may wish to contribute to the
November 2013 meeting, similar to the IEEE specifications provided in Document 5A/262.]

ANNEX 3
ARIB standard

In Japan, for the use of the safe driving support systems, a part of the 700 MHz band
(755.5-764.5 MHz) has been assigned in new spectrum allocation on a primary basis in the digital
dividend band. The technical characteristics of vehicle-to-vehicle and vehicle-to-infrastructure
communications for safe driving support systems are shown in Table 3.

TABLE 3
Characteristics of the transmission scheme
Item Technical characteristic
Operating frequency range 755.5-764.5 MHz (Single channel)
Occupied bandwidth Less than 9 MHz
Modulation scheme BPSK OFDM. QPSK OFDM, 16QAM OFDM
Forward error correction Convolutional coding, rate = 1/2, 3/4
Data transmission rate 3 Mbit/s, 4.5 Mbit/s, 6 Mbit/s, 9 Mbit/s, 12 Mbit/s, 18 Mbit/s
Media access control CSMAJ/CA

Table 3 shows basic specifications of ARIB standard; ARIB STD-T1091, 700 MHz band intelligent
transport systems (ITS) which have been developed in February 2012.

A 9 MHz channel width in the 700 MHz radio frequency band will be used for the safe driving
support systems.

Data transmission rate is variable based on the selection of Modulation scheme and coding rate (R)
as follows:

- 3 Mbit/s (BPSK OFDM, R =1/2), 4.5 Mbit/s (BPSK OFDM, R = 3/4);

- 6 Mbit/s (QPSK OFDM/, R = 1/2), 9 Mbit/s (QPSK OFDM, R = 3/4);

- 12 Mbit/s (16QAM OFDM, R = 1/2), 18 Mbit/s (L6QAM OFDM, R = 3/4).

The single channel accommodates both vehicle-to-vehicle and vehicle-to-infrastructure
communications based on CSMA/CA media access control.

1 ARIB standard; ARIB STD-T109, 700MHz band intelligent transport systems
(http://www.arib.or.jp/english/html/overview/doc/5-STD-T109v1 2-E1.pdf).
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ANNEX 4
TTA standards

1 Technical characteristics

The advanced ITS radiocommunications system has to consider the described V2V/V2I
communications and its service requirements and WAVE standards for international harmonization.
In V2V applications, it is required to consider the low packet latency because the life-saving time of
safety message is useful in the span of 100 m/s. Also it requires a highly activated radio channel
when many vehicles try to activate radio channel simultaneously. In VV2I applications, it needs to
adopt the long packet transmission which includes a short message, map information and image
information to be order of 2 Kbytes in a packet size in high mobility condition.

Thus the advanced ITS radiocommunication system has the following features as shown in Table 4.

TABLE 4
Technical characteristics
Item Technical characteristic
RF frequency 5855 ~ 5925 MHz[ (experimental)]
RF channel bandwidth 10 MHz
RF Transmit power 23 dBm
Modulation type OFDM(BPSK, QPSK, 16QAM, Option : 64QAM)
Data rate 3,4.5,6,9, 12, 18 Mbit/s, Option : 24, 27 Mbit/s
MAC CSMAJCA, Option : Time Slot based CSMA/CA
Networking IPv4/1Pv6, VMP(WSMP compatible)
Multi-hop Location information based routing
2 TTA Standards related to advanced ITS radiocommunications

In the Republic of Korea, Telecommunication Technology Association (TTA) established four
standards for advanced ITS radiocommunications. The detailed information of these standards is
shown in Table 5.

TABLE 5
Base standards related to advanced ITS radiocommunications
Standard title Standard number
Vehicle communication system Stage 1: Requirements TTAK.KO-06.0175/R1
Vehicle communication system Stage 2: Architecture TTAK.KO-06.0193/R1
Vehicle communication system Stage 3: PHY/MAC TTAK.KO-06.0216/R1
Vehicle communication system State 3: Networking TTAK.KO-06.0234/R1

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0265!'MSW-E_tenasuuy 5.DOCX 15.05.15

15.05.15



-7-
S5A/TEMP/265-E

ANNEX 5

Technical characteristics of standards
Technical characteristics of each standard are shown in Table 6.

TABLE 6
Technical characteristics
Parameter ETSI (Annex 1) IEEE (Annex 2) ARIB (Annex 3) TTA (Annex 4)
Operating frequency 5855 — 5925 MHz 755.5-764.5 MHz 5855 — 5925 MHz
range (Single channel) [(experimental)]
RF channel bandwidth | 10 MHz Less than 9 MHz Less than 10 MHz
RF Transmit Max 33dBm EIRP 23dBm
Power/EIRP
Modulation scheme BPSK OFDM, BPSK OFDM, BPSK OFDM,
QPSK OFDM, QPSK OFDM, QPSK OFDM,
16QAM OFDM, 16QAM OFDM 16QAM OFDM,
64QAM OFDM Option: 64QAM
Forward error Convolutional Convolutional coding, | Convolutional
correction coding, rate = 1/2, rate = 1/2, 3/4 coding, rate = 1/2,
3/4,2/3 3/4
Data transmission rate | 3 Mbit/s, 4.5 Mbit/s, 3 Mbit/s, 4.5 Mbit/s, 3,45,6,9,12,18
6 Mbit/s, 9 Mbit/s, 6 Mbit/s, 9 Mbit/s, Mbit/s,
12 Mbit/s, 12 Mbit/s, 18 Mbit/s Option: 24, 27
18 Mbit/s, 24Mbit/s, Mbit/s
27Mbit/s
Media access control CSMA/CA CSMA/CA CSMAJ/CA,
Option: Time Slot
based CSMA/CA
Duplex method TDD TDD TDD
Packet Error Ratio 10%
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PRELIMINARY DRAFT REVISION OF REPORT ITU-R M.2228

Advanced intelligent transport systems (ITS) radiocommunications

(Question ITU-R 205-5/5)

Summary of the revision

In this revision, update information on status of advanced ITS radiocommunications is introduced in
Section 4.1.2 to reflect recent standardization activities in Japan.

[Editor’s note: Further updates in the revision are expected to reflect recent activities in each
region.]

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the
group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the
development of any further contribution on the subject.
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1 Background

Intelligent transport systems (ITS) are applied to services such as the provision of road traffic
information and electronic toll collection, and deployed in many countries by using dedicated
short-range communications (DSRC) or cellular phone systems. ITS have now become

an important social infrastructure.

Several ITS relevant ITU-R Recommendations exist as listed below:

- ITU-R M.1890: Intelligent transport systems — Guidelines and objectives

- ITU-R M.1452: Millimetre wave radiocommunication systems for Intelligent
Transport Systems applications

- ITU-R M.1453: Intelligent Transport Systems — dedicated short-range
communications at 5.8 GHz-

- ITU-R M.[V2X] Radio interface standards of vehicle to vehicle and vehicle to
infrastructure communications for intelligent transport systems
applications.

Recommendation ITU-R M.1453 — DSRC at 5.8 GHz, which supports a maximum data
transmission rate of 4 Mbit/s, was limited to DSRC operations in the ISM band.

To extend beyond the existing ITS applications and to achieve traffic safety and reduce the
environmental impact by the transportation sector, both R&D in and standardization of advanced
ITS radiocommunications are expected, including not only roadside-to-vehicle communications but
also vehicle-to-vehicle direct communications with a few hundred milliseconds or lower latency
and with a few hundred metres or longer communication distance. To accommodate hundreds of
vehicles in the communication range and to exchange their information in such a short latency,
higher data rate wireless access technology is required for advanced ITS radiocommunications.

Studies and feasibility tests on advanced ITS radiocommunications have been actively conducted
towards the realization of traffic safety and a reduction of the environmental impact.

As a result, recently, major progress has been made in R&D activities on advanced ITS
radiocommunications in several regions including North America, Europe and Asia-Pacific Region.
Therefore, it would be beneficial to share the information obtained for future harmonization and
standardization.

Regarding standardization and information exchange, relevant discussions have been started in
global standards collaboration (GSC) meeting. At the GSC-16 meeting, ITU-T, ETSI, TIA, TTA
and ARIB presented their relevant activities. Furthermore, in the Asia-Pacific Region, issues
relating to advanced ITS radiocommunications were discussed in a Task Group on ITS at the
11th meeting of APT Wireless Group (AWG-11).

2 Characteristics of advanced ITS radiocommunications

2.1 Terms and definitions

Advanced ITS have enhanced vehicular networking functionality to provide vehicle-to-vehicle
communication (V2V), vehicle-to-infrastructure communication (V2lI), in-vehicle network (IVN)
and vehicle-to- nomadic devices (V2N). Enhanced vehicular networking functionality of advanced
ITS also includes accurate location information with ID authentication and data encryption in the
vehicle terminal. The vehicular networking is the basic requirement on the vehicle terminal for
vehicle safety and new ITS applications. V2N allows hand-held devices to be used in vehicular
environment as they are used in home and office environment.
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Regarding radiocommunication aspects, advanced ITS radiocommunications support both V2V and
V21 communications with improved performance in terms of radio coverage, packet data rate,
packet size and latency.

FIGURE 1
Advanced ITS concept
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2.2 Acronyms and abbreviations
ARIB Association of Radio Industries and Businesses
ATIS Alliance for Telecommunications Industry Solutions

BPSK Binary phase shift keying
CCTV Closed-circuit television
CSMAVJ/CA Carrier sense multiple access/collision avoidance

ECC Electronic Communications Committee

ETSI European Telecommunications Standards Institute
BAS Broadcast Auxiliary Service

FEC Forward error correction

GPS Global positioning system

IEEE Institute of Electrical and Electronics Engineers
ISE Intersection safety equipment

ITS Intelligent transport systems

IVN In-vehicle network

LAN Local area network

OFDM Orthogonal frequency-division multiplexing
QAM Quadrature amplitude modulation
OBD-Il  On-board diagnostic system-I1
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QPSK Quadrature phase shift keying

RF Radio frequency

RSE Roadside equipment

TIA Telecommunications Industry Association
TTA Telecommunication Technology Association
V2v Vehicle-to-vehicle communication

V2l Vehicle-to-infrastructure communication
V2N Vehicle-to-nomadic device communication
2.3 Technical characteristics

Technical characteristics of current and advanced ITS are described in the following table,
respectively.

TABLE 1

Technical characteristics of ITS

Items

Current ITS

Advanced ITS

Vehicular networking

V21

V2l, V2V, V2N

Radio performance

Radio coverage: Max. 100 m
Data rate: ~ 4 Mbps
Packet size: ~100 bytes

Radio coverage: Max. 1 000 m
Data rate: Max. 27 Mbps
Packet size: Max. 2 kbytes
Latency: within 100 m/s

3 Requirements for advanced ITS radiocommunications

3.1 General system requirements

Contents

Each vehicle must be individually identifiable.

Warning message related to vehicle safety such as vehicle crash, accident, etc. should be deliverable.

Vehicle location information could be available.

The event occurrence time information of an accident should be able to transmit (broadcast) and receive.

AW |IN|F-

Vehicle inter-communication should provide the functionality of transmitting and receiving messages in
point-to-point communication as well as point-to-multi-point communication.

When needed, vehicle should be able to retransmit the received message to the nearby vehicles (multi-hop).

Vehicle should be able to collect the nearby vehicles’ information when there is a request by driver or

passengers.

8 Terminal should provide the ability to display the information (voice, message, video, etc.) to driver or
passengers.

9 Terminal should provide the user interfaces (voice, keyboard, mouse, etc.) for various services.

information.

10 | Terminal should have external interfaces (USB, IDB1394, Bluetooth, etc.) for updating software and
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3.2 Service requirements
3.2.1 Safety services

3.2.1.1 Incident alert

A service that broadcasts monitoring messages of unexpected circumstances in front vehicles by
means of vehicle-te-vehicle communications.

3.2.1.2 Emergency vehicle entry warning

A service that broadcasts information about emergency vehicles such as their location, velocity,
traffic lane in which they are moving, direction and destination by means of vehicle-to-vehicle
communications in order to free their path for quicker response.

No. Contents

1 | Emergency vehicles should be able to transmit vehicle’s moving direction information.

2 | Vehicle should be able to collect the Vehicle Status Information (ex. location, velocity, acceleration direction,
brake information, etc.).

The authentication methods for messages of unexpected incident information should be prepared.

The messages of unexpected incidents information should have priority.
Emergency vehicles should be able to broadcast the alarm message about their moving direction.

Emergency vehicles should be able to transmit the destination information.

When needed, vehicle should be able to broadcast the received alarm message to the nearby vehicles
(multi-hop).

8 | When needed, vehicle should be able to collect the information on road conditions and unforeseen
circumstances.

~N|jo|lo|b~|w

3.2.2 Data communication services

3221 Vehicle inter-communication service

A vehicle intercommunication service is that a data is transmitted and received by a point-to-point
transmission among surrounding vehicles.

3.2.2.2 Group communication service

A group communication service is that a data is transmitted and received by a group transmission
method among vehicles within a group.

No. Contents

1 | Link authentication should be supported for an individual communication.
2 | Group ID and authentication should be supported for group communication.

4 Status of advanced ITS radiocommunications
4.1 Japan

4.1.1 Applications

In Japan, realization of safe driving support systems has been studied extensively to reduce the
number of traffic accidents. The 700 MHz radio-frequency band will be used for the safe driving
support systems, since this frequency band is known for its good propagation characteristics in
non-line-of-sight conditions such as behind buildings or large vehicles.
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According to the “2004 annual statistical Report of traffic accidents” issued by the Institute for
Traffic Research and Data Analysis in Japan, 80% of all traffic accidents fall into four accident
types: rear-end collisions (32%), intersection collisions (26%), right-turn or left-turn collisions
(14%), and collisions with pedestrians (9%).

FIGURE 2

Breakdown of traffic accidents by accident type
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As much as the human factor behind traffic accidents is a concern, the Report reveals that

“Failure to recognize a hazard in time,” accounts for 70% of the total and, is the single leading
cause compared to other causes such as “Errors in judgment” and “Errors in operation.” Therefore,
reduction of this “Failure to recognize a hazard in time” should lead to a substantial reduction in
traffic accidents. Safe driving support systems to prevent “Failure to recognize a hazard in time”
are expected to be realized.

FIGURE 3

Breakdown of traffic accidents by human factor
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To improve drivers’ recognition of potential hazardous situations, the safe driving support systems
are supposed to consist of two types of systems: vehicle-to-vehicle communication systems that
support safe driving by inter-vehicular radiocommunications at intersections with poor visibility,
and roadside-to-vehicle communication systems that support safe driving by sending information
(signal and regulatory information, etc.) from roadside units of traffic infrastructure to vehicles
through radiocommunications.

As the prioritized applications of safe driving support systems, such use cases as intersection
collision avoidance, rear-end collision avoidance, right-turn/left-turn collision avoidance,
emergency vehicle notification, provision of traffic signal information and regulatory information
are considered and supported by using vehicle-to-vehicle and/or roadside-to-vehicle
communications.

Examples of use cases are shown in the following three figures.
Figure 4 shows a scene of intersection collision avoidance by vehicle-to-vehicle communications.

FIGURE 4

Intersection collision avoidance using vehicle-to-vehicle communications

In Fig-ure 4, two vehicles, not visible to each other at the intersection, exchange information on
their location, speed through vehicle-to-vehicle communications.

Thus, the drivers can receive alert messages in case of a hazardous situation.

Figure 5 corresponds to another use case and shows a scene of rear-end collision avoidance using
vehicle-to-vehicle communications.

FIGURE 5

Rear-end collision avoidance using vehicle-to-vehicle communications
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In Fig-ure 5, a vehicle approaching the tail end of a traffic jam, obtains information on the location,
speed of vehicles ahead using vehicle-to-vehicle communications. Thus the driver can anticipate
a traffic jam in advance.

Figure 6 shows a scene of intersection collision avoidance using roadside-to-vehicle communications.

FIGURE 6

Intersection collision avoidance using roadside-to-vehicle communications

Roadside sensor

In Fig-ure 6, roadside sensors at an intersection detect vehicles that cross or turn at the intersection
and share this information amongst the vehicles approaching the intersection using roadside-to-
vehicle communications.

412 Technical characteristics
This section provides examples of technical characteristic for the advanced ITS radiocommunications.

In Japan, for the use of the safe driving support systems, a part of the 700 MHz band

(755.5-764.5 MHz) has been assigned in new spectrum allocation on a primary basis in the digital
dividend band as shown in Figure 7. This figure also shows the AWG (APT Wireless Group)
Harmonised FDD Arrangement of 698-806 MHz band?. Japan adopted “Option A” as shown in the

figure.

1 APT-AWF-REP-14 (http://www.aptsec.org/sites/default/files/ APT-AWF-REP- /{ Field Code Changed
14 APT Report Harmonized Freq Arrangement.doc)
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FIGURE 7
700 MHz band frequency allocation for ITS in Japan
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BAS: Broadcast Auxiliary Service

The technical characteristic of vehicle-to-vehicle and roadside-to-vehicle communications for safe
driving support systems are shown in Table 2.

TABLE 2
Characteristics of the transmission scheme

Item Technical characteristic
Operating frequency range 755.5-764.5 MHz 7066-MHz-band-(Single channel)
Channelspacing 10-MHz
Occupied bandwidth Less than 9 MHz
Modulation scheme BPSK OFDM/ QPSK OFDM/ 16QAM OFDM
Error correction Convolution FEC R = 1/2, 3/4%
Data transmission rate 3 Mbit/s, 4.5 Mbit/s, 6 Mbit/s, 9 Mbit/s, 12 Mbit/s, 18 Mbit/s
Media access control CSMA/CA
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Table 2 shows basic specifications of ARIB standard; ARIB STD-T1092, 700 MHz band Intelligent
Transport System(ITS) which has been developed in February 2012, is-based on “ITS Forum
RC-006"3 which-was-issued by the ITS Info-communications Forum as an experimental guideline
for feasibility tests in Japan.

A 109 MHz channel width in the 700 MHz radio frequency band will be used for the safe driving
support systems.

Data transmission rate is variable based on the selection of Modulation scheme and coding rate (R)
as follows:

- 3 Mbit/s (BPSK OFDM, R = 1/2), 4.5 Mbit/s (BPSK OFDM, R = 3/4);
- 6 Mbit/s (QPSK OFDM/, R = 1/2), 9 Mbit/s (QPSK OFDM, R = 3/4);

- 12 Mbit/s (16QAM OFDM, R = 1/2), 18 Mbit/s (16QAM OFDM, R = 3/4). /{ Formatted: Portuguese (Brazil)

A

The single channel accommodates both vehicle-to-vehicle and roadside-to-vehicle communications
based on CSMA/CA media access control.

A 700 MHz radio frequency band will be used for the safe driving support systems. In particular,
this frequency band is considered appropriate for communications in the use case of intersection
collisions avoidance as shown in Fig-ure 78.

2 ARIB standard; ARIB STD-T109, 700MHz band Intelligent Transport Systems

(http://www.arib.or.jp/english/html/overview/doc/5-STD-T109v1 0-E1.pdf). [ Field Code Changed

3 Experimental Guideline for Vehicle Communications System using 700 MHz-Band
(http://www.itsforum.gr.jp/Public/J7Database/p35/ITSFORUMRC006engV1_0.pdf).

C:\USERS\NATTAWUT.A\DOWNLOADS\R12-WP5A-141027-TD-0266!R1!MSW-E_tena1iuuy ¢.DOCX 15.05.15 15.05.15


http://www.arib.or.jp/english/html/overview/doc/5-STD-T109v1_0-E1.pdf
http://www.itsforum.gr.jp/Public/J7Database/p35/ITSFORUMRC006engV1_0.pdf
http://www.itsforum.gr.jp/Public/J7Database/p35/ITSFORUMRC006engV1_0.pdf
http://www.itsforum.gr.jp/Public/J7Database/p35/ITSFORUMRC006engV1_0.pdf

-12 -
5AITEMP/266(Rev.1)-E
FIGURE 78

Communication areas for intersection collision avoidance
using vehicle-to-vehicle communications (V2V)
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In some safety applications, information from roadside units is considered more reliable than
on-board information, therefore, roadside-to-vehicle communications shall be allocated

an appropriate time-slot to ensure the communication band using roadside-to-vehicle interval shown
| in Fig-ure 89.

The time division mechanism is studied in ITS Info-communications Forum and ITS Radio System
Committee in the Telecommunications Council in Japan.
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FIGURE 89

Vehicle-to-vehicle and roadside-to-vehicle time division access
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4.2 Korea (Republic of)

421 Applications

Advanced ITS radiocommunications system wiH provides new M2lanrd-\V2\/-vehicle
communication based applications. Radar systems also provide traffic information for safety
applications. e Hable e Sia

Vehicle information service provides vehicle diagnosis and traffic information by using V2I and
IVN interworking. The ECU information can be monitored by connecting OBD-II interface
equipment and processed in vehicle terminal. Vehicle terminal will store the vehicle data such as
vehicle speed, time, direction, acceleration or de-acceleration, CO2 emission, etc. Vehicle
information is transmitted to the server via V21 communication. Server will generate real time
traffic information from the raw vehicle data. Figure 910 shows vehicle information based service
concept.

FIGURE 910

Vehicle information service
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IP Video streaming service will provide CCTV image or streaming data to vehicle terminal.
CCTV is installed on roadside and its video streaming data is sent to the server to monitor road
situation. The CCTV information will be sent to the vehicle terminal on driver’s request. CCTV
data will provide information to the driver on road and traffic conditions in the driving direction.
Figure 2611 shows IP Video streaming service.

FIGURE 1011

IP video streaming service
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Intersection safety service will provide intersection road situation to the driver. Intersection

situation information is attained by using CCTV, radar sensor, traffic signal to reduce traffic

accidents at the intersection. The intersection situation information will be processed on the

intersection safety equipment (ISE) which is connected to IP cameras and traffic signal. ISE will

have intersection image, traffic signal and pedestrians, which will be transmitted to vehicle terminal
| through RSE. Figure 1112 shows intersection safety service.
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FIGURE 1112

Intersection safety service

Unexpected situation warning service will inform the driver about car accident, road construction
and dangerous situation. Unexpected situation can be reported as warning packet in periodic
broadcasting. For example, warning packet can be generated by pushing the emergency switch.

It can be also automatically generated in the vehicle terminal in case of sudden stop by pressing on
the brake. This warning packet would help preventing traffic accident. Figure 1213 shows
unexpected situation broadcasting service.

FIGURE 1213

Unexpected situation broadcasting service

Vehicle anti-collision service provides pre-crash protection by broadcasting vehicle’s information
to the adjacent vehicle, the message is called “Here | am” message. Vehicle information includes its
identification, location and driving status. This service needs accurate location information, signal
signature and data encryption. Figure 1314 shows vehicle anti-collision service.
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FIGURE 1314

Anti-collision warning service
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Emergency vehicle signal pre-emption service provides signal priority to ambulance and fire
truck when they enter an intersection area. The emergency vehicle flickers emergency light and
broadcasts packet message to inform other vehicles that it is approaching. RSE receives the packet
and turns the traffic lights in order for the emergency vehicle to pass through the intersection
without stopping. Figure £4-15 shows emergency vehicle signal pre-emption service.

FIGURE 1415

Emergency vehicle signal pre-emption service

Group communication service provides multi-hop communication among vehicles. Each vehicle
has its own ID and supports group communication by unicasting. Group communication uses IP
communication protocol and includes message, voice and image information. Thus it can be used

| for police, fire station, emergency and military applications. Figure 4516 shows group
communication service.
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FIGURE 4516

Group communication service
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Emergency vehicle approach warning service provides alarm to vehicles to clear front road for
ambulance and fire truck when they approaching those vehicles. The emergency vehicle flickers
emergency light and broadcasts packet message to inform other vehicles that it is approaching. The
vehicles receiving the information change the lane to pass emergency vehicle without blocking.

Figure 167 shows emergency vehicle approach warning service.

FIGURE 167
Emergency vehicle approaching warning service

Congestion/Curve warning service enables drivers in the approaching vehicles to receive
congestion or road works information in advance, then it assists drivers to decrease the speed for
safe driving roadside equipment or a vehicle to other vehicles to deliver the warning or alert
information at the hard curve, entering/outgoing point of tunnel or accident occurred places. part in
the predetermined area. And it also. drive cautiously the tail end of a traffic jam, obtains
information on the location, speed of vehicles ahead using vehicle-to-vehicle communications. Thus
the driver can anticipate a traffic jam in advance. Figure 178 shows safe driving assistant service.

FIGURE 178
Congestion warning service

/[ Formatted: Font:

Pedestrian/bicyclist warning service enables drivers to receive warning messages the detected
pedestrians or bicyclists in the vicinity from radar or video sensors in the vehicle. This service

would be served at the intersection with or without the traffic signal. If pedestrians or bicyclers
have equipped communication modules or wearable devices, they could be alerted approaching

15.05.15 15.05.15
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vehicles for safe walking or crossing. It would be bidirectional communications. Vehicle will warn
automatically to pedestrians or bicyclers without human intervention. Figure 189 shows pedestrian

warning service.

FIGURE 189

Pedestrian warning service
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Smart tolling service enables non-stop passing without the tollbooth. This service provides high
speed electronic toll collection services in multiple lanes. Vehicles installed tolling system can pass
tolling area at the same speed without stops and delay to pay the toll fee. Figure 2920 shows smart

tolling service.

FIGURE 1920

Smart tolling service
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Auto valet parking service enables unmanned vehicle to park_in the predetermined area. Parking
management server, which manages the parking space with database of parking space, guides the
parking vehicle to available parking space. Parking vehicle has parked automatically through
guided sensor networks. Figure 201 shows auto valet parking service.

FIGURE 201
Auto valet parking
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Incident detection service enables drivers in vehicles to receive real-time information for
unexpected road situation (obstacle, stopped and wrong way vehicle, frozen-road etc.) through road
detecting system to prevent unexpected accidents. It also provides traffic information within 1km
from radar sensor road. It supports unexperienced driver in heavy rains and foggy weather to

| receive real-time information by road monitoring and detecting system. Figure 242 shows incident
detection service.

FIGURE 212

Incident detection service
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4.2.2 Technical characteristics

The advanced ITS radiocommunications system has to consider the described V2V/V2I
communication and its service requirements and WAVE standard for international harmonization.
In V2V application, it is required to consider the low packet latency because the life time of safety
message is useful in the order of 100 m/s. Also it requires highly activated radio channel when
many vehicles activate radio channel simultaneously. In V21 applications, it needs to adopt the long
packet transmission which includes short message, map information and image information to be
order of 2 kbytes in packet size in high mobility condition. Thus the advanced ITS
radiocommunication system has the following features as shown in Table 3.

TABLE 3
Technical characteristics
Item Technical characteristic
RF frequency 5.8355.855 ~ 5:8555.925 GHz (experimental)
RF channel bandwidth 10 MHz
RF Transmit power 23 dBm
Modulation type OFDM(BPSK, QPSK, 16QAM, Option : 64QAM)
Data rate 3,45, 6,9, 12, 18 Mbit/s, Option : 24, 27 MbpsMbit/s
MAC CSMAI/CA, Option : Time Slot based CSMA/CA-EBCA
Networking IPv4/IPv6, WSMPVMP(HEEE-16069-34WSMP compatible)
Multi-hop Location information based routing
TABLE 4
Technical characteristics for low power wireless device (2)
Technology regulation on the specific low power wireless devices for road detection radar are as
follows:

Item Technical characteristic
RF frequency 34.275~34.875 GHz
Bandwidth 600 MHz
RF transmit power 8 dBm/MHz
423 TTA Standards related to advanced ITS radiocommunications

In the Republic of Korea, Telecommunication Technology Association (TTA) established five
standards for advanced ITS radiocommunications. The detailed information of these standards is
| shown in Table 45.
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TABLE 45
TTA standards related to advanced ITS radiocommunications
Sta’i}g.ard Standard title Summary Izs:tzd
FFASTTAK | Vehicle-to-vehicle The standard describes mainly some services are supported | 2008-6620
KO- communication system by the multi-hop vehicle-te-vehicle communications such 13.12
06.0175/R1 | Stage 1: Requirements as the warning service and group communication service.
And it also describes general requirements and
| performance requirements of vehicle-te-vehiele
communication systems for information service and the
group communications service, etc.
FFASTTAK | Vehicle-to-vehicle The standard describes mainly architecture and 2013.1220
KO- communication system components of vehicleM2V communications system which 0812
06.0193/R1 | Stage 2: Architecture supports vehicle-te-vehicle communication services such
as the warning service and group communication service.
As to the main contents, this standard defines the structure
of the inter-vehicle communication system describing the
hierarchical layers comprised the system architecture. And
it also describes general architecture with the of vehicle-to-
infrastructure communication systems for information
service, etc.
FFASTTAK | Vehicle-to-vehicle The standard describes specifications of physical (PHY) 2013.1220
KO- communication system and medium access control layer (MAC) for vehicle-to- e
06.0216/R1 | Stage 3: PHY/MAC vehicle communication systems. This standard is based on
IEEE P802.11p™ which modifies IEEE P802.11™ -2007
standard. The detailed description of IEEE P802.11p™ is
not specified in this standard. This document only deals
with new technologies for vehicle-to-vehicle
communication systems which are not covered in IEEE
802.11p™. The ather technical contents which are not
specified in this standard follow IEEE 802.11p™.
FFASTTAK | Vehicle-to-\/ehicle The standard describes specifications of networking layer 2013.1220
KO- Communication System | for vehicle-te~vehicle-multi-hop vehicle communication 168:09
06.0234/R1 | State 3: Networking systems. This standard is based on IEEE P1609™
(WAVE) and IEEE P802.11p™ standards. The detailed
description of IEEE P1609.3™ is not specified in this
standard. This document only deals with new technologies
for vehicle-to-vehicle multi-hop communication systems
which are not covered in IEEE P1609.3™. The other
technical contents which are not specified in this standard
follow IEEE P1609.3™.
| TABLEHEND)
Standard . Issued
No. Standard title Summary date
TTAK.KO- | Vehicle-te-\ehicle This standard is to specify the application protocol 2013.1220
06.0242/R1 | Communication System | interface for vehicle2V communication system and to 10.12
Stage 3: Application support its network layer. Also, it describes the
Protocol Interface authentication and registration procedures in application
layer to interoperate between IEEE 802.11p WAVE and
| vehicleM2V communication system.
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4.3 Europe

4.3.1 Standardization

With regard to cooperative systems that include car-to-car, car-to-infrastructure, infrastructure-to
car and infrastructure-to-infrastructure communications it has been necessary to identify a new
frequency band that is able to cope with the requirements of the envisaged safety critical
applications implying low latency and time-critical capabilities.

The ECC Decision of 14 March 2008 (ECC/DEC/(08)01) on the harmonized use of the

5 875-5 925 MHz frequency band for ITS stimulated an initiative to further develop ITS in Europe.
Hereby the radio spectrum in the 5 875-5 905 MHz frequency is reserved for safety-related
applications of ITS in Europe. Relevant parameters for the use of this band are covered by the
European Commission Decision 2008/671/EC.

The European Commission (EC) issued the Mandate M/453 and invited the European
standardization organizations to prepare a coherent set of standards.

FIGURE 474823
Overview of ITS in ETSI
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The European standardization organizations CEN and ETSI have accepted the mandate and they
agreed to jointly develop a list of minimum set of standards for interoperability and other identified
standards and technical specifications to support cooperative ITS services.

The standardization activities focus on:
- Basic set of applications (ETSI TR 102 638), e.g.:
. Cooperative Awareness (ETSI TS 102 637-2)
. Decentralized Environmental Notification (ETSI TS 102 637-3)
- Geonetworking (multi-hop communications, ETSI TS 102 636)
- Secure and Privacy-Preserving Vehicular Communication (ETSI TS 102 731)
- European profile standard based on IEEE 802.11p (ETSI ES 202 663)
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- Congestion Control and Harmonized Channel Specifications (ETSI TS 102687,
ETSI TS 102 724).

Furthermore the work of the Car-to-Car Communication Consortium and ISO/CALM is considered
as well as the outcome of public funded projects (e.g. COMeSafety2, DRIVE C2X).

The status of the standardization is regularly reported, e.g. at the 3 ETSI TC ITS Workshop in
Venice 9-11 February 2011 (http://www.etsi.org).

432

Applications

The ITS standardization in Europe defines a system that is able to support a variety of applications.
Therefore a basic set of applications has been specified in ETSI TR 102 6384 and the
standardization takes into account their requirements.

TABLE 56

Basic set of applications definition

Applications class

Application

Use case

Active road safety

Driving assistance —
Cooperative awareness

Emergency vehicle warning

Slow vehicle indication

Intersection collision warning

Motorcycle approaching indication

Driving assistance —
Road Hazard ewarning

Emergency electronic brake lights

Wrong way driving warning

Stationary vehicle — accident

Stationary vehicle — vehicle problem

Traffic condition warning

Signal violation warning

Roadwork warning

Collision risk warning

Decentralized floating car data — Hazardous location

Decentralized floating car data — Precipitations

Decentralized floating car data — Road adhesion

Decentralized floating car data — Visibility

Decentralized floating car data — Wind

Cooperative traffic
efficiency

Speed management

Regulatory/contextual speed limits notification

Traffic light optimal speed advisory

Cooperative navigation

Traffic information and recommended itinerary

Enhanced route guidance and navigation

Limited access warning and detour notification

In-vehicle signage

Cooperative local
services

Location based services

Point of interest notification

Automatic access control and parking management

ITS local electronic commerce

Media downloading

Global internet services

Communities services

Insurance and financial services

Fleet management

Loading zone management

ITS station life cycle
management

Vehicle software/data provisioning and update

Vehicle and RSU data calibration.

4 The description of this chapter is mainly taken from ETSI TR 102 638 v1.1.1 (2009-06).
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The applications are divided into three classes:

- Cooperative road safety
The primary objective of applications in the active road safety class is the improvement of road

safety. However, it is recognized that in improving road safety they may offer secondary benefits
which are not directly associated with road safety.

- Cooperative traffic efficiency

The primary objective of applications in the traffic management class is the improvement of traffic
fluidity. However it is recognized that in improving traffic management they may offer secondary
benefits not directly associated with traffic management.

- Cooperative local services and global internet services

Applications in the cooperative local services and global internet services classes advertise and
provide on-demand information to passing vehicles on either a commercial or non-commercial
basis. These services may include Infotainment, comfort and vehicle or service life cycle
management. Cooperative local services are provided from within the ITS network infrastructure.
Global internet services are acquired from providers in the wider internet.

The following scenarios are examples (from ETSI TR 102 638):

FIGURE 181924

The motorcycle warning use case scenario has been demonstrated at the CAR 2 CAR Communication
Consortium (C2C - CC) Forum from 22-23 October, 2008 in Dudenhofen, Germany
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FIGURE 192025
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4.3.3 Technical characteristics
ITS in Europe is based on the European profile standard based for IEEE 802.11p as described in

ETSI ES 202 663. The set of protocols and parameters that are defined in that document are called
ITS-G5 operating in the frequency ranges:
- ITS-G5A: 5 875 GHz to 5 905 GHz dedicated to ITS for safety related applications.

- ITS-G5B: 5 855 GHz to 5 875 GHz dedicated to ITS non- safety applications.

- ITS-G5C: 5470 GHz to 5 725 GHz.
The technical characteristics for ITS-G5A and ITS-G5B are summarized in Table 67.

TABLE &7
Characteristics of the transmission scheme
Channels Centre Name Tx power limit Default
frequency (EIRP) data rate
5900 MHz | G5CC - control channel 33dBm 6 Mbit/s
ITS-G5A | 5890 MHz | G5SC2 - service channel 2 23dBm 12 Mbit/s
5880 MHz | G5SC1 - service channel 1 33dBm 6 Mbit/s
ITS-G5B 5870 MHz | G5SC3 - service channel 3 23 dBm 6 Mbit/s
5860 MHz | G5SC4 - service channel 4 0dBm 6 Mbit/s
Channel bandwidth | 10 MHz
Modulation scheme | OFDM with channel access CSMA/CA (see IEEE 802.11p)
Available data rates | 3/4.5/6/9/12/18/24/27 Mbit/s
The communications architecture is shown in Fig-ure-222328.
FIGURE 222328
ITS station reference architecture (from ETSI EN 302 665)
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The main features of the ITS stations using ITS-G5 are:

Access layer

Based on IEEE 802.11p, supplemented with a powerful “Decentralized Congestion
Control” (DCC) as described in ETSI TS 102 687. The DCC uses channel load
measurements to restrict transmissions such that the overall channel load is below
a given threshold.

ITS stations are forced to always listen to the control channel it not transmitting.
Consequently for using a service channel a second transceiver (dual channel concept)
or a multi-channel receiver is needed.

Networking & transport

Besides standard functionalities for unicast and broadcast transmission, this layer
includes geocast functionalities, i.e. a geographic area (circle, ellipse, rectangle) can be
addressed that exceeds the usual communication range. In that cast multihop
communications are used.

Facilities

Support of the applications by providing commonly used functions. The “Cooperative
Awareness” basic service (ETSI TS 102 637-2) establishes the so-called vehicular
ad-hoc network (VANET) by quasi-periodical transmissions of Cooperative Awareness
Messages (CAM) on the control channel. Event messages like hazard warnings are
wrapped into “Decentralized Environmental Notification” (DEN) messages

(ETSI TS 102 637-3).

Security

Security in VANETS care for secure and privacy preserving communication in ITS
environments. It describes facilities for credential and identity management, privacy and
anonymity, integrity protection, authentication and authorization (ETSI TS 102 731).

Management
Management functionalities for configuration and cross layer issues.

Applications

Cooperative road safety, Traffic efficiency and cooperative local services and global
internet services.

NOTE — The ITS station communications architecture also describes how the ITS stations are
integrated into the internet using other media like standard RLAN (e.g. operating in ITS-G5C)
or mobile communications (e.g. UMTS). This is used for connecting to “central ITS stations”.
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