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PEKOMEHJJAIINA MCD-R BT.2033-1

Kpurepun niianupoBaHusi, BKJIKYAs 3allMTHbIE OTHOILICHUS,
JJISL cMCTeM HU(PPOBOIro HA3¢MHOI0 TEJIEBU3HOHHOT0 BEIIAHUA
BTOPOI0 NMoKoJieHns B Auanazonax OBY/YBUY

(2013-2015)

Cdepa npumenenust

B Hacrosmert PekoMeHIaImmy onpeaensoTcs KpUTEPUH TIaHUPOBAHMNS, BKITIOUAs 3aIIUTHBIC OTHOIICHHUS, JIJIS
Pa3IUYHBIX METOJIOB pPeau3aliy CHCTEM U(POBOT0 Ha3eMHOTo TelaeBu3noHHoro Bemanus (L{HTB) Broporo
nokoJieHus B quanasonax OBY/YBUY.

KuroueBble ci1oBa

HHTB, DVB-T2, ISDB-T, kpuTtepun mIaHupOBaHUs, 3alIUTHOE OTHOIIIEHIE, BTOPOE MTOKOJICHIE

Accambnes paguocssizu MCD,

yuumbvleast,

a) yt0 B Pexomennarun MC3-R BT.1306 pazpaboTansl cucTeMsl MpoOBOT0 HA3eMHOT'0 TeJIEBUICHNUS,
Npe€aAHa3sHAYCHHBIC IJIA MCIIOJB30BAHHMS B I1OJIOCAX PAaAMOBCIIAHKA, KOTOPLIC HA3bIBAIOTCA CYIICCTBYIOIUMU
CHUCTEMaMU,;

b) 4yTO 3TU cymectBytommue cucteMbl [[HTB mepBoro moxoneHus ObLITH pa3BEepHYTHI IS MIEperavn
CUTHAJIOB CIIYK0 ITU(POBOro HA3eMHOTO TeeBHIeHUS B quana3zonax OBU/YBY;

C) YTO BO MHOI'ux aIIMI/IHI/ICTpaIH/IHX AHAJIOT'OBBIC TCIICBU3MOHHBIC CJ'IY)K6I)I BBIBC/ICHBI U3 TCIICBU3UOHHBIX
nuanasonos OBUY/YBUY;

d) yro Tenesu3noHHble ycayru LIHTB Oynyt ucmosb3oBatbes eiie B TEUEHHE HPOJODKUTEIHHOTO
reprojia BpEMEHH;

e) yT0 B nuanazoHax OBY/YBY cymiecTByeT MHOTO THITOB ITOMEX, BKITFOYAst IOMEXH OT COBMEIIIEHHBIX
Y COCEJHHX KaHAJIOB, TOMEXH OT CUCTEM 3KUTAHUS, MHOTOJIYY€BOCTh U APYTUE THUITBI UCKAKESHHUS CUTHAJIOB;

f) MOCJICAHUE JIOCTHKCHHUS B 00J1aCTH KOJIUPOBAHMS KAaHAJIOB U MOAYJSIMU IMTO3BOJIMIN TOJYYUTh
HOBBIC METO/IbI C XapaKTePUCTUKAMHU, IPUOJIMKArOIIUMUCS K Tpanuiie [lleHHOHa;

Q) yto B Pekomengannu MC3-R BT.1877 onpezneneHsl MeTOIbI HCIPABIIEHUS OIIHMOOK, GOPMUPOBAHHS
KaJIpOB JAaHHBIX, MOAYJSLIMU U M3IY4YECHUS UL CUCTEM LU(POBOrO HA3EMHOI'O TENEBU3MOHHOIO BEIIAHUS
BTOPOTO IMOKOJIEHUS, pACTIPOCTPAHEHHBIX BO BCEM MUDE;

h) YTO O5TH HOBBIC HH(prBLIe MCTOAbI MOT'YT ITO3BOJINTh MOBBICUTH CIICKTPAJIbHYIO U SHCPICTUYCCKYHO
3(1)(1)6KTI/IBHOCTB 0 CPaBHCHUIO C CYHICCTBYIOIMIMMH CUCTEMAMM IIPpU COXPAHCHHUU BO3MOKHOCTH TUOKOMU
KOH(bI/II‘ypaHI/II/I, 11 TOr'oO 4TOOBl OOOMTHUCH UMCIONIMMUCA peCypCaMU INHUPUHBI IIOJIOCBI WU MOIIHOCTHU
BEMIATEJILHOIO CUTHAJIA,

i) YTO pEKOMEHIyeMasi CUCTEMa HCIIOJIB3YET TaKUe METOJbI U ITO3TOMY MPEIOCTABIIIET BO3MOKHOCTD
[IUPOKOTr0 BBIOOpA MEXIy paboToil mpu MuHHMaIbHBIX YpoBHsAX C/N WM MakCHMalbHOW MPOIYCKHOMN
CIIOCOOHOCTH,

)} yro B Pexomengaunu MCD-R BT.1368 ompeneneHbl KpuTepuH IUIAHUPOBAHHS U Pa3IMYHBIX
METOAOB IMPEIOCTaBICHHs YCIYyr UU(POBOTO Ha3eMHOI'O TEJIEBUACHUS MEPBOTO MOKOJECHUS B JUama3oHax
OBY/YBUY;

k) qTOo HaJIM4nue COBMCCTHUMBIX Ha60p0B KPpUTCPUCB IJIaHUPOBAHUH, COIJ1IaCOBAHHBIX
AIMUHUCTPALIUSIMU, 00JIeryuT BHCAPCHUC YCIIYT ]_[I/I(l)I)OBOI‘O HA3€MHOT'O TCJICBUACHU BTOPOI'O IIOKOJICHUA,
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peKxomenoyem,

YTOOBI B KAaueCTBE OCHOBBI JUISI TUIAHMPOBAHUS YACTOT JUIS YCIYr IMU(PPOBOTO HA3EMHOTO TEIICBUICHUSI
BTOPOTO TIOKOJICHHS HCIIONBh30BAJIKMCh COOTBETCTBYIOIIUEC KPUTCPHUW IUIAHWPOBAHUS, BKIIOYAS 3alIUTHHIC
otHomeHus: (PR) u cooTBeTrcTByIOIIME 3HAYCHHS MWHUMAIILHOW HAIMPSDKEHHOCTH TIOJSI, MPHUBEICHHBIC
B [Ipunoxennsx 1 u 2.

[NPUMEYAHUE. — [Ipunosxernus 4 u 6 sABISTIOTCS HEOTHEMIIEMOH YacThio HacTosme Pexomennammm. [Ipunoxenns 3
u 5 npejicTaBieHbI 1 HHPOPMAITUH.

BBeaenne
B nacrosmeit Pekomengarmu conepskarcs cienytouue [Ipunoxenus:

[Ipunoxenne 1 — Kputepun miaHUpOBaHWSA, BKJIIOYAs 3allUTHBIE OTHOIICHWS, IUISI CHCTEM HH(POBOTO
Ha3eMHOTO TEIICBUICHHUS BTOPOTO IOKOJICHHs cTtaHmapTa DVB B mmanmazomax OBY/YBY nmns kaHaiioB ¢
HUPHUHOH nosocsl 7 1 8§ MI'w.

[Mpunoxenne 2 — Kpurepunm mninaHupoBaHHs, BKJIIOYAs 3alIMTHBIE OTHOIICHHMS, JUI CHCTEM LU(PPOBOTO
Ha3eMHOTO TENEeBUICHUS BTOPOTO MOKoieHus crannapra DVB B mamamazomax OBY/YBY ans kananoB c
HIMpuHON nojiockl 6 MI'm.

[punoxenue 3 — JlonogHUTENbHBIE pPe3yIbTaThl UCTIBITAHUHN, MToTyueHHbIe 0T CoenuHenHoro Koposesctaa
u Poccuiickoit @enepanuu.

[Ipunoxenue 4 — J[lpyrue QaxTopbl NIaHUPOBaHMS, HAapUMEp TUIBI AHTEHH M pa3Bsi3Ka AHTEHHBI,
YMEHbIIIEHNE BHICOTHI aHTEHHBI U T. [I.

[Ipunoxenue 5 — Onucanne MeTona CyObEKTUBHOTO ONPEAETICHHUS TOUKH OTKa3a.

[Tpunoxxenune 6 — TponochepHbie 1 HENMPEPHIBHBIE TOMEXH.

OO01me moI0KeHus

3amuTHOE OoTHOIIEHUE o0 PY mpencrariser co0oii MUHUMAJILHOE 3HAUECHUE OTHOIICHHMS MTOJIC3HOTO CHrHaJa
K MEIIAIIIEeMy CUTHAJTy Ha BXOJIe TPUEMHHUKA, OOBIYHO BBIPAXKEHHOE B JCIIUOCIaX.

B nacrosmeii PekoMennanuu 3aniiuTHbIE OTHOIIEHUS OCHOBAHBI HA N3MEPEHUAX C UCTIOIh30BAHHEM METOIUKH
WCIBITAHUI U 3TAJOHHBIX YPOBHEW MOIIHOCTU CUTHAJIA, ONPEACIICHHbIX B [1].

AIMUHUCTpaIUsIM  TIpeajiaraeTcs MPEACTaBUTh JOMOJHHUTEIbHBIC pPe3yiabTaThl WM3MEPEHHM B IIEJISIX
JIOTIOJIHEHUS HACTOsAIIENR PexoMeHmanum.

Cucrembl III/I(l)pOBOFO Ha3€¢MHOI'0 TCJICBHJACHUSA C MMOJE3HBIM CUTHAJIOM

3alUTHRIE OTHOIEHHS ISl CHCTEM LU(POBOTO HA3€MHOT'0 TEJIEBUACHHS IPUMEHSIOTCS KaK K HEIPEPBIBHBIM,
TaKk U K TPOnoc(epHbIM NoMeXaM. 3allUTHbIE OTHOLICHUS OTHOCSATCS K IICHTPAIbHOW YacTOTE CHCTEMBI
IU(PPOBOTO HA3EMHOT'O TEJICBUICHUS C MOJIE3HBIM CUTHAJIOM.

[Tockonbky 1MQpPOBOI TEIEBU3MOHHBIM NMPUEMHUK AOJDKEH YCHEUIHO (YHKIHMOHUPOBATH B IPUCYTCTBUH
MOMEX C BBICOKMM YPOBHEM CHTHAala B COCEIHUX KaHajlax, TpeOyeTcs BBICOKHI ypOBEHb JIMHEHHOCTH
BXOJIHBIX XapaKTEPUCTHUK MPUEMHHUKA.

3aLL[I/ITHBIe OTHOLICHUA OJIA CUCTEM ]_II/I(I)pOBOFO HAa3€MHOI'0 TCJICBUACHUS, KOTOPBIC BBICTYIIAIOT B Ka4CCTBC
MCHIAKOIHUX, TAKUC K, KaK U B TOM CJIy4ac, KOraa IIOJIC3HBIN U Mema}omnﬁ CUTHaJIBI HC CUHXPOHU3UPOBAHBI
A/Mnm HUCXOOAT U3 pa3HbIX IPOTrpaMMHBIX HCTOYHUKOB.

W3mepeHne 3aMTHBIX OTHOIICHUH MPOU3BOUTCS HA OCHOBE YCTAHOBIJICHUS YCJIOBUH MOMEX, MPH KOTOPHIX
HAa4YMHACT MPOMNAJaTh H300paKCHHE, C HKCIIOJIL30BAHUEM METOJa CYOBEKTHBHOTO ONPEACICHUS TOYKU
otkasa (SFP), onpenenennoro B [1].
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COJEPXXAHUE

[Mpunoxenue 1 (Hopmatueaoe) — Kpurepuu miaHupoBaHus, BKIIIOYAs! 3alIUTHBIC OTHOIICHHS,
JUTSL CUCTEM U(POBOTO HA3EMHOT'O TEJICBUACHUS BTOPOTO MTOKOJIeHUs ctaHaapta DVB
B muamnazonax OBY/YBY g kaHamoB ¢ TMHPUHON TOTOCH 7 H 8 MIT....vcvvvvviiiii i,

1 3amuTHBIE OTHOIICHUS IS TIOJIC3HBIX CHUTHAJIOB MU(PPOBOTO HA3EMHOTO TEICBUICHUS
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[Ipunoxenue 2 (Hopmarusroe) — Kputepuu miaHupoBaHus, BKIFOYas 3aIlIATHRIE OTHOIIIEHHUS,
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1 3amuTHBIE OTHOIICHUS IS TIOJIC3HOTO CUTHAJIA ITH(POBOTO HA3EMHOTO TEJICBUICHUS
DAV ST I LY/ U 5 (T
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Ipuiaoxenue 1
(HopmatuBHOE)

Kputepuu niiaHupoBaHus, BKJIOYAs 3alIUTHbIE OTHOIIEHHS, 1JIsl CHCTEM
u(pPOBOro HaA3eMHOI0 TeJIeBU/IeHHsI BTOPOIro MoKoJieHus ctanaapra DVB
B nuanazoHax OBUY/YBY s kaHa0B ¢ IIMPUHOI moJiockl 7 1 8 MI'n

1 3amMTHbIE OTHOLIEHHUS 151 TOJIe3HbIX CHTHAJIOB HM(POBOIro HA3eMHOT0 TeeBuaeHust DVB-T2

11 Kondurypanus nojie3Horo curuaia

Jlnist yMEHBIIICHUS Yrcia U3MEepeHHU 1 TaOJIHI peyIaraeTcss U3MepsTh 3alllATHBIE OTHOMICHUS JUISl CHCTEM
DVB-T2 B cneaytomiem pexmnme, TOKa3aHHOM B Ta0nuie 1. 3HadeHus 3alUTHBIX OTHOIIICHUN TSl Pa3IHIHBIX
Tpe6yCMI)IX pa60q1/1x PEKUMOB MOKHO paCCUHUTAaTh, UCIIOJIB3YA MPUBCACHHBIC U3MCPCHHBIC 3HAYCHUS. Ecmm
HE YKa3aHO UHOE, B HacTosmeM [IpruiiokeHnn BCe TaHHBIE COOTBETCTBYIOT 3TOMY PEXHUMY.

TABJIMIIA 1
[peanouTuTeabHBIH THI PE:KMMA U3MeEPeHNs 3aIIMTHBIX OTHOLIeHu Anst DVB-T2

ITapamerp 3HayeHne
Pazmepnocts BIID 32K
3amuTHBIA HHTEPBAI 1/128
CHUMBOJIBI JAHHBIX 59
SISO/MISO SISO
OTHOIIEHNE MMKOBOH MOIIHOCTH K cpenneii momHocta (PAPR) Her
Ko:-Bo kagpoB B cynepkaape 2
[uprHa MoI0CH 8 MI'u
PexxuM paclumpeHHO IUPHUHBI OJOCHI Ha
Cnioco0 pa3merneHus: Hecynux PP7
Mopymstust L1 64-QAM
PLP #0
Tun 1
Mopynsiiust 256-QAM
KomoBas ckopocTb 2/3
Tun ynpexnatomeit koppekuun ounbok (FEC) 64 800
[ToBepuyToe co3Beznue QAM Ha
Kou-Bo 6moxoB FEC B nepemeskaroniemcst Kaape 202
Komnuectso 650koB T1 B kanpe (N_TI) 3
KommaectBo xaapos T2 B nepemexatomiemcs kaape (P_I) 1
Wnrepsan kaapa (I_JUMP) 1
Tur BpeMEHHOTO MepeMeKeHHs 0
JTITENbHOCTD BPEMEHHOTO MTEPEeMEKESHUsI 3
C/N (Kanar AWGN), nb 19,7
CKopocCTh nepenadu TaHHbIX, MOUT/C 40,2
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1.2 XapakrtepucTuku Memarouiero curnajga LTE

B nacrosmeit PexoMenganyy 3anuTHBIE OTHOIIEHUS ¥ IOPOTOBBIE YPOBHH MEPETPY3KH I 0A30BBIX CTAHITHNA
(bC) LTE u obopynoBanus nons3zoBatens (OIl) ocHOBaHBI Ha M3MEPEHUSIX C HCIIOIB30BAaHUEM 3aITMCAHHOTO
curHana LTE ¢ mmpunoit nonocer 10 MI'n, co3naBaemoro peansubiM obopynosanreMm bC u OIl mpu Tpex
Pa3IMYHBIX 3HAYEHUSX WHPOPMAIMOHHOW HArpy3KH. DTH 3alMCH OBLIM OTQIIBTPOBAHBI IS YCTPAHEHUS
BHEIOJIOCHBIX apTe(aKToB U MpHuBeaeHb! K (popmary I/Q maHHBIX, KOTOpPbIE IPUTOIHBI U BOCTIPOU3BEACHUS
CTaHIAPTHBIMHU JIAOOPAaTOPHBIMU BEKTOPHBIMH T€HEPAaTOPaMHU CUTHAIIOB.

Wudopmanmonnas Harpyska bC pacnpezaernsiercsi Mo cieaylonuM KaTeTOPHsIM:

a) HE 3aroJIHeHa — COCTOMT B OCHOBHOM M3 CHTHAJIOB CHHXPOHHM3ALMU M OMOBELICHUS NPU HAJTMYUH
PEAKUX JaHHBIX;

b) Harpy3ka 50% — cpenHsis Harpy3Ka;

c) Harpyska 100% — Harpy3ka, Ipy KOTOpO# BCe pecypCHbIe OJOKH NCTIOIB3YIOTCS BCE BPEMs.

Nndopmarnmonnas Harpyska OIl pacmpenensiercs o CleayromnuM KaTeTOpHsIM:

a) 1 M6ut/c — manas Harpy3ka, IpH KOTOPOW TOJBKO HEOONIBIIOE KOJIHYECTBO PECYpCHBIX OJOKOB
UCIIOJIB3YETCS B TEYCHNE HEKOTOPOT'O BPEMEHH;

b) 10 M6ut/c — cpeaHsis Harpy3Ka;

C) 20 Mowurt/c — BbICOKast Harpy3Ka.

MOUIHOCTh CUTHAJIOB ¢ MEHbIIEH HHPOPMAIIOHHOHN HAarpy3KOH, KOTOPBIE MOTYT MPUBOIUTH K YXYIICHHUIO
PR 1 Oth B HEKOTOPBIX IPUEMHHUKAX, TOPA3J0 CYLIECTBEHHEE MEHSIETCSI BO BPEMEHU.

1.3 IMpumeyanusi, OTHOCSIIIMECSI K Ta0JIHMIIAaM 3aIMTHBIX OTHOLIEHWil M TMOPOrOBBLIX YpPOBHEW
neperpy3Ku

Bo u3bexxaHne moBTOpa, €CIIM HE YKa3aHO WHOE, CIEAYIONUe MPUMEYaHnus OTHOCATCS K Tabmumam 2—11 u
Tabmuuam 14-18.

TMPUMEYAHUE 1. — 90-if npoueHTWIb /151 3HAYCHHUS 3alUTHOTO OTHOIICHHUS COOTBETCTBYET 3amute 90% HU3MepeHHbBIX
MIPUEMHHUKOB C YI€TOM 3aJaHHOTO CIBHTA U TTAPaMEeTPa YaCTOTHI, IIPH 3TOM I 3aiuThl 90% H3MEepEHHBIX TIPHEMHUKOB
JIOJDKEH MCIONB30BaThesl 10-i IPOLEHTHITH [UIs TIOpOTa MePerpy3Ku.

IMPUMEYAHUE 2. — Af — 370 pa3HOCTh MKy HEHTPATBbHOMN YaCTOTON MEIIAOIIEro KaHaja M ICHTPaIbHON YaCcTOTOH
MOJIE3HOTO KaHaa.

[NPUMEYAHUE 3. — NR: O He mocturaercs. [1oaToMy Ha 3TOM CIOBHIe YacTOTHI 3aIUTHOEC OTHOIICHHE SBISACTCS
TJIABHBIM KPUTEPHUEM.

IMPUMEYAHUE 4. — 3nauenue PR npumMeHUMO TONBKO B cllydyae, €CJIM YPOBEHb MENIAIOIIEr0 CUTHAJIA HE TPEBHIIIAET
COOTBeTCTBYROIHUH ypoBeHb Oth. Ecim ypoBeHs MEMIAIOIIEro CHTHAA BEIIIE COOTBETCTBYIOMIETO YPOBHS Oth, MPHEMHUK
MTOIBEPraeTCsl BO3ICHCTBHIO MEIIAOIIETO CUTHANIA TIPH JIF00OM OTHOIICHUH CHTHAIA K TTIOMEXe.

[NPUMEYAHUE 5. —[Ipu ypoBHE TMOJE3HOTO CHUTHaNa, ONM3KOM K YYyBCTBHUTEIBHOCTH TPHUEMHUKA, IOJKEH
YUUTBIBATHCS IIyM, HAIIpUMEp MPH TyBCTBUTEIHHOCTH +3 b K 3alIUTHOMY OTHOIIEHHUIO TOJKHO OBITH 100aBieHo 3 ab.

[MPUMEYAHMUE 6. — 3nauenus PR 1 pa3invHbIX BapuaHTOB CHUCTEMbI M PA3IMUHBIX YCIOBHH NpHeMa MOTYT ObITh
TIOJTYYEeHBI C UCIIOIb30BaHNEM ONPaBOYHBIX Kod(duienToB n3 tadbmuisl 10 storo Ilpunoxenus. [Topor neperpysku
CUYMTAETCSA HE3aBUCHMBIM OT BAPHAHTA CUCTEMBI U YCIIOBUI IpHUema.

IMPUMEYAHMUE 7. — 3HaueHus 3aIIUTHBIX OTHOMIEHHH OKPYTJISAIOTCS O ONMKaiIero 1esoro.

TIIPUMEYAHUE 8. — PaiicoBcKHe W CTaTHYHBIC PIJICEBCKHE KaHAIBI CBSI3U OIpeAeieHbl B pasgene 14.1 crammapra
ETSITS 102 831 "Lludposoe teneBusmonnoe Bemanue (DVB); PykoBozmsmme yka3zaHHs 10 BHEIPEHHIO CHCTEM
M(pPOBOro HA3EMHOTO TEIEBU3MOHHOTO BelaHust BToporo mnokosneHus (DVB-T2)". Oxu Takke onucaHbl B CTaHAAPTE
ETSI EN 300 744 "llndposoe rteneBusnonHoe Bemanue (DVB); Crpykrypa Kajapa, KaHaJbHOE KOJIMUpPOBaHHE M
MOAYJISIIHSL AT CHCTEM L(BPOBOro HA3eMHOTO TEICBU3UOHHOTO BEIaHuUs BTOporo nmokojeHus (DVB-T2)".

MNPUMEYAHUE 9. — YpoBuu yreuku MomrHOCTH B cocemnnuii kaHan (ACLR) mis memaronmx curHanoB bC LTE,
HCTIONIE3YEMBIX MPU U3MEPEHUSX, COCTABISIOT He MeHee 60 nb it N-1, 1 OHM SBJISIOTCS CYIIECTBEHHO 00Jiee BRICOKUMH
1t N-2 1 OONIBIINX CABUTOB.
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B Tabmumax 2—11 u tabnunax 14—18 npuBeieHBI 3aIUTHBIC OTHOIICHHS IS TIOJIC3HBIX CUTHAIOB IIU(PPOBOTO
HaszeMHOro tenesuacHns DVB-T2, HCOBITBIBAIOIINX [IOMEXH OT:

- CUT'HAJI0B MG POBOr0 Ha3eMHOT0 TeaeBuaeHuss DVB-T2;
- curnanos 6a3oBoii ctanuuu (bC) LTE;

- curHanos obopynosanus nons3osarens (OIT) LTE.

14 3amuTa curuaja uudpoBoro HazeMHoro tejepuaennss DVB-T2, ucnbIThIBaIOIIEr0 MOMEXH OT
curaajga nudpoBoro HazeMHoro tejesuaenus DVB-T2

B Tabnuiie 2 npuBeCHBI TCOPETHUYCCKHUE 3HAYCHHUS, KOTOPBIE PACCUUTAHBI IS OMPEeICHHOro B Tabmuie |
peKHMMa C MCIIOJIb30BaHHEM MeToa, onucanHoro B Oruete MCO-R BT.2254-2012.

TABJIULIA 2

3anuTHBIE OTHOLIEHHUSA 10 COBMellleHHOMY KaHaxy (1B) nust curnama DVB-T2
(onpenenenHoro B Tadauue 1), HCNBITHIBAIONIET0 TOMEXH OT curiana DVB-T2
B AHAJIOTUYHOM pesKuMe

PaneeBckui
Monyasuus KonoBas TI'ayccoBckmid PajicoBckuii kaHaJ, (craTu4eckuii)
CKOpPOCTh KaHaJ IIpumeuanue 8 KaHaJ,
IIpumeuanue 8
QPSK 1/2 2,4 2,6 3,4
QPSK 3/5 3,6 3,8 4,9
QPSK 2/3 4,5 4.8 6,3
QPSK 3/4 55 58 7,6
QPSK 4/5 6,1 6,5 8,5
QPSK 5/6 6,6 7,0 9,3
16-QAM 1/2 7,6 7,8 9,1
16-QAM 3/5 9,0 9,2 10,7
16-QAM 2/3 10,3 10,5 12,2
16-QAM 3/4 114 11,8 13,9
16-QAM 4/5 12,2 12,6 151
16-QAM 5/6 12,7 13,1 15,9
64-QAM 1/2 11,9 12,2 14,0
64-QAM 3/5 13,8 14,1 15,8
64-QAM 2/3 15,1 15,4 17,2
64-QAM 3/4 16,6 16,9 19,3
64-QAM 4/5 17,6 18,1 20,9
64-QAM 5/6 18,2 18,7 21,8
256-QAM 1/2 15,9 16,3 18,3
256-QAM 3/5 18,2 18,4 20,5
256-QAM 2/3 19,7 20,0 22,1
256-QAM 3/4 21,7 22,0 24,6
256-QAM 4/5 23,1 23,6 26,6
256-QAM 5/6 23,9 24,4 28,0
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B Tabmuie 3 npuBeAeHBI 3alIUTHBIC OTHOIICHHUS JJIS TPEX TUIOB KAaHAIOB mepeaadd (T. €. TayCCOBCKOTO,
paiicoBCKOTO ¥ paneeBckoro). st mpuema Ha (UKCHPOBAHHOE M IEPEHOCHOE OOOPYJOBAHHE CIIEAYET
MPUHSATH 3HAYCHUS, OTHOCSAIINECS K PAaliCOBCKOMY U PAJICeBCKOMY KaHallaM, COOTBETCTBEHHO.

K cuctemam DVB-T2 ¢ mmpunoit nonocs! 6, 7 u 8 MI'Il 10MKHBI TPUMEHSTHCS OJTHU U T€ e MOMPaBKH K
3alIUTHBIM OTHOIIEHMSIM, YKa3aHHbIE B TaOnuLe 3.

TABJIULIA 3

3ammuTHble oTHOmeHus (1b) u mopor neperpysku (a1bm) a5 curnana DVB-T2
(onpeneseHHoro B Taduaune 1), HCHBITHIBAIOIIET0 TOMeXH OT curHana DVB-T2
(ompenenenHoro B Tadiauile 1) B coceTHMX KaHAIAX,
NMPUMEHHTEIBHO K ""KpeMHHeBbIM'' TIOHEpaM

Casur 5 Kou-8o PR Ot
Cnsur kanana N LeHTPAJIbHOM (nb) (nbm)
(xanauan1 8 MI'n) YacTOThI HMCIPITAHHBIX
(MTI'n) NPpHEMHUKOB I[IpouenTuin IIpouenTuin
50-ii 90-ii 10-i 50-i
-9 72 11 -54 -50 -14 0
—4 -32 11 -50 —44 -14 -2
-3 —24 11 —48 —44 -14 —2
-2 -16 11 —47 —43 -15 —6
-1 -8 11 -35 -33 -15 —6
CoBMEIIECHHBIN KaHal 0 11 19,0 19,0 — —
8 11 -32 -30 -15 —6
2 16 11 —46 —43 -15 -5
3 24 11 —47 —43 -14 —2
4 32 11 -50 —44 -13
9 72 11 -54 —49 -13

[IpuBeneHHbIe 3HaYEHUS IPUMEHSIOTCS B CIIy4ae, KOra Moje3Hbli 1 Memaromuii curaansl DVB-T2 umeror
OIHYy W Ty JK€ IIUPHHY IOJIOCHI KaHaya. [ljis JApyrux couyeTaHWi INHPUHBI KaHAJOB HEOOXOIMMBI
JIOTIOJIHATEIbHBIE NUCCIIEIOBAHUS.

Memaloumﬁ CUI'HaJI UMCECT TAKUC KC MapaMCTPhI pEKUMaA, YTO U MIOJIC3HBIN CHUIrHaJI, HO HC KOpPCINPOBAH
C HUM.

3amuTHBIC OTHOIICHUS JJAHbI B 1B M IPUMEHSIOTCS KaK K HEMPEPHIBHBIM, TaK U K TPOMOC(HEPHBIM TIOMEXaM.

15 3amuUTHBIE OTHOIIEHUSI W TOPOrOBble YPOBHH TNeperpy3ku st curHaga DVB-T2,
HCNBITHIBAIOIIEr0 MOMeXHU 0T CUrHAN0B 0a30B0i ctanunu (bC) u 00opynoBanusi Mob30BaTEJIs
LTE

B 3ToM pazzaene npuBeneHb! 3alIUTHBIE OTHOLIEHHUS U TIOPOTOBbIE YPOBHH NEPErpy3Ku 1uis cucteMsl DVB-T2,
rcbIThIBaromieit momexu ot cucteM OFDMA (6a3oBas cranmus) u SC-FDM (o6opymoBanue mMoJIb30BaTENs)
LTE. Bce u3amepeHus as MOJydeHHS ITHX NApaMeTpOB ObUIM BBIOJHEHHI Ha mpueMHuKax DVB-T2,
MpeqHa3HaYeHHBIX A paboTel B Auana3zoHe HacTpodku 470-862 MIu. Bcee wemaromiye curaaibl
HaXOJIWINCH B Iojioce yacToT 759—-862 MI't

[Ipn mpoBeneHWM WCHBITAHUNH WMENOCh JIMITL HeOombIoe koimudecTBO (3) mpuemamkoB DVB-T2 ¢
MOAYJABHBIMU TIOHEPAMH, YTO HE IO3BOJISIET TMPOBECTH CTATUCTHYCCKUA aHaIu3 pE3yJIbTaTOB.
XapakTepHUCTUKU OTICIBHBIX PUEMHHKOB MPUBEACHHI B TaOIMYHOM Buje B [IpmiaraemomM mgokymeHte 2 K
Hacrosemy Ilpunoxenuto.

Xapakrepuctuku curiana LTE, ncnons3yemoro B m3mepenusix, npuseaensl B Otuere MCO-R BT.2215
"M3mepenue 3alUTHBIX OTHOLICHUN U TOpOra Meperpy3Ku Jisi TeIEBU3MOHHBIX IPUEMHUKOB" .
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B Hactosiiee BpeMst MPOUCXOIAT U3MEHEHUS B 00JIaCTH COBMECTHOTO HCIOJIB30BAaHHSA YaCTOT CHCTEMaMH
DVB-T2 u cersmu nmoasmkHOU cBs3u crangapta LTE, mpu 3ToM u3MeHsieTcss KOHCTPYKITUS TEIIEBU3HOHHBIX
TIOHEPOB U CHUTYaIsI ¢ BHEJpeHHeM 0a30BbIX CTaHIMHA. Bce ydacTBYIONIHE CTOPOHBI CTPEMSITCS YIIYUIIUTh
9KCIUTyaTallHOHHbIE XapaKTEePUCTUKUA CBOETO COOTBETCTBYIOIIETO OOOpYIOBaHMs, TaK 4YTO B OJvbKalIem
OyayIeM 3TH TaOJUIBI MOTYT OBITH TIEPECMOTPEHBI.

B cBs3u ¢ m3menennem curHana LTE Bo Bpemenn yxyamenne PR u Oy B HanxyzmmeM ciydae B HEKOTOPBIX
KOHCTPYKLUSIX TIOHEPOB COOTBETCTBYET caMoil Hu3Koi nHpopmanmonHoi Harpyske bC u OIl. B nactosiuei
Pexomenpanmm npeacTaBiieHbl TPU YPOBHSI MH(GOPMALMOHHON HArpy3KH, Tak Kak (akTHYECKYIO HarpysKy
peanbHO pabotaromeit bC u OII Bpsig 11 MOXHO TIpeayraiaTh.

HawBpicuit ypoBeHb 3amuThl (TSI 3alIUTH BEIIAHUS BO BCEX Ciydasx HWH(popMarmoHHoW Harpy3ku bC
u OIl) mocturaercs WCHOJIB30BAHMEM HAWOOJBIIETO 3HAYCHUS 3alIUTHOTO OTHOIICHUS W HAaMMEHBIIETO
3HAYEHWUS TOPOTa MePerpy3Ku IS JTF000# TEXHOIOTHH TIOHEPA.

CI[BI/IF YaCTOTBI U3MEPACTCA MEXKAY HEHTPAJIbHBIMU YaCTOTaMH IMOJIE3HOI'0 U MECIIAOIIET0 CUT'HAJIOB.

151 3amura currana uudpoBoro HazemHoro teaesuaenus DVB-T2, ucnbiThiBalomero nomMexu
ot curnana BC LTE

B cnenyrommx Hibke TabiMIIax MOKa3aHbI 3alIUTHBIE OTHOIICHHSI U TIOPOTOBBIE YPOBHH MEPErPY3KH IS TPEX
Pa3IUYHBIX HHPOPMAIIMOHHBIX HArpy30K, co3naBaembix bC LTE.

TABJINIIA 4

H3mepennbie 3amuTHbIe oTHOLIeHU (1B) A5 curaana DVB-T2
(onpenenenHoro B Tadauie 1), ucneiTbiBaromero nomexu ot curuaja bC LTE
B COCeJHUX KaHAJIaX, IPUMEHHUTEJIbHO K '""KpeMHHUeBbIM' TIOHEpaM

CaBur CaBur PR pas PR nas PR pas
. KoJu-Bo . . .
kaHaja N | uHeHTpaabHOil HCIBITAHHBIX HHPOPMAIMOHHOI | WHPOPMAIHOHHOH | WHpOPpMANHOHHOM
(kaHabI YacTOTHI noneMunkop | TATPY3KH BC 0% | marpy3ku BC 50% | marpysku BC 100%
8 MI'n) (MI'n) P (aB) (aB) (aB)
IIpouentnian IIpouenTnian IlpouenTnian
50-it 90-it 50-it 90-it 50-it 90-it
CoBMmeleH- 0 11 19 19 19 19 19 19
HbII KaHal
AWGN
CoBmMmerneH- 0 11 10 11 18 18 19 19
HBIN KaHall
LTE
1 10 11 —44 —24 —40 -38 -38 —36
2 18 11 -50 -32 —48 —44 —47 —43
3 26 11 -51 -35 —49 —45 —48 —44
4 34 11 -52 -39 -51 —46 -50 —45
5 42 11 -53 —41 =51 —47 =51 —46
6 50 11 -55 —46 -54 —48 -52 —47
7 58 11 -56 —46 -54 —49 -54 —48
8 66 11 =57 —45 -54 -50 -53 —49
9 74 11 -58 —45 -55 -50 -53 —49
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TABJIMIIA 5

H3mepeHHbIe MOPOroBbie ypoBHU Neperpy3ku (1bm) ans curnana DVB-T2
(ompeaesenHoro B Tadauie 1), ucneiThiBaomero nomexu ot curuaja bC LTE
B COCETHUX KaHAJaX, IPUMEHHUTEIbHO K "KpeMHHeBbIM'' TIOHEpaM

Casur CaBur Ot mast Oth st Oth st
. Koa-Bo . . .
kaHajga N | HeHTpaJbHOI HCIBITARHDIX uHpopManuoHHOH | MHGOPMALUOHHON | MHPOPMALMOHHOM
(kaHaJIBI 4acToThI npnemunkos | MATPY3KH BC 0% | narpy3ku BC 50% |narpysku BC 100%
8 MI'n) (MTI'w) P (abm) (abm) (abm)
Ipouenrnin IIpoueHTHIBL IIpoueHTHIBL
10-i 50-ii 10-i 50-i 10-i 50-ii
1 10 11 -18 —6 -15 —6 -13 -8
2 18 11 -14 1 -12 -2 -13 -3
3 26 11 -12 3 -13 0 -12 -1
4 34 11 -11 5 -12 2 -12 0
5 42 11 -10 6 -12 3 -12 2
6 50 11 -10 4 -12 2 -12 2
7 58 11 -10 4 -11 2 -12 1
8 66 11 -10 4 -12 2 -12 1
9 74 11 -10 5 -12 3 -12 1

152 3amura currana uudposoro HazemHoro teaesuaenuss DVB-T2, ucnbiThiBaomero nomMexu
ot curnana OIl LTE

B creaytomux HIKe TabIUIAX MOKa3aHbI 3alIUTHBIC OTHOIICHHS M TOPOTOBBIE YPOBHH MEPErPy3KH AJISl TPEX
pa3nu4HbIX HHGOPMAIMOHHBIX Harpy3ok OII:

Tabnuua 6 — PesynbraTsl m3mepenuit PR mia OIl 6e3 yuera nomnpaBku
Tabmuma 7 — Onenka ACLR OIT va ocaoBe macok 3GPP TS 36.101 u ETSI

Tabnuna 8 — Pesynbrarel n3mepenuit PR g Oll ¢ yueTom monpaBku Ha yXyALIEHHE 32 CYET BHETIOJIOCHOTO
mryma OIT

Tabnuua 9 — PesynbraTsl u3MepeHuii nopora neperpysku s OIL.
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TABJINIIA 6

3amuTHble oTHOmEHUs (1B) 6e3 yuera monpaBku 15 curiaia DVB-T2
(ompenesenHoro B Tadauie 1), ucneiThiBaromero nomexu ot curuaja OIl LTE
B COCETHUX KaHAJAX, IPUMEHHUTEIbHO K "KpeMHHEBbIM'' TIOHEpam

HNudopmanuonnas
CHBHFN Hudpopmannonnas Hndpopmannonnasi | narpyska OIT 20 M6ut/c
KaHaja
AL Koa-Bo Harpy3ka OII 1 M6wut/c | Harpy3ka OII 10 Mont/c ACLR renepatopa
8 MI'u/(caBur P:?J“;i‘{'::(“: ACLR renepaTtopa ACLR renepaTtopa CHIHAJIOB =
LeHTpaILHOi pue 0 curnaJsos = 100 b, curdanos = 100 nb, 67,8 n1b (N+1)
4ACTOTHI) BCE CABMIH BCE CABUTH 80,4 nb (N+2)
100 a1b (N+3 no N+9)
Ipouentnias PR Hpouentuias PR Hpouentunins PR
(1B) (1B) (1B)
50-ii 90-ii 50-ii 90-i 50-ii 90-ii
CoBMeIICHHBIH 11 19 19 19 19 19 19
kanair AWGN (0)
CoBMeIICHHBIH 11 10 11 18 18 19 19
kanan LTE (0)
1/(10) 11 -36 -19 —41 -39 —41 -39
2 (18) 11 41 —24 47 —45 47 —43
3 (26) 11 —44 —26 48 —45 -50 —44
4 (34) 11 —46 —36 48 —45 -52 —45
5 (42) 11 47 —37 —48 —44 —54 —46
6 (50) 11 -50 -38 49 —43 -52 —45
7 (58) 11 -50 —41 49 —44 -53 —44
8 (66) 11 -50 —41 —49 —42 —54 —45
9 (74) 11 -50 —43 -49 —43 -54 —47

B 3ammutabie otHOmEeHUs OIl BHeceHs! monpasku s onieHok ACLR OII B coceHUX U HE COCETHUX KaHAIax
8 MI'1, yuuThIBarOIIME YXY/IICHUE 3AIIUTHOTO OTHOIICHUS, KOTOPOES BBI3BAHO BHEMONOCHBIM IrymMmom OI1.
Onenku ACLR ocHOBaHBI Ha Macke, IPUBEACHHOM B Tabmuie 6.6.2.1.1 crargapra 3GPP TS 36.101 v.11.1.0,
u tpeboBanun npoekta cranaapra ETSI 301-908-13 k ypoBHIO BHENOJIOCHOTO IIyMa, paBHOMY —65 nbMm, B
nosioce 470—790 MI'1. Dtu olieHKH yKa3aHbl B Ta0uIe 7.

TABJINIIA 7

3agannsie 3HaYeHus:t ACLR OII pis 3navenuii PR OII ¢ yueTom nmonpaBku

Caur
CnBur kanana N LHEeHTPaAJbLHOI ACLR
(kanaab1 8 MI') 4aCcTOThI (nb)
(MI'u)
1 10 25,2
2 18 32,2
Jpyrue 3Ha4eHUsI CABUTa 26-74 88,0
(cooTBeTCTBYIOIITHE
OTHOILIEHHIO
—65 nbm/8 MI'r)
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3HadYCHUS PRo IJId COBMCHICHHOI'O KaHalla, HCIIOJIb30BAHHBIC TPHU PacCdCTC MOIPABOK, COOTBCTCTBYIOT

rokazatersiMm AWGN, nmpuBeaeHHBIM B Tabnwmie 8. Hrrke IpUBOINTCS ONMMCAaHUE METOAA pacdeTa IMOMPaBoOK
ACLR.

HToroBoe 3alMTHOE OTHOIICHWE ONpeAesieTcss B JBa OJTama. BHavame it caBura 9actoThl  Af
paccUMTHIBAETCS YyBCTBHUTEIBHOCTh TPHEMHHKAa 10 coceaHnemy kanamy (ACS) ¢ wucmomb30BaHUEM
H3MEPEHHOTO 3aIIUTHOro oTHomreHus mnpu casure (PR(Af)), 3ammTHOro OTHOIIEHMS IS COBMEIIEHHOTO
kanana PRo u Benmmunnabl ACLR reHeparopa Memaronyx CUrHaioB:

_ PRy—PR(Af) _ ACLR

ACS(Af)=-10log0 % —-10 10 ),

3arem momydenHoe 3HadueHne ACS DTT umcmomb3yercss ams ompezeneHHs] COOTBETCTBYIOIIMX 3aIlIUTHBIX
OTHOILIEHUH 10 coCeTHEMY KaHaTy JJIsl MEIIAIOIIero OKOHEYHOT0 YCTPOICTBa, KOTOPOE MOXKET UMETh JpyTre
xapakrepuctuku ACLR.

Hroropoe 3ammtHOe oTHOleHue, PR'(Af), 3aBucut ot ACS u ot ACLR ycrpoiictBa LTE npu casure (Af),
ACLR’:
—ACS —ACLR'

PR'(Af) = PR, +10log(10 1© +10 120 ),

3TOT METOJl MOKHO HMCIOJIB30BaTh M AJIsi 0OpaTHOro npeobpasoBanus 3HaueHUs: PR ¢ yyerom mompasku B
3naueHne PR Ge3 ydera mompaBku, 9TOOBI MOKHO OBUIO pacCUMTATh BIMSHHE PA3IMYHBIX IOIMYIIECHHI
otHocutenbHOo ACLR OIL

Cnenyer ormetuthb, uTo 3HaueHHss ACLR m ACLR' B mpuBEeIEHHBIX BBIIIE YPAaBHEHUAX OCHOBAaHbI Ha
W3MEpPEHMSIX MOIIHOCTH C MCIIOJIb30BaHMEM IIUPUHBI Tojockl Memtamomiero curHana LTE (manpumep,
10 MI't) u mmpuHBL OJIOCH MoJie3Horo curHana DVB-T2 (nanpumep, 8 MI'1) mpu COOTBETCTBYIOIINX
C/IBHTaX YacTOThI MEIIAIOIIEI0 CUIHANA.

TABJINIIA 8

3amuTHble oTHOmEeHns (1b) ¢ yuerom nmonmpaskm ais curnana DVB-T2
(onpeaenenHoro B Tadauue 1), ucnpiTbiBaromero nomexu ot curuaja OIl LTE
B COCeJHUX KaHAJIaX, IPUMEHHUTEIbHO K '"KpeMHHeBbIM'' TIOHepaM

HNudopmanuonnas
Casur Hudopmanuonnas Hudopmannonnas | marpyska OIT 20 MouT/q
K]‘:‘::;;blf KoJj-Bo Harpy3ka OII 1 M6ut/4y | Harpy3ka OII 10 MouT/4 ACLR renepatopa
8 MI'n/(caBur ncm;nam::x ACLR renepaTtopa ACLR renepaTtopa CHTHAJIOB =
eHTPATLHOI NMPpUEMHHKOB curnajos = 100 ab, curaajios = 100 nb, 67,8 n1b (N+1)
4ACTOTHI) BCE€ CABHTH BCE CABUTH 80,4 n1b (N+2)
100 a6 (N+3 1o N+9)
Hpouentnis PR Hpouentuas PR Hpouentuis PR
(1b) (ab) (ab)
50-i 90-ii 50-ii 90-i 50-ii 90-ii
CoBMelleHHBIN 11 19 19 19 19 19 19
kanan AWGN (0)
CoBMeIlIEeHHBIN 11 10 11 18 18 19 19
kanan LTE (0)
1/(10) 11 -6 —6 -6 —6 —6 —6
2 (18) 11 -13 -13 -13 -13 -13 -13
3 (26) 11 —44 —26 —48 —45 -50 —44
4 (34) 11 —46 —36 48 —45 -52 —45
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TABJINIIA 8 (oxonuanue)
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HNudopmanuonnas
Casur Hudpopmannonnas Unpopmanuonnas | marpyska OIT 20 Mout/4
KaHana N Kou-Bo narpyska OII 1 M6ut/4 | narpyska Ol 10 M6ut/4|  ACLR remeparopa
KaHaJIbl
8 MI'u/(caBur HCIBITAHHBIX ACLR renepaTtopa ACLR renepaTtopa CHTHAJIOB =
nenTpanbHoii | | PHEMITHKOB curnayos = 100 ab, curnaios = 100 gb, 67,8 1B (N+1)
4acTOTHI) BCE CABMIH BCE CABUTH 80,4 n1b (N+2)
100 a1b (N+3 no N+9)
IIpouentmins PR IIpouentuias PR IIpouentmins PR
(1b) (1b) (1B)
50-i 90-i 50-i 90-i 50-ii 90-ii
5(42) 11 —47 =37 —48 —44 —54 —46
6 (50) 11 -50 -38 —49 —43 -52 —45
7 (58) 11 -50 —41 49 —44 -53 —44
8 (66) 11 -50 —41 —49 —42 —54 —45
9 (74) 11 -50 —43 49 —43 -54 —47
TABJINIIA 9

H3mepennble OporoBbie ypoBHU Neperpysku (1bm) ans curnana DVB-T2
(onpeaenenHoro B Tadauue 1), ucnpiTbiBaromero nomexu ot curuaja OIl LTE
B COCeJHUX KaHAaJaX, IPUMEHHUTEJbHO K '"KpeMHHeBbIM'' TIOHEpaM

K;Haier eﬂfn::iﬂoﬁ Koa-Bo Hndpopmannonnas | Uadopmanuonnas | Unpopmannonnas
(kananbi ! qalc)TOTbl HMCHBITAHHBIX Harpyska OIl Harpyska OIl Harpy3ka OIl
8 MI'n) (M) NMPHEeMHUKOB 1 Mout/c 10 Mowut/c 20 Mout/c
Ot Ot Otn
(nbm) (nbm) (nbm)
10-ii 50-i1 10-ii 50-i1 10-i 50-i1
1 10 11 -37 -6 -15 -5 -12 -5
2 18 11 -12 5 -11 0 -11 0
3 26 11 -10 6 -11 2 -11 0
4 34 11 —24 5 -11 2 -11 1
5 42 11 -10 6 -11 2 -11 1
6 50 11 -10 6 -11 2 -11 2
7 58 11 -10 5 -11 2 -11 2
8 66 11 -10 5 -11 2 -11 2
9 74 11 -11 6 -11 2 -11 2
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1.6 Ionpapounble KO3IPPUUHMEHTHI JJIs PA3JIUMYHBIX BAPHAHTOB IOJIe3HOI cuctemMbl DVB-T2
U Pa3JIMYHBIX YCJIOBMIi mMpuemMa

Tabnmuma 10 Oputa moaroroBneHa s curHaoB DVB-T2, ncmons3yrommx Apyrue peKUMBI, KOTOPBIS
WCIBITHIBAIOT TOMEXH OT cUrHanoB DVB-T2. 3HaueHus B TaOIUIE pPaCCYMTAHbI KaK pa3HUIA B OTHOIICHUSIX
CIN mit AWGN Mexay ApYyruMH PEKUMaMH M 3TAIOHHBIM PEKUMOM, YKa3aHHBIM B TabJuIe 1, 1 UX Cleayer
HCIIOJIb30BaTh OCTOPOXKHO, OCOOCHHO B ciiydae Ooublioi pasuuiia B 3HaueHusix C/N mus TpeGyemoro u
STAJIOHHOTO PEXKUMOB. JTH 3HAYCHUS CIIe HE TPOBEPEHBI MOCPEACTBOM H3MepeHus. Mx mpesaraercs
WCIIONIb30BaTh JUIS JAPYTUX THUIIOB MEIIAIONIMX CHUTCHAJIOB, HO IS WX THOATBEPXKACHUS HEOOXOIUMBI
JanbHENIINE NCCIEeI0BaHNUS.

TABJIMLIA 10

OueHKkM TeopeTHYeCKUX NONMPABOYHBIX K03¢ (PUIHEeHTOB /s 3aIIUTHBIX oTHOIIeHUi (1)
JJIsl Pa3JIMYHbIX BAPMAHTOB M0Jie3H0i cucreMbl DVB-T2 (ucnbiThiBalowiei momexu or DVB-T2
WJIM APYTHX CJIYK0) 110 OTHOLIEHHIO K YKa3aHHOMY B Ta0Jjuue 1 3TaJOHHOMY pexumMy

PaneeBcknii
Monyasuus KoxoBasi ckopocTs T'ayccoBckmid PajicoBckuii kaHaJ, (craTu4eckuii)
KaHaJ Ipumeuanue 8 KaHaJ,
IIpumeuanue 8
QPSK 1/2 -17,3 -17,1 -16,3
QPSK 3/5 -16,1 -15,9 -14,8
QPSK 2/3 -15,2 -14,9 -13,4
QPSK 3/4 -14,2 -13,9 -12,1
QPSK 4/5 -13,6 -13,2 -11,2
QPSK 5/6 -13,1 -12,7 -10,4
16-QAM 1/2 -12,1 -11,9 -10,6
16-QAM 3/5 -10,7 -10,5 -9,0
16-QAM 2/3 -9,4 -9,2 -7,5
16-QAM 3/4 -8,3 -7,9 -5,8
16-QAM 4/5 -7,5 -7,1 —4,6
16-QAM 5/6 -7,0 -6,6 -3,8
64-QAM 1/2 -7,8 -7,5 =57
64-QAM 3/5 -5,9 -5,6 -3,9
64-QAM 2/3 —4.6 -4,3 -2,5
64-QAM 3/4 =31 -2,8 -0,4
64-QAM 4/5 -2,1 -1,6 1,2
64-QAM 5/6 -1,5 -1,0 2,1
256-QAM 1/2 -3,8 -3/4 -14
256-QAM 3/5 -15 -1,2 0,8
256-QAM 2/3 0,0 0,3 2,4
256-QAM 3/4 2,0 2,3 4,9
256-QAM 4/5 3,4 3,9 6,9
256-QAM 5/6 4,2 47 8,3

[lo cpaBHEHHIO CO CTATHYECKHUM DPIJIEEBCKUM KaHAJIOM Iepeadyd MEHSIOIMEMYCS BO BPEMEHHU PAIIEEBCKOMY
KaHally, KOTOpPBIA COOTBETCTBYeT mnpuemy curHaioB DVB-T Ha nepeHocHoe obOopynoBaHue, TpeOyroTcs
CYIIECTBEHHO OoJjiee BBICOKHE 3alllUTHBIE OTHOIIEHMA. J[1s omeHKH 3Toro 3Qdexra HeoOXOAUMBI
JOOIIOJHUTECIIbHBIC U3MCPEHUS.
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1.7 Brui6op PR u O 15151 ucclieioBaHuii COBMECTHOTO HCIIOJIb30BAHUS YACTOT

B Tabmuie 11 mpuBemeHsl pekoMmeHmoBaHHBIC 3HadeHHS PR u Owm, KOTOpBIE MOJDKHBI TMPHMCHSTHCS B
WCCIIEIOBAHUAX COBMECTHOTO HWCIIONB30BaHMS 4acTOT. [IpiMeHeHne 3TWX 3HAa4YeHWH OO0eCTIeYuT 3amIuTy
90% npreMHHUKOB (Cpenu BceX M3MEPEHHBIX 14 TIOHEpOB) MpH JOOBIX MHPOPMAIIMOHHBIX Harpys3kax. Jlis
OI1 ucnonp3oBaniocs 3HaueHre PR st 90-ro mporeHTHIIs ¢ y4eToM OIIPaBKH Ha OCHOBE 33JaHHBIX 3HAUEHUH
ACLR OII, xoTopsie mpuBeeHbI B TAOTHIIE 7.

TABJIMLA 11

Pexomennyembie 3HaueHusi PR u O, KOTOpBIE J0KHBI HCI0JIb30BATHCS B HCCJIEI0BAHUIX
COBMECTHOI'0 MCII0JIL30BAHMS YACTOT, AJs1 curHana DVB-T2 (onpenesennoro B Tadanue 1)
B IPUCBOEHHOM KaHaJjie, HcHbIThbIBaomeM noMexu ot curuajia bC uau OIl LTE B coceqnux kanaaax,
NPHUMEHNTEJILHO K COYeTaHNI0 3 MOAYJIBHBIX B 11 "KpeMHHeEBBIX" TIOHEPOB

CaBur
Casur kanaiaa N LHEeHTPAJbLHOM BEC LTE OM LTE
(xkanaabi 8 MI'n) 4acTOThI
(MTI'n)
PR ¢ yuerom
PR Ot N Otn
(nb) (abm) (1B) (abm)
CoBMEIIEHHBIN KaHal 0 19 — 19 —
(AWGN)
COBMeEIIIEHHBINH KaHal 0 19 - 19 -
(LTE)
1 10 -25 -16 -6 -30
2 18 -33 -12 -13 -11
3 26 -36 -11 -28 -10
4 34 -40 -13 -37 -20
5 42 -43 -11 -38 -10
6 50 -46 -11 -40 -9
7 58 —47 -11 -42 -9
8 66 —46 -11 -43 -10
9 74 -46 -10 —44 -10
1.8 Biausinue momex oT nmepexoHOro Npouecca Ha 3allUTHbIe OTHOIICHHUSA

B mpenpinynux pasaenax npeanonaranoch, YT0 HICTOYHUK TOMeX ObIT aKTUBEH B MOMEHT ITpHEeMa MOJIe3HOT0
curiajja DTT. B HexmaBHHMX wHCCIeIOBaHUSX OBUIM TOJYYCHBI CYIIECTBEHHO O00Jiee BBICOKHE 3alllUTHBIC
otHoueHus (10—12 nb) npu BKIIIOYEHNH UCTOYHHKA ITOMEX MOCJIe Havyaja npuema mosesnoro curnana DTT.
JlaHHOE BIIMSTHHE OCOOCHHO XapaKTEpHO JIJIs CIyYaifHOW moMexH, Kak Hanpumep, B ciaydae OI1 LTE, korna
MOTYT HaOJIIOAAThCS OOJBIINE MEePEPHIBHI (MHOTO CEKYH/I) B aKTUBHOCTH TMOJIB30BATENs, YTO MO3BOIUT APY
npueMHrka DTT ycTaHOBUTH ypOBEHB CHUTHAja, COOTBETCTBYIOIIMN OTCYTCTBHUIO MoMmeX. [Ipumepsl Takux
MIOMEX BKJIFOYAIOT:

- NEPUOJUUECKII ONpPOC CEpPBEpOB AaHHBIX 1O TexHonoruu '"pull" (Hanmpumep, oOHOBIEHHE
3JIEKTPOHHOM MOYTHI, IPUIIOKEHHS IJIs1 COLIMAIbHBIX CETeH);

— COOOIIeHUs JUIsl TPOBEPKH TMOAKIIOUEHUsT Ha akTtuBHOCTh ("keep alive") mis mpuiioskeHud c
OTCIIS)KUBAHUEM COCTOSIHUN;

- JIpyroii TpapuK ceTeBON CUTHATHU3ALIUH.

[HoapoOnas nadopmanmsa o0 3TUX U3MepeHusx npuseaeHa B [Ipunaraemom nokymente 3 k [Ipunoxenuto 1.
OTH U3MEPEHNUS SABJISIFOTCS IPEBAPUTEIBHBIMU U HY)KJAIOTCS B IOTIOJTHUTENBHBIX UCCIEAOBAaHUAX.
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2 MuHuMaIbHAS HANPSIKEHHOCTH MOJIA AJ151 Ha3eMHOro uugposoro reaesugenuss DVB-T2

dopmyrna I pacdeTa MUHHMAaJIbHOW HANpsHKEHHOCTH MO mpuBeneHa B [lpumaraemom moxkymente 1 k
[punoxenuto 1. st npyrux pexuMoB nprema (IpueM B CEeNIbCKUX palioHaX Ha MOOWIIBHBIE YCTpPOMCTBA,
MpUEeM BHE TIOMCIICHUS Ha MOPTATHBHBIC NIEPEHOCHKIC YCTPOMCTBA M MPUEM Ha MOPTATUBHBIC MOOWILHBIC
YCTPONCTBA CO BCTPOCHHON aHTEHHOM ) pacueThl HANPSHKEHHOCTH 1modist uMerotest B Otuete MCD-R BT.2254 —
"YacTOThI M aCIEKTHI IUTaHUpOBaHus cereiit DVB-T2",

TABJIMLIA 12

Pacuer MUHIMAJILHO HANIPSIKEHHOCTHIO MOJIA AJs cucTembl DVB-T2 8 MI'n
Ha yacrote 200 MI'n

IlepenocH.
IlepenocH.
dukcup. ycTp-Ba, BHE yerp-sa,
DVB-T2 B Iuana3zone I11 i BHYTPH
ycTp-Ba nomeuieHus/
ropon, p-u noMereHus/
ropoj. p-H
YactoTta Freq MTI'n 200 200 200
Munumansroe C/N, Tpebyromieecs CIN b 20,0 17,9 18,3
cHCTEME
Bapmuant cuctemsl (mpumMep) 256-QAM 64-QAM 64-QAM
FEC 2/3, 32k, FEC 2/3, 32k, FEC 2/3, 16k,
OO6brunbiii PP7 | OObrunsiii PP4 | OObrunbiii PP1
BburoBas ckopocTh Mowut/c 30-35 22-25 19-24
(OpHEHTHPOBOYHBIC 3HAYCHH)
KoadduumenT nryma npreMHuKa b 6 6 6
DKBHBaJICHTHAS [IIyMOBAs MOJIOCA B MTI'g 6,66 6,66 6,66
MoIHOCTh IITyMa Ha BXOJE Pn nbBT -128,6 -128,9 -128,5
NpHEMHHUKA
MuHanManpHas MOIHOCTE CUTHAJIA Ps min nbBT -109,7 -111,8 -111,4
Ha BXOJI¢ IPUEMHHUKA
MuHUManbHOE SKBUBAJICHTHOE Unin nbmkB 29,0 26,9 27,3
HalnpsDKeHUE Ha BXOJE NPUEMHHKA,
75 Om
[otepu B dunepe Lt nb 2 0 0
YcuneHnne aHTEHHBI, OTHECEHHOE K Gy nb -2,2 -2,2
YCHJICHHIO TIOJTYBOJIHOBOTO JAUTIOJS
O¢ddexruBHas anepTypa aHTCHHBI Aa nbm? 1,7 -7,5 -7,5
MuHanManeHas IIOTHOCTH ITOTOKA Din ab(BT)/m? -109,4 -104,3 -103,9
MOIIHOCTH B MECTE IIpHUeMa
MunnMansHas DKBUBAJICHTHAS Emin nbmkB/Mm 36,4 41,5 419
HAaIpsHKEHHOCTD HOJIS B MECTE
npueMa
Jlomyck Ha IIyMbl HCKYCCTBEHHOTO Prmn ab 2 8 8
MPOUCXOXKICHHS
Iotepu Ha MPOHUKHOBEHHE Lb, Ln nb 0 0 9
(B 31aHME MM TPAHCIIOPTHOE
CpEJCTBO)
CranpapTHOE OTKIOHEHHE NOTEPh Ha ab 0 0 3
MPOHUKHOBEHUE
Benrpsiin 3a cueT pa3HeceHust Div nb 0 0 0
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TABJINIIA 12 (oxonuanue)
Tepenocn. IlepenocH.
Duxcup ycTp-Ba, BHE yerp-ea,
DVB-T2 B Aunanazone 111 ) i BHYTPH
ycTp-Ba nomelenus/
ropo, p-u noMeneHus/
ropoj. p-H
BeposiTHOCTH 0XBaTa MecCT % 70 70 70
Koadpunmenr pactnpenenenus 0,5244 0,5244 0,5244
CraHaapTHOE OTKIIOHEHHE 55 5,5 6,3
[TompaBo4HBI KOAPPUIHAEHT IS Ci b 2,8842 2,8842 3,30372
MECTOIIOJIOKEHUS
MunanMansHas MeInaHHas Drned ab(BT)/m? -104,5 -93,4 -83,6
IUIOTHOCTb IIOTOKA MOILITHOCTH Ha
seicoTe ipuema™; 50% BpemeHu u
50% wmect
MunuManbpHast MeguaHHast Emed nbMkB/M 41,3 52,4 62,4
9KBHBAJICHTHAs! HAIIPSHYKEHHOCTb
nosist Ha Bbicote npuemaly;
50% Bpemenu u 50% mect
BeposiTHOCTH 0XBaTa MeCT % 95 95 95
Koadpduument pacnpeneneHus 1,6449 1,6449 1,6449
CranmapTHOE OTKJIOHECHUE 55 55 6,3
[MTonpaBo4HBIA KOAPPUIMEHT IS Ci nb 9,04695 9,04695 10,36287
MECTOIOJI0XKEHHS
MuHuManbHas MeqHadHast IJI0THOCTE Dred 1b(BT)/M? -98,4 -87,3 -77,6
HOTOKA MOIITHOCTH Ha BBICOTE
npuema®; 50% Bpemenu u 50% mect
MunanMansHas MeIuaHHas Emed nbMkB/M 47,4 58,5 69,2
OKBHUBAJICHTHASI HATIPSKEHHOCTD
nons Ha BeIcoTe mpremaly;
50% Bpemenu u 50% Mect
@ 10 M ans mpuema Ha GUKCHPOBAHHOE YCTPOMCTBO U 1,5 M ISl APYTHX PEXKUMOB TIPHEMA.
TABJINLA 13
Pacyer MUHIMAJILHOTO YPOBHS HANPSKEHHOCTH NoJjs cuctemsl DVB-T2 8§ MI'n
Ha yactoTe 650 MI'n
Tepenocn. IlepenocH.
®uxcup yCTp-Ba, BHe yerp-ga,
DVB-T2 B Iluana3one IV/V ) > BHYTPH
ycTp-Ba nomMeuenus/
ropon, p-u noMeLeHus/
ropoj. p-H
Yacrtora Freq MTI'g 650 650 650
Munumaisaoe C/N, Tpebyromieecs CIN nb 20,0 17,9 18,3
cucreme
Bapuant cuctemsl (pumep) 256-QAM 64-QAM 64-QAM
FEC 2/3, 32k, FEC 2/3, 32k, FEC 2/3, 16k,
Pacmmmpennslii | Pacumpennsiii | PacmmpeHHbIi
PP7 PP4 PP1
BuroBas ckopocTb Mowut/c 35-40 26-29 23-28
(OpUEHTHPOBOYHBIC 3HAYCHUS)
Koaddunuent myma npuemnanka F ab 6 6 6
DKBUBAJICHTHAS IITyMOBas T0JI0Ca B MI'1g 1,77 7,77 17,77
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TABJINIIA 13 (oxonuanue)

Tepenocn. IlepenocH.
CTp-Ba,
DVB-T2 B Iluana3one IV/V Puxcnp. yeTp-Ba, BHE }I;H)I’)Tpl/l
ycTp-Ba moMenienus/
ropox. p-H noMeneHus/
ropoj. p-H

MOIIIHOCTb IIyMa Ha BXOJIE Pn nbBT -128,0 -128,3 -127,9
MPUEMHHKA
MuHuManpHasi MOIIHOCTb CUTHAJIA Ha Ps min abBT -109,1 -111,2 -110,8
BXOJI€ IPUEMHHUKA
MuHMMaIbHOE SKBUBAICHTHOE Unin 1bMkB 29,7 27,6 28,0
HanpsHKEHUE HAa BXOJIE PHEMHUKA,
75 Om
[otepu B punepe Lt nb 4 0 0
YcueHne aHTeHHBI OTHECEHHOE K Gy nb 11 0 0
YCHJICHHIO TTOJIYBOJIHOBOT'O TUTIOJNS
D¢ dexTrBHas anepTypa aHTECHHEI Aa nbm? -4,6 -15,6 -15,6
MuHuManpHast INIOTHOCTH ITOTOKA Dnin ab(BT)/m? -100,5 -95,6 -94,2
MOIIIHOCTH B MECTE IpHUeMa
MuHuManbHas SKBUBAJICHTHAS Emin nbMkB/M 45,3 50,2 50,6
HAMpPSHKEHHOCTD TIOJIS B MECTE TpHeMa
Jlonyck Ha I1yMbl HCKYCCTBEHHOTO Pmmn ab 0 1 1
MPOUCXOMKACHHS
[ToTepu Ha MPOHUKHOBEHHUE (AJIS Ly, Ln nb 0 0 11
3IaHUsI WM TPAHCIIOPTHOTO CPECTBA)
CraHJapTHOE OTKJIIOHEHHE TOTEPh Ha nb 0 0 6
MPOHUKHOBEHUE
Brrurpeimr 3a cuer pa3HeCeHUs Div nb 0 0 0
BeposiTHOCTH 0XBaTa MecT % 70 70 70
KoaddunmenT pacrnpeneneHus 0,5244 0,5244 0,5244
CraHgapTHOE OTKJIOHECHHUE 55 55 8,1
[TonpaBo4HbIH KOIPPUIHUEHT Is Ci b 2,8842 2,8842 4,24764
MECTOIIOIOKEHHUS
MuHuMmanbpHas MeuaHHas TNIOTHOCTH Dred 1b(BT)/m? -97,6 -91,7 -79,0
[OTOKA MOIHOCTH Ha BLICOTE
npuema®; 50% Bpemenu u 50% MecT
MunuMmanbpHass MeguaHHast Emed nbMkB/M 48,2 54,1 66,8
JKBUBAJICHTHAsI HAMPS)KEHHOCTh
nosist Ha BbicoTe npuemaly;
50% Bpemenu u 50% mect
BeposiTHOCTB 0XBaTa MeCT % 95 95 95
Koadduument pacripeneneHus 1,6449 1,6449 1,6449
CraHgapTHOE OTKJIOHEHUE 55 55 8,1
[TompaBoYHBIH KOAPPUIHAEHT IS Ci b 9,04695 9,04695 13,32369
MECTOIIOJIOKEHHS
MunanManpHas MeqraHHas INIOTHOCTH Drned 1b(BT)/M? -91,5 -85,6 —72,3
[IOTOKA MOIIHOCTH Ha BBICOTE
npuema’; 50% Bpemenu u 50% mecT
MunumanbHas MeauaHHas Emed nbMkB/M 54,3 60,2 75,9

SKBUBAJICHTHAS HAMPAKEHHOCTh
noxns Ha BbicoTe npuemay;
50% Bpemenu u 50% mect

@ 10 M ans mpuema Ha GUKCHPOBAHHOE YCTPOHCTBO U 1,5 M JUIA APYTHX PEKUMOB PHUEMA.
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3 CrnpaBo4HbIe JOKYMEHTbI

[1] Report ITU-R BT.2215 — Measurements of protection ratios and overload thresholds for broadcast
TV receivers.

[2] Report ITU-R BT.2254 — Frequency and network planning aspects of DVB-T2.

IIpunaraemplii 1okymMmeHT 1
K [Ipunoxenuro 1

Pacyer MUHUMAJIBbHOM HATIPAKEHHOCTH MOJI U MUHMMAJIbHOU MeTHAHHOU
IKBHBAJIEHTHOM HANPSAKEHHOCTH TOJISI

3HaueHUs]T MHUHUMANbHOW HANPSDKEHHOCTH IMOJIE W MHUHUMAJIBHOM MEAMAHHOW  SKBUBAJICHTHOMN
HAIPSKEHHOCTHU TOJISI PACCUUTHIBAIOTCS C UCIIOJIH30BAHUEM CIICTYIOIINX YPABHEHHIA:

P, = F + 10 log (k To B)
Ps min = C/N + Pn
Aa = G + 10 log (1,64A%/4 7)
Q@min = Ps min — Aa + Lt
Emin = (Pmin + 120 + 10 |Og (120 TE)
= (Pmin + 145,8
Emeda = Emin + Pmmn + Ci JUTS TIprieMa Ha (PUKCHPOBAHHOE
YCTPOHCTBO, YCTAHOBJICHHOE Ha
YpOBHE KpbIIIH
Emeda = Emin + Pmmn + Ci + L JUTS TIpHeMa Ha TIepEeHOCHOe
YCTPOMCTBO BHE MOMEIICHUHN U Ha
MOOMJIBHOE YCTPOHCTBO
Emea = Emin + Pmmn + Ci + Ln + Lo JUTSI IPHEMA Ha IEPEHOCHOE
YCTPOMCTBO BHYTPH IIOMEIIECHUN 1
Ha MOOMJIBHOE OPTaTHBHOE
YCTPOUCTBO
C = K - ot

ot = AJoR+od,

rue:
Pn:  MomHOCTH HrymMa Ha Bxoje npuemHuka (1bBr);
F: xo3ddunment myma npuemuuka (nb);
k: mnocrosunas Bonsumana (kK = 1,38 x 102 (JIx/K));
To: abcomorras temnepatypa (To = 290 (K));
B: mymoBas nonoca npuemnrka (B = 7,61 x 10° (I'm));
Psmin: MHMHUMaJbHas MOLIHOCTh Ha BXoj€ NpueMHuka (1bBT);
CIN: ornomenue S/N mo PY Ha Bxoze npuemMHuka, TpeOyromeecs cucreme (ab);
Aa:  >0dexTuBHas anepTypa aHTeHHBI (1bM?);

G: YCHIICHHUEC AaHTCHHBI, OTHCCCHHOC K YCUJICHUIO MMOJIYBOJIHOBOTO JUIIOJIA (,Z[B,Z[),
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Qmin -

Lf .
Emin :
Emed :

Prmmn :

LhZ
Lp:
C:

Gt .

Ob -

Pex. MC3-R BT.2033-1

JUTHHA BOJIHBI CUTHAJA (M);

MHHHMAaJIbHAA ILILM. B MecTe rpuema (n1b(Bt/m?));

norepu B punepe (nb);

SKBUBAJICHTHAS] MHHIMAJIbHAS HAMIPSKEHHOCTD IOl B MecTe npueMa (nb(MxB/M));

MUHHMAJIbHAS MEJHaHHas DKBUBAICHTHAS HANPSHKCHHOCTh TMOJNS, 3HAYCHUE JUIS
maaupoBanus (nb(MkB/M));

JIOITYCK Ha IIYMBI HCKYCCTBEHHOT'O IIpoucXokaeHus (1b);
MOTEPH 10 BBICOTE (TOUKa Mpuema Ha 1,5 M Beiie ypoBHs 3emiu (1b));
HOTEpU MPH MPOXOKICHUY 31aHHUsI WK TPAHCIIOPTHOTO cpenctsa (ab);

MOTPABOYHBIN KOAPPUIMEHT sl MecTononoxenus (1b);
CyMMapHOE CTaHJIapTHOE OTKJIOHeHHE (1b);
CTaHJAPTHOE MaKPOCTPYKTYPHOE OTKIIOHEHHE (Om = 5,5 (ab));

CTaHIapTHOE OTKIOHEHHE MOTEePh MPU MPOXOKACHUH 31aHus (1b);

M xoadduiment pacnpenenenus, papubii 0,52 mius 70%, 1,28 nns 90%, 1,64 nns 95% u
2,33 mis 99%.

Ilpunaraemplii TOKyMeHT 2
K [Ipunoxenuro 1

Pe3y.lleaTbI HCIIBITAHUA MOAYJ/bHBIX TIOHEPOB

PR u O 11 BC LTE

B rabnmunax 14 u 15 npuBeneHbl HeOOpaOOTaHHBIC PE3YIIBTATH U3MEPEHHH Tl MOJIYJIBHBIX TIOHEPOB B CITy4ae
noMex oT OazoBoit craniu LTE. DTu 3Ha4eHus: JaHbl B Ka4ecTBE CHPABOYHON MH(POPMAIMM H JOJKHBI
HCIIOJIb30BAThCS C OCTOPOKHOCTBIO.

TABJIUIIA 14

H3mepeHnHble 3amuTHLIE OTHOIIeHU (1B) ms curaana DVB-T2
(onpeaenenHoro B Tadauue 1), ucnpiTbiBaromero nomexu ot curuaja bC LTE
B COCeJHUX KaHAJIaX, IPUMEHUTEIbHO K MOAY/JbHbIM TIOHEpaM

CnBur CnBur PR pas PR nas PR pas
kaHajaa N LEeHTPAJbLHOM HH(OPMALIMOHHOMH MH(OpMaLUOHHOI HH(OPMALIUOHHOM
(kaHaabI 4acTOThI Harpy3ku BC 0% Harpy3ku BC 50% Harpy3ku BC 100%

8 MI'u) (MTI'u) (nB) (nb) (nB)

Ip. 5 Ip.6 | Mp.28 | Ip.5 Ip.6 | Mp.28 | IIp.5 Ilp. 6 | Ilp.28

CoBMeEIIICHHBIH 0 19 19 19 19 19 19 19 19 19
kana (0)

CoBMeIlIeHHBIN 0 11 10 10 18 18 18 19 19 19
kana (0)

1 10 -43 —44 —40 —41 —42 -39 -40 —41 —36

2 18 -58 -55 —43 -57 -51 -39 -56 —47 -38

3 26 -55 -55 —38 —42 47 —36 -41 —45 =35

4 34 -50 —64 —43 —45 -55 -32 —45 —45 -33
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TABJINIIA 14 (oxonuanue)
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CaBur CaBur PR pas PR npas PR pas
kaHajaa N LeHTPAJbLHOM HH(OPMALITOHHOM MH(opMaLHOHHOI HH(OPMALIIOHHOMH
(kaHaaBI 4acTOThI narpy3ku BC 0% Harpy3ku BC 50% Harpy3ku BC 100%

8 MTI'm) (MTI'n) (nB) (nB) (nB)

p. 5 Mp.6 | Mp.28 | Mp.5 Mp.6 | Ip.28 | IIp.5 p.6 | IIp.28
5 42 -53 -71 —-58 -50 —65 -55 -49 —67 —54
6 50 -56 72 —72 -53 —69 —60 -52 —67 —58
7 58 -58 73 —74 —55 70 —61 —54 —68 —68
8 66 —60 72 —68 -55 —67 —64 —54 —66 —62
9 74 -58 —63 -52 -50 -56 —46 -50 -55 —44
TABJIUIIA 15
H3mepennble OoporoBbie ypoBHU Neperpysku (1bm) ans curnana DVB-T2
(onpeaenenHoro B Tadauue 1), ucnbiTbiBaromero nomexu ot curuaja bC LTE
B COCEeJHUX KaHAaJaX, IPUMEHHUTEJbHO K '"KpeMHHeBbIM'"' TIOHEpaM

Capur Casur Ot nas Ot paist Ot past
kaHayia N LeHTPaJIbLHOM HH(}popMaLHOHHOI HH(OPMALITOHHOH uHpopmanuoHHOI
(KaHaJIbI 4acToThl Harpysku bC 0% Harpy3ku BC 50% Harpy3ku BC 100%

8 MI'm) (MTI'w) (abm) (abm) (nbm)

Mp.5 | Op.6 | HOp.28 | Mp.5 | Mp.6 | p.28 | Hp.5 | Mp.6 | p. 28

1 10 -12 -11 -10 -15 -13 -12 -16 -15 -15

2 18 0 -1 -2 -5 -2 -5 —4 -3 -5

3 26 -2 -1 2 -3 -2 1 -4 -3 0

4 34 1 -3 3 -5 -14 -8 -3 -2 -8

5 42 4 2 2 -2 -2 2 2 -2 -2

6 50 5 3 2 0 0 5 -1

7 58 5 4 5 1 1 2 5

8 66 5 4 2 1 0 -3 4 4

9 74 5 4 3 5 0 -3 4 -2 -3
PR OII LTE u O

B Tabauue 16 mokasanbl m3Mepenust PR OIl 6e3 yuera mompaBku Ui TpeX MOIYJBbHBIX TIOHEPOB.
B tabnune 17 moka3aHbl Te K€ TIOHEPHI C KOPPEKTHPOBAaHHBIMHU 3HaueHHsMH PR nmisi mpenmonmaraeMbix
spauennii ACLR OIl, moka3aHHbBIX B Ta0muIe 7.

3navyenust PRo B COBMEIIEHHOM KaHalle, NCTI0JIb30BaBIIKECS JJIs pacyeTa MonpaBKH, 370 3HaueHUst AWGN u3
Tabnuusl 8. B Tabnuue 18 mokazan mopor neperpysKku Ui TeX K€ TPEX MOAYJIBEHBIX TIOHEPOB.

HOCKOHBKy B IIpUE€MHHUKaX T2 JOCTYIIHO HEOOJIBIIIOE YKCIIO MOAYJBHBIX THOHEPOB, 3TU 3HAYCHHUA IIPUBEICHDBL
TOJIBKO B KQY€CTBE PYKOBOACTBA U CICAYET CO6HIO)IaTB OCTOPOXXHOCTD IIPH UX UCIIOJIB30BAHUU.
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TABJIMLIA 16

3amuTHble oTHOmEHUs (1B) 6e3 yuera monpaBku 15 curiaia DVB-T2
(ompenesenHoro B Tadauie 1), ucnbiThiBalomero nomexu ot curnajga OIl LTE
B COCETHUX KaHAJIAX, IPUMEHHTEIbHO K MOTYJIbHBIM TIHOHEPAM

HNudopmanuonHasn
Cnsur Hudpopmannonnas Hudopmanuonnas narpyska OII 20 Mour/c
Kz::;?]f Koa-Bo Harpy3ka OII 1 M6ut/c | Harpy3ka OII 10 Mont/c ACLR renepartopa
8 MT'w/(caBur HCHBITAHHBIX | ACLR reH_epaTOpa ACLR reH_epaTopa CHTHAJIOB =
LeHTpaILHOi NPUEMHUKOB |  curuajioB = 100 b, curnauos = 100 b, 67,8 nb (N+1)
4acTOTHI) BCE€ CABHTH BCe€ CABHTH 80,4 nb (N+2)
100 nb (N+3 no N+9)
PR PR PR
(nb) (nb) (1B)
Op.5 | Op.6 |HOp.28| Hp.5 | Hp.6 | Op.28 | Ip.5 | Ip.6 | Ip. 28
CoBMeIlEHHBIA 11 19 19 19 19 19 19 19 19 19
kanan AWGN (0)
CoBMEILIEHHBII 11 11 10 10 18 18 18 19 19 19
kanain LTE (0)
1/(10) 11 -40 —44 -28 42 —43 —41 —42 43 —40
2 (18) 11 -57 -55 =31 -58 -51 =35 -58 -51 -39
3 (26) 11 —48 -59 -39 —44 -52 —38 -42 -51 -38
4 (34) 11 -49 -60 41 45 -54 -33 45 -51 -33
5 (42) 11 -53 -72 -52 -50 -70 —65 -50 —68 —66
6 (50) 11 -56 -74 —64 -53 -71 —65 -53 -70 —66
7 (58) 11 -55 75 —63 -54 -71 —65 -55 -70 -70
8 (66) 11 —60 -72 —68 -56 —68 —65 -56 —67 —65
9 (74) 11 -62 -67 -56 -52 -57 —47 -50 -55 —45
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TABJIMLIA 17
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3amuTHble oTHOmEHHs (1B) ¢ yuerom monmpaBkm ais curnana DVB-T2
(ompenesenHoro B Tadauie 1), ucnbiThiBalomero nomexu ot curnajga OIl LTE
B COCEeTHUX KaHAJaX, IPUMEHUTEIbLHO K MOAY/JbHBIM TIOHEpPaM

HNudopmannonHasn
Cnsur Hndpopmanuonnas Hudopmanuonnas narpyska OII 20 Mour/c
Klz‘:::i'lf KoJi-Bo Harpy3ka OII 1 Méut/c | narpyska OII 10 Méut/c ACLR renepatopa
8 MT'u/(caBur HCIBITAHHBIX ACLR reﬂ_epaTopa ACLR reH_epaTopa CHTHAJIOB =
LeHTpaILHOi NPpHEMHUKOB curnajios = 100 b, curnajios = 100 ab, 67,8 nb (N+1)
4aCTOTHI) BCe CABHTH BCe CABHTH 80,4 nb (N+2)
100 nb (N+3 n0 N+9)
PR PR PR
(1b) (nb) (1b)
Op.5 | Op.6 |Mp.28 | Hp.5 | Mp.6 |Mp.28 | Mp.5 | IIp.6 | Hp. 28
CoBMelleHHbII 11 19 19 19 19 19 19 19 19 19
kanam AWGN (0)
CoBMellEHHBII 11 11 10 10 18 18 18 19 19 19
kanan LTE (0)
1/(10) 11 -6 —6 -6 -6 -6 -6 -6 -6 -6
2 (18) 11 -13 -13 -13 -13 -13 -13 -13 -13 -13
3 (26) 11 -48 -59 -39 —44 -52 -38 —42 -51 -38
4 (34) 11 -49 -60 41 —45 -54 -33 —45 -51 -33
5 (42) 11 -53 -67 -52 -50 —67 —64 -50 —66 —64
6 (50) 11 -56 -68 -63 -53 —67 —64 -53 —67 —64
7 (58) 11 -55 -68 —62 -54 —67 —64 -55 —67 —66
8 (66) 11 -60 -67 -65 -56 —66 —64 -56 —65 —64
9 (74) 11 -61 -65 -56 -52 -57 -47 -50 -b5 —45
TABJIMIIA 18

H3mepennbie noporu neperpy3ku (1bm) ais curaana DVB-T2
(onpeaesnenHoro B Tadauue 1), ucnpiTbiBaromero nomexu ot curuana OlIl LTE
B COCETHUX KaHAJaX, IPUMEHHUTEIbHO K MOTYJIbHBIM TIOHEPaM

Casur Capur Ot pnst Oth pst Oth p1s1
kaHajaa N LEeHTPAJbLHOM HH(OPMALIMOHHOM HH(OPMALIMOHHOMH HH(OPMALIUOHHOM
(kaHaabI 4acToThI Harpysku OII 1 Mour/c Harpysku 10 Mour/c Harpysku 20 Mour/c
8 MI'm) (MTI') (nbm) (abm) (1bm)
Op.5 | Op.6 | p.28 | Mp.5 | Mp.6 | Mp.28 | IIp.5 | Ip.6 | Ip. 28
1 10 -6 —4 NR -9 -7 -13 -14 —7 -10
2 18 2 NR -2 -2 -3 -2 -2 —6
3 26 1 —4 -1 1 -3 -2 1
4 34 2 -9 -3 -15 -8 -2 -18 -8
5 42 6 3 1 0 —4 2 0 -3
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TABJINIIA 18 (oxonuanue)

Casur CaBur Oth paist Oth paist Ot nast
kaHajaa N LeHTPAJbLHOM HH(OPMALITOHHOM HH(OPMALITOHHOMH HH(OPMALIIOHHOMH
(kaHaJbI 4acTOThI Harpy3ku OII 1 Méur/c Harpy3ku 10 Mour/c Harpy3kn 20 Mour/c
8 MI'n) (MI') (nbm) (1bm) (1bm)
Op.5 | Op.6 | Hp.28 | Mp.5 | Mp.6 | Hp.28 | Ip.5 | Ip.6 | Hp. 28
6 50 8 5 3 4 1 0 4 0 0
7 58 8 5 4 4 1 1 4 1 0
8 66 8 4 1 —4 0 -2 4 0 -3
9 74 8 5 2 4 0 -3 4 0 -3

Ilpunaraemplii TOKyMeHT 3
K [Ipuioxenuro 1

Bausinue nmoMex ot MEPEXOAHOT0 MMpouecca HA AU THLIC OTHOIICHU S

1 ba3oBas undopmanus

brimu poBeieHBI HaYaIbHBIE U3MEPEHUS 3alTUTHBIX oTHOMICHUH 1t DVB-T2 B ciiyyae Bo3aeiicTBUS moMex
oT ucrouHuka nomex LTE. /{15 3TUX ucCnbITaHU UIMUTHPOBAJIOCH BIMSAHUE HCTOYHHUKA IOMEX, HAUNHAIOIIETO
repeiavdy B HeMocpeACTBeHHOM 6mu3ocTr oT mpueMHuka DVB-T2, ncnionb3ys 1uist 3Toro "cTpoOupoBaHHBIN"
WCIBITATENIbHBIA CUTHAJ. MeIaluid HUCIBITAaTENbHbI CUTHAI COXPAHSIETCS U BOCIPOM3BOAMTCS UEpe3
reHepaTop, KOH(PHUrypais KOTOPOro MOXKET MPEIyCMaTPUBATh IIEPBOE BOCIPOU3BEACHNE 0€3 CUTrHAIA, 3aTeM
BOCHPOM3BEACHHUE TPeOYEMOTO HCITBITATENHHOTO CUTHAJIA.

JT0 uchbITaHue OoJiee MPUroaHO yIa ciydas nomex ot Oll, mockonbKy B 1enoMm mpearnonaraercs, 9to bC
OyJeT OJHaXK/Ibl BKIIFOUCHA M 3aTEM OCTAHETCS BO BKIIFOUCHHOM COCTOSIHHH IMPAKTUUECKH IIOCTOSHHO, IO3TOMY
JM000€ BIMSHUE TEPEXOJHOT0 Ipolecca npu BkIoueHMH BC MOXeT OOBEKTHMBHO HIHOPHUPOBATHCS.
B orHomiennn OIl, HampoTuB, OXMIAaeTcs, 4TO OHO OyAeT mepenaBaTh KOPOTKYIO MAayKy CUTHAJIOB IpH
B3aumozeiicteuu ¢ BC, a 3aTeM ocTaBaThCA B OTKIOYEHHOM COCTOSIHUM B T€YEHHE HEKOTOPOIO MEpUOJa.
CrnenoBaTelibHO, MOKHO OKHIaTh, yTO TB NpUEeMHHMKH, B HEMOCPEICTBEHHON OJIM30CTH OT KOTOPBIX U Ha
omm3kux kanamax PU paGoraer OII, OymyT HCHBITHIBATH BO3JCHCTBHE TIOMEX IIOCTOSHHO TIPW Havajie U
okonuannu pabotel OIl. Takum oOpa3oM, BIHMSHHE IMOMEX OT IEPEXOJHOTO NEepHOoJia, CO3/1aBaeMBIX
curHasiamu OIl, cocTaBisier BayKHBIN BOIPOC JIJIS1 UCCIICTOBAHUSL.

B 0Gosnee ponrocpouHoi mepcrnekTuBe ycrpoidictBa LTE MOryT HCIONB30BaThCS B IPUIOKEHUSIX
MEXMaIIHHHOTO B3anmMojeicTBus (M2M) B KWIIBIX TOMENIEHHSIX, OOYCJIOBIMBAas BBICOKYIO ILIOTHOCTBH
TEPMHHAJIIOB OH, NEPUOANYCCKN HAXOAAIMNXCA B aKTUBHOM PEXKUME. BCHCJICTBI/IC 9TOI'0, BAXKHBIM SABJIACTCS
IIOHMMAHUEC BJIMAHUA IIOMEX OT IIEPEXOAHOTrO IIporecca.

Crnenyer OTMETHTh, YTO B MEPHOA HMOATOTOBKM HACTOALIETO MPEACTAaBICHMs OBbLI MOJYYEH OTHOCHTENHHO
HeOonbIIo 00beM pe3ynbraToB. OOHAKO OTMEUEHHOE CYIIECTBEHHOE YXYIIICHHE XapaKTEPUCTHK
00yCIIOBIJIO aKTyaJlbHOCTH MPEACTABICHHS 3THUX MMEPBOHAYAIBHBIX Pe3yNbTaToB. /lanbHeimme pe3yabTaThl
IUTAHUPYETCsl MpeAcTaBUTh 100 K Oonee mo3nHemy coOpanuio P 6A w/wim Hemocpeactsenno OLT B
YCTaHOBJIEHHOM IOPSJIKE.
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2 HNzmepenus

2.1 HCcTOYHUKH CUTHAJIOB

[Tone3HbIM curHanoM siBisieTcs: curHai, uMerommid popmy DVB-T2, vactory 706 MI'n u BepabaTeiBaeMbIit
reaeparopom curaamoB DTT. Mcmoms3oBamuck mapamerpsl DVB, Hambonee wacto BCTpedaromuecs B
Coemunennom KoponesctBe (Bapuant 6 u3 crnemudukanna DVB-T2 [2]). Otu mapaMeTpsl IpUBEIEHBI B
Tabmaune 19.

TABJIMIIA 19
Cranpapt DVB-T2
Yucno necymux OFDM 27 841 (32KE)
Monynsamus 256-QAM
CKOpOCTh BHYTPEHHETO 2/3
KOJIUPOBAHHMS
SamutHe uaTepBai (A/Tu) 1/128
Crioco6 pa3menieHns HeCyInx PP7
JlnnHa xaapa (CHMBOJIBI JAHHBIX ) 59
Kom-Bo 6moxoB FEC B 202
HepeMeKaroIeMcs Kaape
CkopocTh nepenadn JaHHBIX B 40,2146452
TPaHCIIOPTHOM ITOTOKE

Memaromuii curnan LTE 3To cTpoOMpOBaHHBIN BapHaHT CHrHala, WCIOJB30BABIIETOCS B MPEIBITYIIHX
ucnbitanusix [1]. OCHOBHbIC CHTHAJBI MPEACTABISIIOT THIIOBBIC BbIXO/AHBIC curHanbl OIl Ha JABYX YpOBHSX
Tpaduka, coOpaHHbIE C WCHOJb30BaHHMEM omnbITHOro oOopynoBanus LTE. JIBa ypoBHs Tpaduxa
reHepupoBaInch nmyteM coenunenus napbl BC-OIl mis dopmupoBaHus CKBO3HOM JTMHUU U MCIIOIB30BAHUS
nHcTpyMenTta [P-tpaduka s Harpysku auHMU. COOpaHHBIE CHT'HAJBI MPEACTABISIOT CKOPOCTH Teperadn
naaHbeix 20 Mout/c u 1 Mout/c.

s obecnieueHNs] OTCYTCTBHS B H3MEPEHUAX KaKHX-IMOO BHETIOJIOCHBIX CUTHAJIOB, COOpaHHBIX B TPOIEcce
3allUCH, WCIBITATeNIbHBIE CHUTHAIBI 10 BOCIPOM3BEICHUS TMPOXOAMIM TMOJOCOBYIO (QUIBTpanuio B
nmporpaMMHOM oOecrieueHur. Mcmnonb3oBaiachk HmMprHa Moyiockl kanaina 10 M. DTo ClyKUT rapaHTHel
TOT0, YTO U3MEPEHHUS 3AIUTHOTO OTHOIIEHUS SBISIOTCS (DYHKIUEH TOIBKO N30MPATEIBHOCTH MPUEMHHKA U
kod(duimeHTa yTeuku MOIHOCTH B cocennuit kanai (ALCR) reneparopa mpou3BOJIbHBIX CHT'HAJIOB.

M cTOYHMKOM CHUTHAJIOB, WCIIOJB30BaBIIMXCA Juisi oOecnedenust curHana LTE, cioyxkun reneparop
MIPOM3BOJIBHBIX CUTHANOB. [lepexonHbIi XapakTep CUTHajla JOCTHTaJICS IYyTEM 3aMEHBI KaKA0r0 OCHOBHOIO
CHUTHaJa B OCIIEN0BATENLHOCTH CUTHAJIOM, COJIEPIKAIM HYJIEBBIE OTCUETHI. 3aKOJIBLIOBBIBAS KAXKIbIH CUTHAI
HEKOTOPOE YHCIIO pa3 Mo 04epe i, BO3MOXKHO CO3/1aTh OoJiee JITMHHYIO TIOCJIEA0BATEIBHOCTD C OTIPE/ICIIEHHON
CXeMOU BKJIIOUEHHS/BBIKIIIOYCHUSI. OKOHUYATEIbHBIH CTPOOMPOBAHHBIA CHUTHANT COCTOUT W3 IPHUMEPHO
4 cexyH] THILIMHBIL, IT0CE€ KOTOPBIX CIEeAYyIOT 5 cekyHn curHana 1 Mout/c nim 20 M6ut/c. Ha pucynkax 1 u
2 mpeCcTaBICHbI TPaQUKH XapaKTePUCTUK CUTHAIOB KaK (YHKIHSI BpEMEHHU.
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PUCYHOK 1
CrpobupoBannsiii curian LTE 20 Mout/c

Ref level -30.00 dBm @ RBW10MHz Compatible FSP
& Att 0dB & SWT10s VBW28MHz
SGL
@ IRm Clrw

—40 dBm

—50dBm

-60 dBm

—70 dBm

—80 dBm

—90dBm

|-100 dBm

110 dBm

|-120 dBm

CF 706.0 MHz 20000 pts 109/

BT.2033-01

PUCVYHOK 2

CrtpooupoBannslii curnaji LTE 1 Mout/c

Ref level -30.00 dBm @ RBWI10MHz Compatible FSP
- Att 0dB & SWT10s VBW28MHz
SGL
@ 1Rm Clrw

-40 dBm

—50 dBm

-60 dBm

~70 dBm

-80 dBm

-90 dBm

1100 dBm

|-110 dBm

|-120 dBm

CF 706.0 MHz 20 000 pts 10/

BT.2033-02

2.2 CIBHI'M 4acTOTBI

PaccmarpuBanucek caBurn meHTpaibHON 9acToThl Mexay DVB-T2 u LTE, cocraBnstomue +11 u +18 MI'ng
(To ects Memaromue curaansl 717 u 724 MI'n). [Ipennonaras mupuny nonocs! curHana LTE pasnoit 10 M1,
ato Oyxaer npexacrasiaTh nomexy ot OIl LTE B coceqnem TB kanane, ornenennom ot nonockl LTE nuanm
BBEPX 3alTUTHON MOI0coH mupuHoM 2 MI'1 mrbo 9 MI .

2.3 IIpouenypa usmepenus

3ammTHOE OTHOIICHHE ONPEISIISUIOCH ITyTeM 00bEeTUHEHUS TIOJIE3HOT0 U MENTAIONIETO CUTHAIOB U MX MTOIa9d
B ucnbITbiBaeMblil npueMHUK DTT. Ilosie3Hblil curHan ycwiMBajics, J0 TeX IMOpP IMOKa HE MPOUCXOUIIO
YIOBJICTBOPUTENBHOE JIEKOAUpPOBaHNUE curHana. [lonHoe moapoOHOE omKcaHue MPOUEAYPhl WU3MEPEHUS
coxepxurces B [1].
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24 HcnbIThIBaeMble NPHEMHUKH

Ha sTtom panneM sTane paOOTHI JIs UCIIBITAHUHA OBLTH OTOOPAHBI TPU MTPHUEMHHUKA.

TABJIUILIA 20
IIpuemuuk Tun Tun Tronepa
R1 STB/PVR KpemHueBbiit
R2 STB MoypHbII
R3 STB MoypHbII

3 Pe3yabTaThl

HpeI[CTaBJ'IeHHI)IC JAaHHBIC OTpaXXaroT 3allUTHLIC OTHOIICHHA, UW3IMEPCHHBLIC IIPpU HCIIOJIb30BaHUU
UCHBITATEIEHOTO 000PYyI0BaHUs, B COCTaB KOTOPOTO BXOIWII TEHEPATOP MIPOU3BOJIBLHBIX CUTHAIOB C XOPOIIUM
K03 (HUITUEHTOM yTeYKH MOITHOCTH B cocenHnii kanan (ACLR) — Berre 50 nb B mepBoM coceHeM KaHale.
He mnpousBoaunoch HUKaKOW KOPPEKLUWH, C TEM YTOOBI yYeCTh BEPOATHOCTh XYIIIUX XapaKTEPHCTHK
coceqHero kaHasma obOopynoBanus LTE 1o cpaBHEHHIO C  HCHOJIB30BABIIUMCS HMCIBITATCIbHBIM
o0opymoBaHUEM.

[Ipensinymue pe3ynpTathl [1] BHECTH MONPABKY B 3aIIUTHBIE OTHOLIEHHS B COOTBETCTBUHU C YKa3aHHBIMHU
BHETIOJIOCHBIMH  XapaKTepUCTUKaMu oOopyaoBaHus LTE u mokasanu, 4To 3TH XapaKTEPUCTUKH MOTYT
3HAYUTENIEHO PEBOCXOANTH U30MPATENILHOCTD IPUEMHHKA.

Ha pucynkax 3-8 moka3zaHa XxapakTepHCTHKa PUEMHUKOB, UCTIBITHIBACMBIX B HACTOSIIIEE BPEMSI B YCIIOBHSX
HaJIMYUs TIOMEX OT MEePEXOIHOTO Tporiecca, co3naBaeMbix curiaigamu OIT LTE 20 Mout/c u 1 Mout/c. dis
CPaBHEHUS OTOOpakeHa TAK)KE XapaKTEPUCTHKA PUEMHHUKOB ¢ CUTHAJIAMH HE TIEPEXOIHOTO Mpoliecca.

PUCYHOK 3
Cnasur npuemauka R1 na 11 MI'n
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PUCYHOK 4
Cnasur npuemHuka R1 na 18 MI'n

OII LTE 1 M6urt/c,

VYposens nosnesnoro curnana DTT (abm)

PHUCYHOK 5
Casur npuemauka R2 na 11 MI'n
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PUCYHOK 6

Cnasur npuemHuka R2 na 18 MI'n
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PUCYHOK 7
Cnsur npuemHuka R3 na 11 MI'n
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PUCYHOK 8
Casur npuemHuka R3 na 18 MI'n
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4 BriBoabI

Xapakrepuctuka R1 sBisieTcss HEyJOBIETBOPUTENBHON B CIy4yae CUTHAJa HEMEPEXOAHOro IMpolecca Mpu
HHU3KOH MH(OpMalMOHHOM Harpyske. B ciyuae ucnonb3oBaHus BapuaHTa JTI000T0 CHUTHaja IEPEXOIHOro
polecca JEMOHCTPUPYIOTCS XapaKTepUCTUKA, aHAJIOIMYHAsl CIIy4ar0 CUTHAJIA HEIIEPEXOAHOr0 IIpoLecca IIpu
HU3KOH MHPOpPMaMOHHOH Harpy3ke. IIpu yBenuueHnn cABUTa 9acTOTHI YIy4LICHUS! He HaOmo1aeTcsl.

Xapaktepuctuka npueMHHKOB R2 1 R3 sBisieTcst yIOBIETBOPUTENBHON B CIy4yae TPAAUIIMOHHBIX CUTHAIIOB
(maxxe npu HU3KOW MH(OPMAIMOHHONW HArpy3Ke), OJHAKO OHA YXY/IIIACTCs MPHU HMCIIOJIb30BAHUU BapHaHTa
CUTHaJa TEePEeXOJHOTo Mpollecca. 3allluTHOE OTHOIIeHne npuMmepHo Ha 10-12 nb nydymre npu yBenmudeHUH
casura yactotTel ¢ 11 MI'n o 18 MI'1L.

Bo Bcex cnyuasx BapuanT curHana OIl mepexomnoro mporecca 20 Mout/c tpeOyer 0oJbIled 3aluThl 10
CPaBHEHHMIO C BapHaHTOM curHaia 1 Mout/c.

3HaueHUs 3aUTHOTO OTHOLICHUSI, IPEICTABICHHbIE B HACTOALLEH PekoMeH1aliuy, OCHOBAHBI Ha U3MEPEHUSIX,
MPOBEJICHHBIX C XOPOIICH XapaKTEPUCTHUKOW IO COCEAHEMY KaHaly M, CJIeJ0BaTEIbHO, HEOOXOAMMa HMX
KOPPEKTHUPOBKA IS yueTa 3HaUCHUI BHEIIOJIOCHBIX W3JTydeHwui it obopynosanus LTE.

K nacrosmemy BpeMeHH HcCielOBaHA JIMIIL HEOOJNbIIAs COBOKYIHOCTh NPHEMHHMKOB, OJHAKO MOIy4eH
Ba)KHBIA BBIBOJI O TOM, YTO OINpEACICHHBIE NPUEMHHKH, KOTOPbIE paHEE paccCMAaTPUBAINCh KaK MEHee
ySI3BUMBbIE K Harpy3Ke ¢ MaJibIM paO0YHM IHKJIOM, OKa3bIBAIOTCA 3aTPOHYTHIMH KOMMYTHPYEMBIM CUTHAJIOM
nepexoaHoro mponecca. [lOCKONBKY OXHIAeTcs, YTO TaKOW CHTHAJI IIE€PEeXOJHOro Imporecca Oyner
XapakTepHBIM JJIs peann3aluil Oyayiero noib3oBaTensckoro obopynosanus LTE, npeacraBnsercs BaKHBIM
MTOKAa3aTh 3TH OCHOBAHHBIE HAa OTPaHUYECHHBIX H3MEPEHHSIX MPOMEXYTOUHBIE PE3YIbTATHI yXKE ceiivac, yKasas,
YTO TPOBOJIATCS NaJbHEHIINE N3MEPEHHS.

Cl'lpaBO‘lHl)Ie AOKYMEHTBI

[1] Document 6A/41 — Measured DVB-T protection ratios and overload thresholds in the presence of
LTE signals Source: British Broadcasting Corporation (UK).

[2] ETSI EN 302 755 — Frame structure channel coding and modulation for a second generation digital
terrestrial television broadcasting system (DVB-T2).
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IIpuiaaraemslii 1okyMeHT 4
K [Ipuioxenuro 1

TexHosorum u xapakrepuctuku TB TioHepoB

YPOBHH 3alIUTHOIO OTHOLICHHS W IOPOra NEPEerpy3kd MOTYT 3HAUUTEIBHO Pa3iIudaThbCs M KPEMHHUEBBIX
TIOHEpOB! ¥ 15 MOTY TBHBIX TIOHEPOBZ. KpeMHMEBbIE TIOHEPHI BCE GOJIBIIE MCTONB3YIOTCS B TEJIEBU3MOHHBIX
IIPUEMHHKAX, BKIIIOYAs anmaparypy, M3rOTOBJIECHHYIO IO HOBEHIINM TEXHOJOTHSM, HAllpUMep LU(pPOBbIE
TEeJeBU3NOHHBIC IPUEMHUKH ¢ uHTerpanueii yenyr (iDTV) u nepconansabie Bugeopekopaeps! (PVR).

[TockoabpKy KpeMHHEBBIE M MOIYJIBHBIC TIOHEPHI UMEIOT Pa3IMYHBIEC HKCINTyaTallMOHHBIE XapaKTEePHUCTHKH,
IpU TUITAHUPOBAHUH PEKOMEHIYETCSl YIUTHIBATh OTHOCHTEIBHBIH 00BEM HCIONB30BAHUS TIOHEPA KaXIOTO
TUTIA ¥ Pa3JInYMs B XapaKTePUCTUKAX IPH IUIAHUPOBAHUH ceTH. [0 cpaBHEHMIO C MOIYIBHBIMU TIOHEPAMH Ha
KpEMHHUEBBIE TIOHEPHI He BAMACT yXyameHne nokaszareneit PR u Ow npu Hannuuu momex Ha MpOMeKyTOYHOR
gacrote (IT4) 36 MI'1 unmn Ha "acToTe 3epkaipbHOro kanana 2 X [I4 = 72 MI', oqHaKo HEKOTOpHIE TIOHEPHI
HUMCIOT 6onee BBICOKHE 3alIUTHBIC OTHOWICHUA JJISI APYTHUX YaCTOTHBIX CABUI'OB HUICTOYHHUKOB IIOMECX.

Ckopee Bcero, OyZeT UMETh MECTO COYETaHUE ITUX TUIIOB TIOHEPOB, 1, CKOPEE BCET0, UX COOTHOILIECHUE Oy IeT
MEHATBCS CO BpeMeHeM. B HacTosmieit Pekomenganim npeactaBieHbl pa3Hble Pe3yabTaThl 11 KaKJ0Tro THITA
TIOHEpOB. ([[J1s1 ToTydeHusI TONOIHUTENEHONH HHPOPMAUU CM. TeXHHYECKUE MOSCHEHHS ATUX PA3IN4dil B
Otuere MCD-R BT.2215 "H3mepeHue 3alIMTHBIX OTHOIICHWH M TOPOTOBBIX YPOBHEH Meperpy3Kd st
TEJICBU3NOHHBIX TIPHEMHUKOB".)

Jua cnydas 6oree MUPOKUX 3aIIUTHBIX TOJIOC, KOT/IAa 3€pKATbHBIN KaHAI MOAYJIHHOTO TIOHEPAa MOXKET He
coBnagath ¢ N+9, xapakrepuctuku PR 1 Own MOTYT OIlEeHUBATHCA C HUCIONB30BAaHUEM 3HA4YCHHM N+9 mis
CIBHMra 4acTOTHI, KOTJIa peub HICT O 3CPKAJBbHOM KaHalle, M 3HaueHuss N+8 Juis cIBUrOB Onm3iiexariei
Y4acTOTHI, OJM3KUX, HO HE TIOMAAAOIINX B CABUT YaCTOTHI 3€PKATLHOTO KaHaja.

"KpeMHueBbIe" TIOHEPHI — 3TO TIOHEPHI HA OCHOBE MHUKPOCXEMBI, KOTOPasi 0OBEIUHSACT BCIO COBOKYITHOCTH CXEM B
HeOOoIBpIIOM 00BEME M KOTOpPasi MOXKET OBITh YCTAaHOBJIEHA HEMIOCPEACTBEHHO Ha uiaTy. HacTpoeHHBIE CXeMBbI MOTYT
MTOJTHOCTHIO OTCYTCTBOBATH MJIM MOTYT OBITh HHTETPUPOBAHBI HA KpeMHHUH. KpeMHHUEBbIH YHIT MOXET ObITh 3allUIICH
OT BHEIIHHX JJIEKTPOMArHUTHBIX TOMEX METAJUINYECKUM MOKpHITHEM. [Ipu MHTerpanuy Ha KpeMHHUH IPUHUMACTCS
OTIpE/ICTICHHOE KOMIIPOMICCHOE pEIICHHE B OTHOIICHHH IKCIUTyaTaIlMOHHBIX XapaKTEPHCTHUK, €CJIM CPaBHHUBATH C
pa3enbHBIME KJIACCHYECKHMH KOMIIOHOBKaMH. M3MepeHHbIe MOTyTH MIPEACTABISIOT cO00H TIepBOE TOKOJICHHE Ha
pBIHKE. DTa TEXHOJIOTHSA HAXOIUTCS eIlle Ha CTauH Pa3BUTHA.

MOHyJ'IBHLIC THOHEPBI — 3TO KJIACCUYCCKHUE CYNCPIreTEPOAUHHBIC THOHEPLI B METAJINIMYECKOM KOPIIyCe, COACPKAIEM
Pa3INYHbIC KOMIIOHCHTHI. Kax IIpaBUJIO, B HUX COACPKATCA (I)I/IKCI/IPOBaHHBIe " HACTpanBaCMBIC LICTTN, CO3aHHBIC 13
OTACIBHBIX KAaTYIIEK MWHAYKTUBHOCTH W TPAH3UCTOPOB C KOHTPOJEM YaCTOTbI Ha OCHOBE BapaKTOPOB.
MeTammaecKuit KOpnyC IOJDKEH MHUHHUMHU3HUPOBATHL PAAHUOIIOMEXU W YMCHBIINTH IEPEKPECTHBIC HABOAKU U
PacCesIHHOC U3JTYyUCHHEC.
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puaoxenue 2
(HopmaTuBHOE)

KpuTtepun niianupoBanus, BKJIOYasl 3alIIUTHbIE OTHOLLIEHUS, JIJIA CHCTEM
un(poBOro HA3eMHOI0 TeJIeBUIEHNS BTOPOT0 NMoKojdeHusi cranaapra DVB
B AuanazoHax OBY/YBUY s kaHa/0B ¢ IIMPUHOI moJ1ockl 6 MI'n

1 3amuTHBIE OTHOLIEHHUS /ISl M0JI€3HOT0 CUrHAJIa nu¢pPoBoro HazeMHOro TeiaesuaeHust DVB-T2
6 MI'u

B crnenyromux Hmke TaONMIAaX MOKA3aHBl 3aIUTHBIC OTHONICHHS I CHTHAda MU(PPOBOrO HA3eMHOTO
tenesunaennss DVB-T2 6 MI'1, HCIIBITBIBAIONINX IIOMEXH OT:

1) curnana uugpoBoro HazemHoro TeneBuaeHus DVB-T2 6 MI'n;
2) curHana nudposoro HazemMHoro Tenesuaeans ISDB-T 6 MI;
3) CHTHAaJIa aHajJoroBoro HazemHoro teneBuaeHus NTSC 6 MI .

[IpuBeneHbI 3alIUTHRIE OTHOILLIECHUS PACOBCKOTO KaHaja, KOTOPBII MOAEINpYyeT GUKCUPOBAHHBII IPHUEM Ha
KpBILIE C UCIOIb30BAHMUEM HANIPABICHHON aHTEHHBI.

1.1 3amuTHLIE OTHOLIEHUA IJA IoJe3Horo curHajga DVB-T2, ucnbITbiBamoliero moMexm OT
cUrHana nugpoBoro HA3eMHOT0 TeJIeBH/IEHUS

3ammTHRIC OTHOMICHUS [0 COBMEIIEHHOMY KaHay 3aBUCST OT MOAYIALUH U Koddpurnmenta FEC moneznoro
curHasia. Ha 3amiuTHple OTHOLIEHUS MO COBMEIICHHOMY KaHaily He BAMSIOT HU pasmep BII® memaromero
CUTHaJla, HU UCIOJIb30BAHUE PEXUMA PACIINPEHHON IIUPUHBI ITOJIOCHL.

PexoMeHnioBaHHBIC 3HAYCHUS TIPEJICTABIICHBI B TabuIe 21. BiusHue crmoco0a pa3MeIeHuss HeCYIIUX MOXKET
CUMTAThCS MPESHEOPESIKUMO MaJIbIM, TaK KaK KOJICOAHUS U3MEPSIOTCS JCCITHIMU 1b.

TABJIMLIA 21

3anuTHBIE OTHOLIEHHS M0 coBMelenHoMy Kanany (1B) nis curnana DVB-T2 (paiicoBekuii kana),
HCIBITHIBAIONIEr0 oMexu oT curnana DVB-T2 (mmpuna nosocst = 6 MI'n)

N B o e Bl Wi
QPSK 1/2 6 64-QAM 1/2 13
QPSK 3/5 6 64-QAM 3/5 15
QPSK 2/3 7 64-QAM 2/3 16
QPSK 3/4 8 64-QAM 3/4 18
QPSK 4/5 8 64-QAM 4/5 19
QPSK 5/6 9 64-QAM 5/6 20
16-QAM 1/2 11 256-QAM 1/2 17
16-QAM 3/5 12 256-QAM 3/5 20
16-QAM 2/3 13 256-QAM 213 21
16-QAM 3/4 14 256-QAM 3/4 23
16-QAM 4/5 15 256-QAM 4/5 24
16-QAM 5/6 16 256-QAM 5/6 26
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3aImuTHBIC OTHOLICHHS MO0 COCETHEMY KaHay i mosie3Horo curiana DVB-T2, ucnbIThIBarOmero moMexu
ot curHana DVB-T2, 3aBucsr ot Moaysiiun 1 koddunuenta FEC mone3noro curnana.

B tabnuiie 22 moka3aHsl 3alIUTHBIC OTHOIICHHS IS HUYKHET0 U BEPXHET0 COCEIHUX KaHaJIOB.

TABJIMLIA 22

3amuTHBIE OTHOIEHHSI 110 coceHeMy KaHaJy (1B) st moJie3noro curnaisa DVB-T2

(paiicoBCcKHIi KAHAJ), HCNBITHIBAIOIIEr0 MOMeXH OT curuaiaa DVB-T2 (mmpuxa mosocel = 6 MI'n)

Monayasinus Koaq)lt:bél Cl:meHT oia}:sz;}:{(;lee Monyasauus Koaq)l(:l)éd gneHT oiill;lll:JTe:*:::e
N1 N1
QPSK 1/2 —43 64-QAM 1/2 -39
QPSK 3/5 —43 64-QAM 3/5 -39
QPSK 2/3 —42 64-QAM 2/3 -39
QPSK 3/4 —42 64-QAM 3/4 -39
QPSK 4/5 —42 64-QAM 4/5 =37
QPSK 5/6 —42 64-QAM 5/6 -35
16-QAM 1/2 —42 256-QAM 1/2 -39
16-QAM 3/5 —42 256-QAM 3/5 -38
16-QAM 2/3 —41 256-QAM 2/3 —-36
16-QAM 3/4 —40 256-QAM 3/4 -33
16-QAM 4/5 —40 256-QAM 4/5 =31
16-QAM 5/6 —40 256-QAM 5/6 -29

B Tabmune 23 npeacTaBiieHbl 3allIMTHBIC OTHOIIEHUS MO COBMEIIEHHOMY KaHAJIy JJIsl MOJIE3HOT'O CHrHaa
DVB-T2, ucneiThiBaroniero noMmexu ot curiaia ISDB-T. Ha 3Tu 3amuTHbIe OTHOIICHUS BO3JCHCTBYIOT B
OCHOBHOM MOJYJISILIUS M1 CKOPOCTh KOJUPOBAHUS TI0JIE3HOTO CUTHAIA.

Cranmapt ISDB-T mpemycmarpuBaeT HeoOS3aTeIbHBIH CABUAT 4acTOTHl +1/7 MI'. DTOT CABHT YacCTOTHI
OKa3bIBaCT BO3JICHCTBHE HA 3al[UTHBIC OTHOIIECHUS, KOTOpoe nosicHsAeTcs B [Ipumeuanuu 1 k Tabmnuie 23 u B
[Ipumeuannn 1 x Tabnuie 24.

(paiicoBCKHil KaHA), HCNBITHIBAIOIIEr0 MOMeXH 0T curHajaa ISDB-T (mmpuna mosockt = 6 MI'n)

TABJIMLA 23

3amuTHBIE OTHOIIIEHHSA 10 COBMellleHHOMY KaHay (1B) niist mosie3Horo curaana DVB-T2

(cm. Mpumeuanue 1)

Mo | KPR Samoe | gy | Ko | oo
QPSK 1/2 6 64-QAM 12 13
QPSK 3/5 6 64-QAM 3/5 15
QPSK 2/3 7 64-QAM 2/3 16
QPSK 3/4 8 64-QAM 3/4 18
QPSK 4/5 8 64-QAM 4/5 19
QPSK 5/6 9 64-QAM 5/6 20
16-QAM 1/2 11 256-QAM 1/2 17
16-QAM 3/5 12 256-QAM 3/5 20
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TABJINIIA 23 (oxonuanue)

Momamu | Kb | Saee | gy | Ko | oo
16-QAM 2/3 13 256-QAM 2/3 21
16-QAM 3/4 14 256-QAM 3/4 23
16-QAM 4/5 15 256-QAM 4/5 24
16-QAM 5/6 16 256-QAM 5/6 26

I[MPUMEYAHUE 1.— B cnyuyae curnama ISDB-T co caurom dactotel +1/7 MI'i 3aiiuTHbIE OTHOLICHHS MO
COBMEIICHHOMY KaHaJly JOJDKHBI OBITh YMeHbIIeHBI Ha 1 nb.

B tabmurie 24 npecTaBieHbl 3alUTHBIC OTHOIIEHHS 110 COCETHEMY KaHaTy JIJIsl TIosie3Horo curaana DVB-T2,
UCTBITBIBaIOIeEro nomexu ot curnana ISDB-T. Ha 3Tu 3amutHbie OTHOLICHUST BO3ACHCTBYIOT MOIYJIALIUS U
koad¢umment FEC momesHoro curHana, a Takke HEOOs3aTENbHBIA CHBHI, HCIIONB3YEMBIH B MEIIAIOIIEM
CHUTHae.

TABJIMLIA 24

3amuTHBIE OTHOLIEHHSI IO coceTHeMYy KaHaJy (1B) st moJie3noro curnana DVB-T2
(paiicoBCKHil KaHAJ), HCNBITHIBAIONIEr0 MOMeXH 0T curHaja ISDB-T (mmpuna mosockt = 6 MI'n)
(cm. IIpumevanue 1)

Monynsinust Kospduuuent FEC 3amHTH(;\¢lé _(')_TflOIl.leHPle
QPSK 1/2 _46
QPSK 3/5 _46
QPSK 2/3 _45
QPSK 3/4 45
QPSK 4/5 _45
QPSK 5/6 _45

16-QAM 1/2 _45
16-QAM 3/5 45
16-QAM 2/3 —a4
16-QAM 3/4 —43
16-QAM 475 13
16-QAM 5/6 43
64-QAM 172 Wy,
64-QAM 3/5 42
64-QAM 213 Ty,
64-QAM 3/4 T
64-QAM 4/5 _40
64-QAM 5/6 38
256-QAM 1/2 42
256-QAM 3/5 a1
256-QAM 213 =9
256-QAM 3/4 36
256-QAM a5 =Y
256-QAM 5/6 "3

[MPUMEYAHUE 1. — B cnyuae curHana ISDB-T co casurom dactots! +1/7 MI'I| 3aIIUTHBIC OTHOIICHUS IO HUKHEMY
coceTHEMY KaHally JOJDKHBI OBITh YMEHBIICHBI Ha | 1B, a 3alIUTHBIC OTHOIICHHUS IO BEPXHEMY COCEIHEMY KaHay
JIOJKHBI OBITH YMEHBIIIEHBI Ha 2 1b.
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1.2 3amuTHBIE OTHOWIEHHSI JJIA I0JIE3HOT0 CHTHAJIA DVB-TZ, HCOBITBIBAIOIIECIO0 NMOMEXH OT
CUI'HAJI1a aHAJ0roBoro Ha3¢MHOI 0 TeJCBUACHUA

B ciyuae korma curnan mmdpoBoro HazemHoro TteneBuieHus DVB-T2 ucHbITBIBaeT MOMEXH OT CHrHaia
AHAJIOTOBOTO TEJICBHUJICHUS, 3alUTHBIC OTHOIICHHS IO COBMEIICHHOMY KaHAIIy 3aBUCIT OT MOAYJSIUU U
koad¢uimenta FEC curnama DVB-T2.

B Tabnuie 25 nokazaHel 3HAUCHUS HA OCHOBE MOy IsiinK 1 koadduruenta FEC.

TABJIMLIA 25

3amuTHbIE OTHOLIEHHS 0 COBMelleHHOMY KaHnaay (1B) a5 mosie3noro curnana DVB-T2
(paiicoBcKMii KaHAJI), UCTILITHIBAIOIIET0 MOMEXH OT CUTHAJIA AHAJIOTOBOI0
Hazemuoro teaesuaenust NTSC (mupuna mosocel = 6 MI'n)

T e
QPSK 1/2 -13 64-QAM 1/2 -5
QPSK 3/5 12 64-QAM 3/5 -3
QPSK 2/3 -11 64-QAM 213 -1
QPSK 3/4 -9 64-QAM 3/4 2
QPSK 4/5 -9 64-QAM 45 4
QPSK 5/6 -7 64-QAM 5/6 5
16-QAM 1/2 -10 256-QAM 1/2 -3
16-QAM 3/5 -8 256-QAM 3/5 2
16-QAM 2/3 -8 256-QAM 2/3 3
16-QAM 3/4 5 256-QAM 3/4 6
16-QAM 4/5 -4 256-QAM 4/5 6
16-QAM 5/6 -5 256-QAM 5/6 9

B cnydae momex 1o coceiHeMy KaHaTy Ha 3alIMTHBIC OTHOLICHHUS BO3ICHCTBYIOT B OCHOBHOM Te K€ (pakTopHhl,
YTO M B CJIydae MOMEX IO COBMEIIEHHOMY KaHanly. JTo — Monyssiuus u xodp¢unmuent FEC nonesnoro

curnaina DVB-T2.

B tabnume 26 noka3aHbl 3HAUECHHSI JIJIS1 BEPXHETO U HUKHETO coceqHuX kaHamo N + 1.

Jlns citydast COCeTHMX KaHaoOB ObLIM BBIONHEHBI N + 2 wamepenwii mis KoHpurypamuit 64-QAM 3/5

u 64-QAM 3/4. 3nayeHus 3aIUTHOTO OTHOLIEHNS cocTaBisioT —39 1b u —35 1b, cooTBETCTBEHHO.

(paiicoBckMii KaHAJI), UCNILITHIBAIOLIET0 OMEXH OT CUTHAJIA AHAJIOTOBOI0

TABJIMLIA 26

3amuTHBIE OTHOIIEHUSA 10 cocenHeMy kaHaixy N + 1 (1B) nJst moste3noro curiana DVB-T2

HazemHoro TejgeBuaenuss NTSC (mupuna nosocst = 6 MI')

Mopysiuust Koaq’g’; émeHT og"raﬂutfll:ITe}:l(;lee Mopyasiuus Koatb'(:l)él émeHT 03Tal:glp:1Te:]:l(;lee
N+1 N+l
QPSK 1/2 -1 64-QAM 1/2 -29
QPSK 3/5 -39 64-QAM 3/5 =27
QPSK 2/3 -36 64-QAM 2/3 -25
QPSK 3/4 -33 64-QAM 3/4 —22
QPSK 4/5 -32 64-QAM 4/5 -20
QPSK 5/6 -30 64-QAM 5/6 -19
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TABJINIIA 26 (oxonuanue)
3amurHoe 3amuTrHoe
Mopyasiuust K03q)'(:l)El/l(].:ll/leHT OTHOILIEHHE Mopyasuus Koaq)';l)éagneHT OTHOILIEHHE
Nx1 Nx1
16-QAM 1/2 -34 256-QAM 1/2 -25
16-QAM 3/5 -32 256-QAM 3/5 22
16-QAM 213 -29 256-QAM 2/3 20
16-QAM 3/4 —27 256-QAM 3/4 -17
16-QAM 4/5 —26 256-QAM 4/5 -16
16-QAM 5/6 —24 256-QAM 5/6 -14
Mpuioxenue 3
(dns mapopmanun)
IlOl'IOJ'IHl/ITeJ]bHLIe Pe3yJIbTaThbI HCNBITAHUN
1 JononHuTtenbHbIe pe3yJbTaThl HcnbITaHU 13 Coeaunennoro KopoJiescrea

I[.Hﬂ o0ecIeyeHUs MOJIEBBIX UCIBITAHUNA U IMOCICAYIOMICI0 aHajin3a U OLICHKN Ha OCHOBE MOJACIMPOBAHUA B
CoennaenHom KoporneBcTBe OB IMpOBeNeH KOMIUIEKC H3MEpeHWI xapakTtepucTuk TB mpueMHHKOB B
YCIIOBUSIX HAIM4Us CUTHAIOB 0a30B0ii cranmu LTE.

Otuer 00 M3MEpPEHMSIX 3aUIUTHBIX OTHOIIEHHUH Juid npuema curHagoB DVB-T u T2 B ycnoBusix momex or
6azopeix cranimii LTE, cocTaBneHHbIil B cpaBHUTENHHON (DOpMe, TIPECTABIICH HIDKE B BHJIE BIOXKEHHOTO
¢aitna popmar Word.

HcnpiTannst BKIIOYATU PEKUMBI (PUKCHPOBAHHOTO IMpHEMa Ha KphIIe, UCIolib3yeMble B CoeqMHEHHOM
Koponeecre. s DVB-T asro 8k mpu 64-QAM 2/3 ¢ wucnonb3oBanueM MPEG-2, anis DVB-T2 sto
pexxum 32k ipu 256-QAM 2/3 ¢ ncnonb3oBanreM MPEG-4. [lepenaun Benuch B KaHalIaX ¢ ITMPUHOM HOIOCHI
8 MI'1 cranapTHOTO eBporeiickoro pactpa. Jist obecreueHus MPakTUYeCKH HICHTHYHOTO MTOKPBITUS ObLIN
BBIOpaHBI J[Ba pEKUMa MOIYJSAIHUM TEpefayvd, M 3TO IMOIY4MJIO TOATBEP)KJIEHHE Ha TMPAKTUKE B XOJIe
ocymectBisiemoro B CoenuaeHnHoM KoponeBcTse nepexona Ha nudpoBoe paguoBeIiaHue.

Curnansl 6a30Bbix ctanuuii LTE 3anmceiBainck ¢ peanbHOM yCTaHOBKH B (popMaTax ¢ MOJTHOM Harpy3kKod u
0e3 Harpy3Kv U MOTJIM BOCHPOHM3BOIMTHLCS Yepe3 IeHEepaTop CUIHAJIOB M YCHIHUTENb Iiroc GuibpTp. Macka
nepenaun curHana LTE 10 MI'ty 6sima ycranoBieHa B cootBercTBuH ¢ Pemennem EC 2010/267/EU ans
noJiocel 800 MI'm.

B cocTtaB uCHBITEIBaEMBIX YCTaHOBOK Bxonwiu 1B mpueMHuKH, aOOHEHTCKHE MPUCTABKH W OTICIHHBIN
BUJICOMAarHUTO(OH C TTAPHBIMU TIOHEPAMHU.

Microsoft-Office.do
C

2 JonosHuTeNabHbIE pe3yJbTaThl HcNbITaHU U3 Poccniickoii @enepaunu

B npunmokeHHOM BKJaA€ MPEACTaBICHBI PE3YNbTAThl MPEABAPUTEIBHON CpPaBHUTENBHON  OICHKU
xapakrepuctuk cucteM DVB-T u DVB-T2 Ha ocHOBe n3Mepenuit, mpoBeeHHBIX B Poccuiickoit deneparuu.
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extract from
6A-592.docx

Ipunoxenue 4
(HopmatuBHOE)

JApyrue ¢pakTopbl IVIAHUPOBAHUS

1 Pacnpeue.neﬂne HANPAXKCHHOCTH IMOJIA B 3aBUCUMOCTH OT MECT IpueMa

MOXHO TIPEIITOJIOKUTh, UYTO paclpeaciieHne 3HAYCHUN HAIPSHKEHHOCTH TOJIS MUQPPOBBIX TEICBU3HOHHBIX
CUTHAJIOB B 3aBHCHUMOCTH OT MECT MNpHeMa OyIeT OTJIMYAThCA OT PACIPENeICHUs IS aHAJIOTOBBIX
TEJICBU3UOHHBIX CUrHANOB. B Tabmunax 1, 2 u 3 Pekomenmanmu MCD-R P.1546 npuBoasTcs craHaapTHBIC
OTKIIOHEHHS I CIIyd9aeB aHaIOTrOBOro W mudpoBoro curHainoB mns dactorel 100 MI'm, 600 MI'm u
2000 MTI'11, COOTBETCTBEHHO.

Ha pucynke 9 mpuBeseHbl pe3yibTaThl UCCIEIOBAHUN PACHPOCTPAHEHHS CUTHAIOB IHU(POBBIX CHCTEM B
nuanazoHax OBY u YBY. PucyHok npuBeneH A1 CTaHIAPTHOTO OTKJIOHEHUs B 5,5 nb. Otu pesynbrarsl
MO’KHO TaKX€ MCIOJIb30BaTh AJIl MOIYUYEHHS KPUBBIX IPOTHO3MPOBAHHOTO PACIPOCTPAHEHHUS ISl IPOLICHTA
MecT npuema, oTaudaHoro ot 50%. B Pexkomenmpammu MC3-R P.1546 npuBonaTcs naHHbIEC 17151 aHAJIOTOBOM U
UUpPOBOH CHCTEM TPU MPOLEHTE MECT MpuemMa, OoTIudHOM oT 50%, Koraa mMpHHA MOJOCH HUPPOBOH
cucteMsl npesbimaer 1,5 MI .

PUCYHOK 9

OtHowmenue (1b) HANPSZKEHHOCTH MOJIS /Il 32IaHHOT0 MPOLEHTAa MeCT npueMa
K HanpskeHHOCTH moas 1Js 50% mect npuema
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l_[pOLIeHT MECT IIpueMa

Yacrora: 30-250 MI'y (nuanazonst |, Il u I11)
u 470-890 MI'nf (nuamazonsr 1V u V)

BT.2033-09
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2 IIpuemM Ha nepeHOCHOE 000PYAOBaHME B 3JaHUAX U TPAHCHOPTHBIX CPEICTBAX

2.1 IMoTepu no BoIcoTE: LA

Jida cyXomyTHBIX TpakToB mpuBereHHble B Pexomenpmarmun MC3O-R P.1546 kpuBble aloT 3Ha4YeHHA
HaIpPsHKEHHOCTH TOJNA IJIL MPUEMHOM aHTEHHBI, BBICOTAa KOTOPOW HaJ YPOBHEM 3€MIM PaBHA MUNUYHOU
gvicome HaJ TIOBEPXHOCTBIO 3€MIIM B pallOHE MECTOPACHOJIOKEHHUS NPUEMHON aHTeHHBI. llpm ycnoBum
MUHUMAaJIbHBIN BBICOTHI B 10 M mprMepaMHu 3TalTOHHON BBICOTHI ABJSAOTCS 20 M 71 TOPOACKUX paiioHoB, 30 M
JUISL TOPOJICKUX PaiOHOB C MJIOTHOM 3acTpoiikoi U 10 M 11t IpUTOPOTHBIX paiftoHOB. (11 MOPCKHUX TPakTOB
yciioBHas BenndrHa paBHa 10 M.)

Ecnu BbIcOTa MpUEMHOW aHTEHHBI OTIMYAETCS] OT TUIMYHOW BBICOTHI, K 3HAYCHUIO HAMPSHKEHHOCTH MOJIS
MPUMEHSIETCS] TOMPAaBOYHBIA KOA(QQHULIMEHT, B3ATHIA M3 NpHUBeNeHHBIX B Pexomenmammu MCD-R P.1546
KpPHUBBIX, B COOTBETCTBUU C MPOLEAYPOU, U3JI0KEHHOH B 3TOI PeKoMeH1anuu.

2.2 IMoTepu Ha Bxone B 31anue: Ly

[lorepu, cBs3aHHBIE C MPOHMKHOBEHHWEM B 3llaHHE, B CYLIECTBEHHOH CTEIECHU 3aBHCAT OT CTPOUTEIBHBIX
MaTepHaJIoB, yIiia najeHus 1 yacToTel. Crenyer Takke o0paTuTh BHUMaHHE HA TO, OCYLLECTBIISIETCS JIU IPUEM
BO BHYTPEHHEM IOMEIICHUN WIH B IOMEIIEHHH, PACTIOI0KEHHOM MOOIM30CTH OT BHeWIHel creHbl. [lotepu
Ha BXOJI€ B 3/laHUE ONpEeNAloTCs Kak pasHuia (1b) Mexnay cpefHell HanpsKeHHOCTBIO MOJI BHYTPH 3/1aHUS
Ha OIPEIeNICHHOM BBICOTE HAJl YPOBHEM 3€MIIM M CPEIHEH HAIPSHKEHHOCTHIO MOJISI BHE 3TOTO 3JaHMS Ha TOM
YK€ BBICOTE HaJl yPOBHEM 3€MJIH.

XOoTs He UMeeTCs €IMHOM IMOJIHOW (hOpMyJIBI JUIsl pacueTa MOTEPh HAa BXOJE B 3JaHME, B PexoMeHaanuu
MCD-R P.679 mpuBomuTCs mose3Has cCTaTUCTHYECKass HHPOpPMAaIHsi, OCHOBaHHASI HA U3MEPEHHBIX MOTEPsIX B
Pa3IMYHBIX TUMAX 30aHUN U1 4acToT oT okojio 500 MI'n no 5 I'Tu. IloTepu npu pacnpocTpaHEHUU BHYTpU
3[[21HI/II71, CBA3aHHBIC CO CTCHAMH U MCKAYITAKHBIMU NEPCKPLITUAMHA, PAaCCMAaTPHUBAIOTCA B PCKOMGHI[EIHI/II/I
MC3-R P.1238.

Bru10 m3MepeHo MHOXKECTBO pa3HOOOPA3HBIX MOTEPh HA BXOJAE B 37aHWe. B Tabmure 27 mpuBOISATCS TpH
Kjlacca OTHOCHTENBbHBIX BO3MOXKHOCTEH oOOecliedueHHsi MpHeMa BHYTPU TMOMEIICHWH, a TaKkke
COOTBCTCTBYIOIIHME CPECAHUC W CTAHAAPTHBLIC OTKJIOHCHHA IOTEPhL Ha BXOAC B 3AaHUC JIA TOU Ke
HaNpsHKEHHOCTH MOJIS HA YIHMIE, KOTOPbIE pPacCUMTaHbl HA OCHOBE H3MEpeHuil B auana3one Y BY.

TABJIMLIA 27
Pazinuynble moTepu HA BXo/ie B 31aHue B 1uana3onax IV/V YBY
Knaccnpukanus
(buran . Cpeanue norepu CranpaprHoe
OTHOCHTEJIbHBIX BO3MOKHOCTEH
HA BXOJie B 3JaHHe OTKJIOHEHHE
o0ecrieyeHust MpueMa BHYTPH
. (ab) (nb)
MoMeneHni
Bricokue 7
Cpennue 11
Huskue 15

[Ipumepsl 3maHUN C PA3TUYHBIMH CPAaBHUTEIHHBIMA BO3MOXKHOCTSIMH OOECIIEUCHHS TpHEMa BHYTpPHU
MOMEIEHUH:

Buicokue:
- MIPUTOPOIHOE KO0 3IaHHE C OKHAMU HE U3 METAITU3UPOBAHHOTO CTEKIIA;

- MOMCHICHUC C OKHOM, pPACIOJOXXCHHBIM Ha BHEIIHEH CTEHE MHOI'OATa)KHOI'O KUJIOI'O 34aHuA,
B YCJIOBUAX ropoaa.
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Cpeonue:
— BHEIITHUE MTOMEIICHHUS ¢ OKHAMH U3 METAITH3UPOBAHHOTO CTEKJIa B YCIOBHUIX TOPO/Ia;

- BHYTPCHHHUE IMTOMCIICHUS B MHOT'O3TAX)KHOM KUJIOM 3JaHUU B YCJIOBUSAX TOpoaa.

Huskue:

- BHYTPCHHHUE NMOMCIICHU B aIMUHUCTPATUBHBIX 3JaHUAX.

HpI/I HaJIM4UH 00Jice TOYHBIX JaHHBIX, OCHOBAHHBIX Ha MECTHBIX UBMCPCHUAX, OHU MOT'YT UCIIOJIb30BATHCA B
KaueCTBC OCHOBBI IJId INIAHUPOBAHUA KOHKpCTHOfI yCiyru.

2.3 IloTepu HA BXO/I€ B TPAHCIIOPTHOE CPeACTBO: Ly

[Ipu mpueme Ha MOPTATUBHOE YCTPOMCTBO BHYTPHU TPAHCIOPTHOTO CPEJACTBA CJEAYyeT NPUHUMATH BO
BHUMaHUE TOTEPH Ha Ky30Be aBTOMOOWs. TumuyHas moTeps Ha BXOJE B TPAHCIIOPTHOE CPEACTBO IS
muamnazoHoB [V/V YBY, paccuntanHas Ha OCHOBE OIBITa COTOBOM pamuomnepenadn, CocTaBisieT 6 ab.

3 HN30upaTebHOCTh MPHEMHOI AaHTEHHBI

Wudopmaiuss o HampaBIEHHOCTH M IOJSIPU3ALMOHHONW W30MPaTEIbHOCTH OBITOBBIX MPUEMHBIX AHTEHH
npuBeneHa B Pexkomennanmn MCO-R BT.4109.

4 AHTEHHBI ISl IPeMa HA NlePeHOCHoe H MOONJIbLHOe 000py10BaHHe

4.1 AHTeHHBI UIA MPHeMa Ha NMepPeHoCHoe 000py10BaHNe

beum HU3MEPEHBI PAa3JIMYHBIC BEIMYUHBI YCUJICHUA aHTCHHBI 1JIA Pa3HbIX TUIIOB aHTCHH. Huxe MpEaACTaBJICHBI
TUITUYHBIC 3HAYCHUA YCUIJICHUSA aHTCHHBI:

TABJIMLIA 28
Ycunenue antennsl (1ba) npu npuemMe Ha NepeHOCHOe 000py/I0BaHHUE
Jnanason Ycunienne
(abn)

Huanazon I11 OBY -2

Hwuanazon IV YBY

Jwnanazon V YBU
[onsipuzanonHas u30UpaTeNbHOCTE HE IPEAIIONaraeTcs.
4.2 AHTeHHBI VI IPHeMa HA MOPTATHBHOE 000py10BaHHe

AHTeHHa B HEOOJBILIOM IO pa3Mepy MOPTaTUBHOM OKOHEYHOM OOOPYAOBAHMHM JOJDKHA OBITH COCTABHOM
YacThl0 KOHCTPYKUHMH 3TOr0 0OOpYIOBaHUS M, CJIEIOBATENbHO, JOIDKHA MMETh HEOOJBIIHE pa3Mephl IO
CPaBHEHMIO C JUIMHOW BOJIHBL. COIJIaCHO CYIIECTBYIOLIEMY B HAcTOSIEE BPeMsl NOHUMAHUIO BOIPOCOB,
CBSI3aHHBIX C KOHCTPYKIMEH, JUIsl YCHJIEHWs AaHTEHHbl HAaUXYALIUI CIy4ad OTHOCHUTCS K HIDKHEW 4YacTH
nuanazoHa YBY. Ycunenue aHTeHHBI Ui Tpex 4yacToT B auamazoHe YBUY mpuBomutcs B Tabmuie 29.
HomunansHOE ycuiieHWe aHTEHHBI MEXKAY 3THMH YacTOTaMH MOJKET OBITH IMOMyYeHO IMyTeM JIMHEHHOU
WHTEPIIOIALINH.
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TABJIUIIA 29
Ycunenue antenHsl (1b1) npu npuemMe Ha MOPTATHBHOE 000PyI0BaHHE
Yacrora Ycunnenne
(MI') (1bx)
474 -12
698 -9
858 -7

B nemom MIMoJIApru3ainOHHasA I/I36I/IpaTeJ'IBHOCTI: HE MpeanojgaracTcsa Ijsd 3TOro Tuiia NEpPpEeHOCHBIX IMPUEMHBIX
AHTCHH, a IuarpaMmMa HallpaBJICHHOCTH B FOpHSOHTaHBHOﬁ IIJIOCKOCTH ABJIACTCA HeHaHpaBHEHHOfI.

4.3 AHTeHHBI UIA MpHeMa Ha MOOW/ILHOE 000py10BaHHe

PeanbHas cTaHmapTHas aHTEHHA JJIsl IPUEMa B TPAHCIIOPTHOM CPEJCTBE — 3TO MOHOMONb 1/4, B KOTOPOM B
KaueCTBE IUIOCKOCTH OCHOBaHUS MCIIOJIB3YETCS METa/UIMdYecKasl Kpbillla. YCWICHHWE AaHTCHHBI s
CTaHIAPTHBIX YTJIOB MaJACHUS BOJIHBI 3aBUCUT OT PACIIONIOKEHHS aHTEHHBI Ha KpbIiie. J[J1s TacCHBHBIX CHCTEM
aHTCHH MOKHO OXKHJAaTh 3HaYCHUsI, TpuBeeHHbIe B Ta0mmie 30.

TABJIMIIA 30
Ycunienue anteHus! (1bx) npu npueme Ha MoOMIILHOE 000pPYyI0BaHUE
Jlnanazon Ycuienue
(nbm)
Juamnazon I1I OBY _5
Hwnanazon IV YBY 2
Huanazon V YBY 1

TeopeTruecku, MoJApU3alMOHHAsS MU30MPATEIBHOCTh cocTaBisieT mnopsaka 4—10 nb, B 3aBUCHMMOCTH OT
PacToNOXeH sl aHTEHHBI Ha KPBIIIIE.

) IHpombimnennsiii mym (MMN)

Jlnst tienieid MIaHupOBaHMS MCTIONB3YIOTCS 3HAUCHMST MPOMBIIUIEHHOTO IIyMa, MPHUBEAEHHbIe B Tabmuiax 31
u 32.

TABJIMLIA 31

HonpaBKa Ha l'[pOMBIlIIJ'IeHHI:Iﬁ IIyM IPHA pacueTe AJs ropoaCKux paﬁOHOB

I'opoackoii paiion Junana3zon 111 JAuana3onst IV/V

IonpaBka HAa NPOMBIIJIEHHBIH IIYM

PeneBanTHOE 3Ha4YeHME U151 BCTPOCHHOM AHTEHHBI B IOPTaTUBHOM

MIEPEHOCHOM MPUEMHHUKE 0 0
PeneBanTHOE 3HaUCHME AJIs1 BHENTHEW aHTEHHBI* B TOPTATUBHOM 1 0
MIEPEHOCHOM MPUEMHHKE

PeneBanTHOE 3HaYeHME JIsl YCTAHOBJIEHHOW HA KPBIIIE AHTCHHBI 2 1b 0 nb
PesieBaHTHOE 3HAYCHME U1l AHTCHHBI, IPUCIIOCOOICHHON ISt 8 15 115

NOPTATUBHBIX U MOOHUIBHBIX IMPUEMHHKOB

*  TenedoHHas TpyOKa ¢ TEIECKOMNIESCKON UM BCTPOCHHON aHTEHHOM.
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TABJIULIA 32
IHonpaBka Ha NPOMBILLJIEHHBIH LIYM IPH pacyere AJsl CeJIbCKUX PaiiloHOB
Ceabckuii paiion Juanazon 111 JAuanazouns IV/V
IHonpaBka Ha NPOMBILICHHBIH LIYM
PeneBanTHOC 3HaUCHHE JIA BCTpOGHHOﬁ AHTCHHBI B TIOPTAaTUBHOM 0 0
TIEPEHOCHOM NPUEMHHKE
PeneBanTHOE 3HaUCHME JJIA BHEIIHEH aHTEHHBI* B NMOPTAaTUBHOM 0 0
NIEPEHOCHOM IMPUEMHHKE
PeneBanTHOE 3HaUeHME 1Sl YCTAHOBJIEHHOW HA KPBIIIE AaHTEHHBI 2 1b 0 nb
PeneBanTHOE 3HaYCHME AJIS1 AHTECHHBI, IPUCIIOCOOICHHON IS 5 15 016
NOPTATUBHBIX U MOOWIBHBIX IMPUEMHHKOB A A
*  TenedonHas TpyOKa ¢ TeIECKOMMYECKON MIIM BCTPOCHHON aHTECHHOIA.
Ipunoxenue 5
(dns mapopmarnun)
MeTobI OLIECHKH TOYKH 0TKAa3a

1 Meton cy0ObeKTHMBHOrO ompenejdeHuss TOYKH orTkaza (SFP) nns u3MepeHusi 3allIMTHBIX

OTHOILIEHUH

B OBITOBBIX TpHEMHHKaX MOXKET OKa3aTbCsl HEBO3MOXXHBIM u3MepuTh BER, B cBs3u ¢ atum ans
€IMHOO0OPAa3HOTO U3MEPEHHMS 3aLIUTHBIX OTHOIIEHUH ObII MPEJIOKEH HOBBIH METOM, HAa3bIBAEMBIH METOAOM
SFP. Kputepmem kauecTBa NHpH H3MEPEHHM 3aIIWTHBIX OTHOIIEHWH SIBISETCS TpeAen, IO KOTOpPOro
nzobpaxenne Ha TB skpaHe siBisieTcst 6e30mmO04HbIM. 3amuTHoe PY oTHOMIEHHE ISl TIOJIE3HOTO CUrHAla
DVB-T npexacrasisieT co00il OTHOLIEHKE ITOJIE3HOIO CUTHAJIA K MELIAIOIIeMy CUTHAITy Ha BXOJ€ IPUEMHHUKA,
omnpeneneHHoe MeTonoM SFP u okpyrinennoe 1o Ommxaniero Hejaoro yucia.

Meton SFP nmoaxoauT Juist KauecTBa H300paKeHHUs, IIPU KOTOPOM B TEUCHUE CPEAHET0 BPEMEHU HAOJIF0ICHUS
20 ¢ 3ameTHO He OoJiee oiHOM omnOku. HacTpolika ypoBHEH MMOJIE3HOI0 M MEIIAIOIIETr0 CUTHAJIOB JIJIsl METO1a
SFP ocymecTBisieTcss HEOONBIIMMHA IIIaraMu, TP 3TOM BeNWYMHA mara cocrasiser oosraHO 0,1 nb. Jlns
WCTOYHUKA TMOMeX "B BHUAE IIYMOB" pasHHUIIA MEXJIy 3HAYEHHSIMM OTHOILIEHHUS TOJIE3HOTO CHTHala K
MeIIaIeMy CUTHaTy, noiydeHHpIME MeTogoM QEF (mpu mocnexyromeit BER BCH 1 x 10-11) u meTomom
SFP, cocraBmser meHee | nb B cmiy jkecTkux "kKackaaHbIX" xapakTepucTuk aexomupoBanHusi LDPC.
TpagumroHHO, 3HAYCHHSI 3AIMUTHBIX OTHOIIECHUN IS MTOJIE3HBIX ITUGPOBHIX TB CHUTHAIOB U3MEPSIINCH MPH
BXOJHOW MOIMHOCTH TpueMHHKa —60 nbm. Tam, rie 3T0 BO3MOXKHO, 3aIUTHBIE OTHOIICHHS IS CHCTEM
nU(ppPOBOTO TEJNEBUACHUS TOIYYArOTCS W3 HM3MEPEHUH C HCIIOJIb30BAHUEM CHTHAJIOB PAa3HOTO YPOBHS,
yKa3aHHBIX B pekoMeHryemMoit meromuke (Otaer MCD-R BT.2215).

[Ipenmaraercs mpumensaTs metoa SFP mis onenku Bcex cuctem DTTB. (Borpoc o mpuMeHeHn# 3TOT0 METO1a
s nmgposoit cuctemsl ISDB-T O6yner nzydarscs B SlnoHnn.)
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Ipunoxenue 6
(HopmatuBHOE)

TponocdepHbie u HenpepbIBHbIE IOMEXHU

1 Tponoc¢epHbie 1 HeNpepbIBHbIEC IIOMEXH

[Ipu ucnonp30BaHUM 3AIMUTHBIX OTHOIICHUH B MPOIIECCE IIAHUPOBAHHUS HEOOXOIUMO OTNPEACIUTh, CUUTATh
JIU B TaHHBIX KOHKPETHBIX YCIOBHUAX TIOMEXY TPOHOC(hEepHOH MM HEPEPHIBHOW. ITO MOKHO C/IEJIATh ITyTeM
CpaBHCHUS TIOJICH pa3pakKeHusl OJs ABYX YKa3aHHBIX ycloBui. [lone pasmpakeHus omnpeaesnsercs Kak
HaIpPsDKEHHOCTH TOJIS TepeaTYiKa MEIIAOIIEro Curaana (Ipyu COOTBETCTBYIOMICH 3.M.M.), YBEITHUCHHAS Ha
COOTBETCTBYIOIIIEE 3aIUTHOE OTHOIICHHE.

Takum 006pazom, sl HEMPEPHIBHON TTOMEXH TT0JIC Pa3apaKeHUs OTPEISISICTCS Kak:
Ec = E(B0,50) + P + Ac,
a JI71st TportocepHON MOMEXH TI0JIe Pa3ApaKeHUs OTpeIeNseTc KaK:
Er = EGO, t) + P + Ar,
rue.

E(50,t): mwanpsokennocth mons  (ab(MxkB/M))  mepenmartdumka  MEMIAOIIEr0  CHUTHAJIA,
HOpManm3oBaHHas K 1 kBT u npeBbimaemas B Tedenne t% BpeMeHu;

P:  s.mm. (nb(1 kBT)) Memaromero nepegaTymnka;
A:  3amuTHOE OTHOIICHHE (Ib);
CuT: wHenpepsBHas U TporocdepHas MOMEXH, COOTBETCTBEHHO.

3aluTHOE OTHOUIEHHWE Ul HENpEephIBHOW MOMEXHM NMPUMEHMMO B TOM ciyyae, Korja Iojy4daemoe IoJie
pasapaskeHusl CHIIbHEE, YeM I10JIe, [ToJydaeMoe AJisl TponocepHol ToMexH, To ecTh koraa E¢ > Er.

910 O3Ha4yacT, 4To AC CJICAYCT UCII0JIb30BATh BO BCCX ClIyUadX, KOTaa:

E(50,50) + Ac > E(50,t) + Ar.
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Introduction

This document presents the results of the preliminary comparative evaluation of DVB-T and DVB-T2 system characteristics on the basis of measurements performed in Russian Federation.

The target purposes of the measurements were: 

1)	To carry out measurements of the main modes of DVB-T and DVB-T2 systems in the reception area of Moscow Ostankino transmitter, 30 TV channel, in two reception directions.

2)	To define the reception border for DVB-T mode in the selected directions.

3)	To carry out comparative analysis of DVB-T и DVB-T2 systems in the selected test points.

Measurements results

Locations of measurements and the estimated coverage area of DVB-T transmitter (Ostankino, 30 TV channel) are shown in Figures 1-2. ERP of transmitter in DVB-T and DVB-T2 modes is 53.6 dBW, peak factor is 11,6..11,8 dB.

Analog TV stations Tver, Tula and Ryazan (see Figure 3) is the closest TV station to the transmitter Ostankino working in 30 TV channel. Maps of the estimated field strength for stations Tver, Tula and Ryazan shown in Figures 3-5. The maximum field strength from station Tver in measurement locations of the town Klin region was about 34 dBµV/m, the sum field strength of Tula and Ryazan stations near the Kolomna town was 43 dBµV/m.

During the measurements the field strength in test points and the reception parameters was measured for the four following digital terrestrial broadcasting modes:

1)	DVB-T, 64 QAM 3/4, 8k;

2)	DVB-T2, 64 QAM 5/6, 32k ext.

3)	DVB-T2, 256 QAM 3/4, 32k ext and 8k ext.

4)	DVB-T2, 64 QAM 3/4, 32k ext.

The signal quality evaluation based on assessment of video image quality displayed by:

1)	Measuring test receiver R&S ETL (only DVB-T2);

2)	Digital set-top-box «General Satellite TE 8511» (DVB-T/T2, MPEG-2/MPEG4 AVC H.264).

3)	Digital set-top-box «Signal TLS3001T2 HD» (DVB-T/T2, MPEG-2/MPEG4 AVC H.264).








figure 1

The estimated coverage area of DVB-T transmitter Ostankino, 30 TV channel
(DVB-T, 64QAM 3/4, fixed reception)

[image: ]






Figure 2

Locations of measurements and the map of the receiver field strength

[image: рис 1.bmp]



–	Red color: field strength above 55 dBµV/m (95% of locations);

–	Yellow color: field strength is 49-55 dBµV/m (70% of locations);

–	Green color: field strength is 46-49 dBµV/m (50% of locations);

–	Blue color:  field strength below 46 dBµV/m.




figure 3

Location of 30 TV channel stations near the measurements area

[image: Помехи 3.bmp]




figure 4

The field strength level of 30 TV channel Tver station 
(with the measurement sites location marked, t=50%)

[image: 1]






figure 5

The field strength level of Tula station on 30 TV channel
(with the measurement sites location marked, t=50%)

[image: 2]




figure 6

The field strength level of Ryazan station on 30 TV channel
(with the measurement sites location marked, t=50%)

[image: 3]

The results of TV image reception in the selected points in the field measurements and comparison of the studied modes are shown in Table 1. At each point of measurement received TV picture was registered on the TV screen, and depending on the quality of the received image the grade was put. Grade 5 corresponds to the reception of TV image without distortion, grade 3 corresponds to the reception of TV image with distortions, grade 1 corresponds to absence of TV image on a TV screen, and a dash indicates that the measurement of the mode was not carried out. After collecting data of the receiving image quality the average reception quality indicator (Q), relative increase of the bit rate (RC) and the average indicator of the channel efficiency (CE) was calculated by the following formulas:



			(1)

		[image: ]	(2)

		[image: ]	(3)

where:

Q –the average reception quality indicator for corresponding mode DVB-T or DVB-T2;

Mi– the grade, placed at the ith measurement for corresponding mode;

N – the number of measurements for corresponding mode;

C– the information bit rate for corresponding mode;

RC – the increase of information bit rate of the relative mode DVB-T (64QAM 3/4);

CE – the indicator of the channel efficiency (implemented relative information bit rate in the measurement locations).

Table 1

Comparison of the main digital terrestrial broadcasting modes

		№

		Name

		Reception quality



		test point

		

		DVB-T

		DVB-T2

		DVB-T2

		DVB-T2



		

		

		64 QAM 3/4

		64 QAM 3/4

		64 QAM 5/6

		256 QAM 3/4



		1

		YuzhnoeButovo 1 

		5

		5

		5

		5



		2

		YuzhnoeButovo 2 

		5

		5

		5

		3



		3

		Setovka

		5

		5

		5

		5



		4

		NizhnyeeHoroshovo

		1

		5

		5

		3



		5

		Nastasino

		3

		5

		5

		3



		6

		Boris-Gleb

		5

		-

		5

		5



		7

		Between Boris-Gleb and Sogolevo

		5

		-

		3

		1



		8

		Zalesye

		5

		-

		3

		1



		9

		Koskovo

		5

		-

		3

		1



		

		Average reception quality indicator %, Q

		86

		100

		87

		60



		

		Bit rate Mbit/s, C

		22.3

		29.8

		33.1

		39.7



		

		Increase of bit rate, RC

		1.00

		1.34

		1.48

		1.78



		

		Average indicator of the channel efficiency, CE

		0.86

		1.34

		1.29

		1.07





Measurement locations and main results are shown in Figures 6-7.




Figure 6

Example of comparison DVB-T64QAM 3/4 (indicated by circles, bit rate– 22.3 Mbit/s) with DVB-T2 64QAM 3/4 (indicated by diamonds, bit rate–30 Mbit/s), with DVB-T2 64QAM 5/6 (indicated by triangles, bit rate - 33,1 Mbit/s),with DVB-T2 256QAM 3/4 (indicated by squares, bit rate - 39,7 Mbit/s)
by measurements results: green color – stable reception, yellow color –
reception with distortions, red color – no reception.

[image: ]




figure 7

Example of comparison DVB-T 64QAM 3/4 (indicated by circles, bit rate – 22.3 Mbit/s) with DVB-T2 64QAM 5/6 (indicated by triangles, bit rate - 33,1 Mbit/s), with DVB-T2 256QAM 3/4 (indicated by squares, bit rate - 39,7 Mbit/s) by measurements results of S/N parameter: green color – S/N is above
than table values, red color – S/N is below than table values.

[image: ]

To verify the results of field studies laboratory measurements of set-top-boxes were carried out. Below in Tables 2-5, the S/N values measured in laboratory are shown for two set-top-boxes - «General Satellite TE 8511» и «Signal», which was testing DVB-T and DVB-T2 receivers at field measurements.

For laboratory measurements the same modes as for field measurements were selected:

–	DVB-T, 8K, 64-QAM, 3/4 CC + RS, GI 1/4;

–	DVB-T2, 32K ext., 64-QAM, 3/4 LDPC + BCH, GI1/16;

–	DVB-T2, 32K ext., 64-QAM, 5/6 LDPC + BCH, GI1/16

–	DVB-T2, 32K ext., 256- QAM, 3/4 LDPC + BCH, GI1/16.




The measurements were made for three types of reception channel - for Gaussian channel, Rayleigh channel and Rice channel. Simulation of receiving channels carried on the device Rohde & Schwarz SFE, designed to test the broadcasting equipment. Simulation of the Rice channel and Rayleigh channel made with 12-beam model. Measurements were as follows: TV signal was supplied from a test transmitter R&S®SFE to the input of studied set-top-boxes. The level of the input signal was adjusted at -60 dBm (according to Recommendation ITU-R BT.1368). Then, changing the value of S/N on R&S®SFE, presence of artifacts or signal failure was fixed for 20 seconds on the TV screen. The lowest S/N, which provides TV signal without distortion and disruption, was chosen for the measured ratio of S/N for the set-top-box.

As seen from Tables 2-5, results are heterogeneous. The set-top-box «General Satellite TE 8511» showed significantly better S/N ratio compared with the set-top-box «Signal». Meanwhile, in some cases measured values of S/N are below than S/N contained in ETSIdocuments. This can be explained by errors of subjective evaluation method of distortion instead of estimation of the reception quality by BER (according to Recommendation ITU-R BT.1368 to 1 dB) as well as possible technical improvements implemented in the set-top-boxes.

Table 2

S/N values for DVB-T 64QAM 3/4

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI EN
300 744
v 1.6.1

		Measured
value

		ETSI EN
300 744
v 1.6.1

		Measured
value

		ETSI EN
300 744
v 1.6.1



		«General Satellite 

TE 8511»

		15,7

		18,2

		16,7

		18,9

		19,0

		23,0



		«Signal»

		17,6

		

		18,9

		

		21,6

		





Table 3

S/N values for DVB-T2 64QAM 3/4

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1



		«General Satellite
TE 8511»

		14,6

		15,1

		15,6

		15,4

		17,1

		17,7



		«Signal»

		16,4

		

		17,7

		

		19,4

		










Table 4

S/N values for DVB-T2 64QAM 5/6

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1



		«General Satellite
TE 8511»

		16.4

		16,8

		17.5

		17,2

		19.5

		20,2



		«Signal»

		18.6

		

		20.2

		

		23.9

		





Table 5

S/N values for DVB-T2 256QAM 3/4

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1



		«General Satellite 
TE 8511»

		20.1

		20,0  

		21.2

		20,3

		22.9

		22,6



		«Signal»

		22.7

		

		24.2

		

		26.9

		







Main conclusions:

1)	Field test of DVB-T2 generally confirmed the theoretical values of S/N given in ETSI TS 102 831. Thus, the efficiency of the DVB-T and DVB-T2 systems against interference (and thus on implementing coverage areas) can be compared on the basis of the theoretical values given in ETSI EN 300 744 and ETSI TS 102 831.

2)	It was revealed that DVB-T and DVB-T2 receivers have an average deviation of the S/N values about 2-4 dB from the theoretical values given in ETSI EN 300 744 and ETSI TS 102 831. Meanwhile the deviation can be positive or negative. Thus, this fact should be considered in the experimental determination of the service area of DVB‑T/T2 stations based on the evaluation of image quality displayed on TV screens as well as on network frequency planning and qualitative comparison of the DVB-T/T2 network characteristics.









______________
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Introduction   This  document  presents the results of the preliminary comparative evaluation of DVB - T and DVB - T2 system characteristics on the basis of measurements   performed in Russian Federation .   The  target purposes   of the measurements were:    1)   To carry out measurements of the main modes of DVB - T and DVB - T2 systems in the  reception area of  Moscow  Ostankino transmitter, 30 TV channel, in two reception  directions.   2 )   To define the reception border for DVB - T m ode in the selected directions.   3)   To carry out comparative analysis of DVB - T и DVB - T2 systems in the selected test  points.   Measurements results   Locations of measurements and the estimated coverage area of DVB - T  transmitter (Ostankino, 30  TV channel) are shown in Figures 1 - 2. ERP of transmitter in DVB - T and DVB - T2 modes is 5 3 . 6   dBW, peak factor is 11,6..11,8 dB.   Analog TV stations Tver, Tula and Ryazan (see Figure 3) is the closest TV station to the transmitter  Os tankino working in 30 TV channel. Maps of the estimated field strength for stations Tver, Tula  and Ryazan shown in Figures 3 - 5. The maximum field strength from station Tver in measurement  locations of the town Klin   region was about 34 dBµV/m, the sum field   strength of Tula and Ryazan  stations near the Kolomna   town was 43 dBµV/m.   During the measurements the field strength in test points and the reception parameters was  measured for the four following digital terrestrial broadcasting modes:   1)   DVB - T, 64 QAM 3 /4, 8k;   2)   DVB - T2, 64 QAM 5/6, 32k ext.   3)   DVB - T2, 256 QAM 3/4, 32k ext and 8k ext.   4)   DVB - T2, 64 QAM 3/4, 32k ext.   The signal quality   evaluat ion based on   assessment of  video image quality  displayed   by:   1)   Measuring test receiver R&S ETL (only DVB - T2);   2)   Digital set - top - box «General Satellite TE 8511» (DVB - T/T2, MPEG - 2/MPEG4 AVC  H.264).   3)   Digital set - top - box «Signal TLS3001T2 HD» (DV B - T/T2, MPEG - 2/MPEG4 AVC  H.264).          
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Executive Summary


This report presents the results of a measurement programme to investigate the impact of interference from 800 MHz Long Term Evolution (LTE) base station emissions to Digital Terrestrial Television (DTT) services operating below 790 MHz. The results of the study are intended to inform the Ofcom consultation on technical restrictions that may be needed for co-existence of new services in the 800 MHz band with adjacent DTT use in bands below 790 MHz [1].


Both traditional “superhet” (can) and more recent “silicon” tuners have been considered from a range of manufacturers. Receivers included integrated digital televisions, personal video recorders and set-top boxes.


The base station (BS) signals used in the testing were recorded directly from an equipment vendor’s 800 MHz test network; the base station was configured for both maximum traffic loading (i.e. 100% loading) and idle conditions (i.e. no traffic on the base station, giving rise to time-discontinuous or “bursty” emissions). The recorded base station signals were replayed through a signal generator and the out-of-block emissions were adjusted to comply with the minimum requirements for Case A operation specified in ECC Dec 2010/267/EU [3]. Although base station equipment might reasonably be expected to perform better than the ECC requirement in practice, we have taken a cautious approach in this study by considering the scenario of equipment engineered to just meet the ECC out-of-block limits across DTT channel 60.


The results are presented as Carrier-to-Interference (C/I) protection ratios calculated at the point where interference results in visible degradation to viewed picture quality (the appearance of macroblock artefacts). C/I performance is a measure of receiver selectivity, defining the permitted level of interference for a given wanted signal level and frequency offset; the higher the C/I value the more sensitive the receiver is to interference.

The results show that:


· The traffic loading on the base station has a significant influence on the protection ratio results. Receivers are more susceptible to time-discontinuous emissions, when the base station is operating under idle or low traffic conditions. This is most likely due to the impact of the base station on the receivers’ Automatic Gain Control behaviour;


· The wanted DTT operating mode does not appear to have a big impact on susceptibility to interference. Results using a DVB-T wanted signal are comparable to those using a DVB-T2 signal;

· Receivers become more susceptible to interference as the wanted signal level increases. This is most likely due to the receiver front-end becoming desensitised at higher signal levels (i.e. receiver overload), resulting in the interferer requiring less power to degrade the received picture quality. When the receiver is in overload the higher C/I protection ratios are driven mainly by the increase in wanted signal level. This may have implications in areas of high TV signal strength, or where an amplifier is installed between antenna and receiver to boost the received signal level;


· A co-channel protection ratio of 21 dB would be required to protect all but the worst performing receiver irrespective of DTT transmission mode, wanted signal level at the input to the receiver and base station operating conditions;


· Protection ratios for adjacent channel interference, with the DTT receiver tuned to channel 60 and the LTE interferer centred at 796 MHz, are in the range -17 to -37 dB for low wanted signal levels at the input to the receiver (C = -70 dBm), increasing to between -1 and -20 for high wanted signal levels (C = -30 dBm);


· Superhet tuners are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). The N+9 image channel rejection of DTT receivers based on superhet tuner designs is critical to minimising the susceptibility of these receivers to LTE base station interference. The results show that a C/I protection ratio of around -40 dB should be specified for superhet receivers. Silicon tuners have a low, or zero, intermediate frequency and do not suffer the same N+9 image problems as superhet receivers.
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1. Introduction


1.1 Background

In March 2011 Ofcom published a consultation document setting out proposals for the award of spectrum in the 800 MHz and 2.6 GHz frequency bands [2]. The 800 MHz band is part of the digital dividend; the spectrum freed up as a result of the switchover from analogue to digital TV. Ofcom envisions this spectrum will be used to deliver the next generation of mobile broadband services using technologies such as LTE and WiMAX. 

The harmonised frequency arrangements for the 800 MHz band are set out in ECC Decision 2010/267/EU [3], based on Frequency Division Duplex operation with the downlink located in the lower part of the band, from 791 – 821 MHz, an 11 MHz duplex gap between 821 – 832 MHz and then the up link located from 832 – 862 MHz. A 1 MHz guard band, from 790 – 791 MHz, separates the edge of the broadcasting band (DTT channel 60) from the LTE downlink allocation, as illustrated in Figure 1.


[image: image1]

Figure 1: LTE and DTT frequency allocations

The deployment of future mobile services in the 800 MHz band introduces the risk of potential interference to DTT receiving equipment. This report considers the coexistence issue between the uppermost DTT channels (channels 51 to 60) and emissions from LTE base stations operating in the 791 – 821 MHz band. Since DTT receivers are designed to operate across UHF Band IV and V, from 470 – 862 MHz, there is the potential for base stations to cause interference to DTT reception through two principal mechanisms:

· Front end overload of the receiver: The receiver becomes overloaded if the sum of the signal powers at the receiver input exceeds a certain threshold. Since this is dependent on the cumulative effect of a number of different signal levels, the severity of the interference will vary in different geographic regions. When the receiver is in overload the ability to discriminate against Adjacent Channel Interference falls as the RF input level rises. 

· Degradation in receiver Signal-to-Noise ratio: If the ratio of wanted signal power to that of interference power at the receiver input reduces below a specific threshold then the DTT receiver will fail to operate properly. Unwanted signal power reduces as the frequency offset between the interferer and victim increases.

In this study we consider the potential for interference to ten different DTT receivers categorised as follows:


· Televisions with integrated digital TV tuners (iDTV);

· Personal video recorders (PVRs) capable of recording digital content to an internal hard drive;

· Set-top boxes capable of receiving “freeview” digital television (STBs).

Two different DTT transmission standards were considered:


· DVB-T, the most widely deployed DTT system worldwide, with more than 200 million receivers operating in over 60 countries [6]. DVB-T transmissions were first broadcast in the UK in 1998;


· DVB-T2, an evolution of the DVB-T standard offering better spectrum efficiency, robustness and flexibility. DVB-T2 uses the latest modulation and coding techniques to enable efficient use of spectrum for the delivery of video, audio and data services to fixed, portable and mobile devices. DVB-T2 transmissions were first broadcast in the UK in March 2010.

Since 800 MHz LTE technology is in the very early stages of roll-out at the time of this study, the base station emissions used as the interference source were recorded from a vendor’s test network. It should be noted that equipment from other vendors may vary in performance, which may in turn have an impact on the results.

Two base station configurations were considered:

· The base station operating under fully loaded traffic conditions (i.e. 100% loading);


· The base station operating under idle traffic conditions (i.e. no traffic loading).


The results of this study have been used to inform the Protection Clause field trial undertaken by Ofcom to test and verify the results of theoretical modelling
.

1.2 Scope & Objectives


The objectives of the practical measurement study were to derive Carrier-to-Interference (C/I) protection ratios for a range of DTT receivers under the following operating conditions:

· DVB-T and DVB-T2 operating modes;

· Wanted signal levels at the input to the receiver of -70, -50, -30, -20 and -12 dBm;


· Interference from time variant LTE base station signals representing fully loaded and idle traffic conditions;

· Frequency offsets from co-channel to N+11 channel offsets, in 8 MHz steps.


2. Test Setup

2.1 Receivers Under Test


DTT receivers can be implemented using a variety of RF tuner architectures [7]. The most common are the super heterodyne (can) receiver and the silicone receiver:


· In a superhet receiver the received RF signal is mixed with a local oscillator (LO) signal to produce a resulting intermediate frequency (IF). This type of receiver is particularly prone to image channel interference at 72 MHz above the wanted frequency (“the N+9 problem”).

· Silicone receivers overcome the superhet IF image response issue by having a zero or low IF stage. The zero IF receiver directly converts the RF signal to baseband centred on 0 Hz using two mixers operating in quadrature. However, this type of architecture introduces other issues centred on the need to amplify signals near or at DC. A low IF receiver attempts to overcome the problems with zero IF receivers by choosing an IF frequency which causes the image frequency to fall into an adjacent channel. The receiver must still achieve sufficient image channel rejection to meet the required adjacent channel specification, but many radio standards require less selectivity for interfering signals occurring in adjacent channels than they do for interfering signals in other channels. Zero and low IF receiver architectures lend themselves to a high degree of integration and are hence often referred to as silicon receivers 
.

The receivers under test in this study are shown in Table 1 below. These consisted of a mix of iDTV, PVR and STBs with either can or silicon tuner architectures. 


Table 1:
Receivers Under Test

		Receiver ID

		DTT Transmission Mode

		Receiver Type

		Tuner



		Receiver 1

		DVB-T & T2

		iDTV

		Silicon



		Receiver 4

		DVB-T & T2

		iDTV

		Can



		Receiver 6

		DVB-T & T2

		PVR

		Silicon



		Receiver 7

		DVB-T2

		iDTV

		Can



		Receiver 8

		DVB-T & T2

		STB

		Silicon



		Receiver 9

		DVB-T2

		iDTV

		Can



		Receiver 10

		DVB-T2

		PVR

		Silicon



		Receiver 11

		DVB-T2

		iDTV

		Can



		Receiver 12

		DVB-T2

		STB

		Silicon



		Receiver 13

		DVB-T

		STB

		Can





2.2 Wanted Signal


The wanted DTT test signal was produced by a Rohde & Schwarz SFE signal generator configured for either DVB-T or DVB-T2 transmissions based on the appropriate parameters from ETSI standards EN 300 744 (DVB-T) [8] and EN 302 755 (DVB-T2) [9]. The key parameters are summarised in Table 2.

Table 2:
Wanted DVB-T/DVB-T2 system parameters


		Parameter

		DVB-T

		DVB-T2



		Multiple access

		COFDM

		COFDM



		Modulation

		64-QAM

		256-QAM



		Forward error correction

		2/3

		2/3



		FFT points

		8 k

		32 k



		Guard Interval ((s)

		7  (1/32)

		28  (1/128)



		Data rate (Mbit/s)

		24.1

		40.2



		Channel bandwidth

		8 MHz

		8 MHz





All measurements were based on the non-critical DVB-T mask described in ETSI EN 302 296 [10] as shown in Table 3. The resulting spectral emissions of the wanted signal are compared with the ETSI non-critical mask in Figure 2 below, measured in a 5 kHz resolution bandwidth (RBW).

Table 3:
DVB-T transmit masks

		Offset (MHz)

		Critical Mask dBc

		Non-critical mask dBc

		Relaxed non-critical mask dBc

		Ref Bandwidth (kHz)



		+/-3.8

		-32.8

		-32.8

		-32.8

		4



		+/-4.2

		-83

		-73

		-67.8

		4



		+/-6

		-95

		-85

		-85

		4



		+/-12

		-120

		-110

		-110

		4



		+/-20

		-120

		-110

		-110

		4
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Figure 2: DVB-T wanted non-critical transmitter mask

Measurements were undertaken for wanted signal levels at the antenna input to the DTT receiver of -70, -50, -30, -20 and -12 dBm and for channel offsets from co-channel (N), channel 60 to channel 48 (in 8 MHz steps) and channel 38.

2.3 Interfering Signal


Commission Decision 2010/267/EU [3] sets out the technical parameters that apply to the use of the 800 MHz band by networks other than high-power broadcasting networks. The technical licence conditions that Ofcom proposes to adopt for the 800 MHz band are set out in a consultation document published in June 2011 [4] and are fully consistent with the ECC Decision 2010/267/EU parameters.

The base station emissions used as the interference source were recorded directly from a vendor’s LTE 800 MHz test network; the base station was configured for maximum traffic loading (i.e. 100% loading) and idle conditions (i.e. no traffic on the base station). In each case the resource block allocation and sub-frame usage were adjusted automatically according the vendor’s base station scheduler. The BASE STATION was configured for QPSK modulation and 10 MHz channel bandwidth as described in Appendix A of ETSI TS 136 104 (3GPP TS 36.104) [11] and summarised in Table 5 below.


Measurements were undertaken with the base station frequency centred on 796 MHz, occupying the frequency range 791 – 801 MHz (Block A) for a 10 MHz bandwidth signal.


Table 4:
LTE BASE STATION signal parameters


		Parameter

		Value



		Multiple access method

		OFDMA



		Duplex

		FDD



		Channel bandwidth

		10 MHz



		Allocated resource blocks 

		Allocated dynamically depending on traffic



		Channel modulation

		QPSK



		Sub-frame length

		1 ms



		Number of OFDM sub-carriers

		12 (per resource block)



		Sub-carrier bandwidth

		15 kHz



		Code rate

		1/3





ECC Dec 2010/267/EU sets out Block Edge Masks (BEMs) as an essential requirement of the technical conditions necessary to ensure coexistence between services at a national level. These BEMs are a set of technical parameters that define the in-block and out-of-block power for the LTE base station. Three cases are defined; Case A for TV channels where broadcasting is protected, Case B for TV channels where broadcasting is subject to an intermediate level of protection and Case C for TV channels where broadcasting is not protected. Ofcom has indicated [4] that they intend to apply Case A limits at all locations and for all DTT frequencies, as summarised in Table 5.


Table 5:
Base station out-of-block EIRP limits


		Case

		Frequency
range

		Condition on base station in-block EIRP, P 
dBm/10 MHz

		Maximum mean 
out-of-block EIRP

		Measurement 


bandwidth



		A

		470 – 790 MHz

		P ≥ 59

		0 dBm

		8 MHz



		

		

		36 ≤ P < 59

		(P-59) dBm

		8 MHz



		

		

		P < 36

		-23 dBm

		8 MHz





Out-of-block power refers to the power radiated by a transmitter outside its channel bandwidth. Since the out-of-block performance of “real” base station equipment is not known at the time of this study we have taken a somewhat worst-case approach by assuming that BASE STATION emissions just meet the maximum mean out-of-block EIRP requirement over DTT channel 60, given in Table 5. Although base station equipment might reasonably be expected to perform better than the ECC requirement, the scenario presented in this report does reflect the potential results of equipment engineered to just meet the ECC out-of-block limits.

The recorded base station emissions were played back through an Agilent E4438C signal generator and amplified by an overdriven amplifier to create spectral re-growth, before being filtered in order to remove any broadband noise and adjust the out-of-block emissions. The transmit power was controlled using a variable attenuator to step the entire mask up or down, thus maintaining a constant relationship between in-block and out-of-block power throughout the testing. The setup is illustrated in Figure 3.


[image: image3]

Figure 3: Generation of LTE BASE STATION interferer

The resulting spectral emissions, for the base station under fully loaded and idle conditions, are shown in Figure 4 and Figure 5 below. It can be see from the figures that the out-of-block power in DTT channel 60, measured in an 8 MHz bandwidth, is -59 dBc (equivalent to 0 dBm assuming an in-block EIRP = 59dBm).

Emission levels reduce with increasing frequency offset from the carrier, resulting in lower out-of-block emissions over channels 59 and below.
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Figure 4: Spectral emissions for LTE base station under fully loaded traffic conditions
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Figure 5: Spectral emissions for LTE base station under idle traffic conditions

The relative emissions for fully loaded and idle traffic conditions are compared in the figure below. It can be seen that the average power of the base station under idle conditions is lower than when the base station is fully loaded with traffic (by around 8.3 dB). Although the average power of the BASE STATION signal reduces with traffic, the peak power remains the same as for the fully loaded signal.
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Figure 6: Comparison of fully loaded and idle base station emissions

The figure below shows the discontinuous (“bursty”) nature of the base station emissions in idle mode, captured using a fast sweep time on the spectrum analyzer.
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Figure 7: Bursty nature of base station emissions under idle conditions

2.4 Failure Criterion


DVB-T/T2 systems use Coded Orthogonal Frequency Division Multiplexing (COFDM) which spreads the information over a large number of orthogonal carriers. Forward Error Correction (FEC) is then applied to improve the Bit Error Ratio (BER). In many digital systems the data to be transmitted undergoes two types of FEC coding; Reed Solomon and convolutional coding (Viterbi). At the receiver end, the pseudo-random sequence added at the transmitter by the convolutional encoder is decoded by the Viterbi decoder, followed by Reed Solomon decoding for parity checking. 


The error protection employed by such digital systems usually results in an abrupt “cliff-edge” effect in the presence of interference when compared to analogue systems. The Digital TV Group
 publishes the D-Book, which includes degradation criteria to be used when assessing interference to digital systems. The different DVB-T receiver degradation criteria taken from the D-Book are compared in Table 6 below.

Table 6:
D-Book comparison of degradation criteria


		Criterion

		Description

		Comments



		REFBER

		Post Viterbi BER=2x10-4

		BER can be very erratic with some types of impairment (e.g. impulsive inference), so an accurate measure can be hard to achieve. A measure of BER is often not available (e.g. in a commercial receiver).



		UCE

		No un-correctable Transport Stream errors in a defined period.

		Probably the most useful measure, but unfortunately this is often not available (e.g. in a commercial receiver).



		UCE 


Rate

		A measure of the number of UCE in a defined period.

		Sometimes normalised to ‘Error Seconds’ (Used for ‘mobile’ applications).



		PF

		“Picture Failure”. No. of observed, (or detected) picture artefacts in a defined period. 

		This is what the consumer sees and cares about. There is always access to a ‘picture’ in a commercial receiver. However, when testing demodulators alone, MPEG decoding and picture display is not always available.



		SFP

		“Subjective failure point”

		Essentially the same as PF





The reference BER, defined as BER = 2 x 10-4 after Viterbi decoding, corresponds to the Quasi Error Free (QEF) criterion in the DVB-T standard, which states “less than one uncorrelated error event per hour”. 


However, as noted in the D-Book, there is often no direct way of identifying BER or transport stream errors for commercial receivers. In this case Picture Failure (PF) is the only means of assessing the interference effects.

The PF point was identified by visual observation as shown in Figure 8 below, which shows the onset of un-correctable errors (UCE) used to determine the failure point. The onset of a complete picture failure, i.e. no reception, could be observed with a 1 to 2 dB increase in the interfering signal from the PF point.
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Figure 8: Received picture showing onset of interference


2.5 Measurement Set Up

The test set-up used to perform the conducted interference measurements is shown in Figure 9 below.

The wanted DVB-T/T2 signal and unwanted LTE interferer were combined and connected to the receiver under test via an impedance matching network. A splitter was used to allow the wanted and unwanted signals to be measured on a spectrum analyzer. Cable and insertion losses have been taken into account in the results.


[image: image9]

Figure 9: Equipment Test Setup


2.6 Test Method


The following measurement procedure was used to calculate the C/I protection ratios using the conducted test set-up shown in Figure 6:

1. The receiver under test was initially tuned to 786 MHz (Ch60) and the wanted signal at the input to the antenna was set to the required power level;

2. The wanted signal channel power (C) was recorded in an 8 MHz channel bandwidth using a spectrum analyzer in channel power mode. The analyzer was set to RMS detection with a Resolution Bandwidth (RBW) of 100 kHz and a Video Bandwidth (VBW) of 1 MHz;

3. The LTE base station was set to a centre frequency of 796 MHz and the interfering signal level (I) was increased in 1 dB steps until the required failure criterion was met;

4. The interfering signal channel power (I) was recorded in a 10 MHz channel bandwidth using a spectrum analyzer in channel power mode. The analyzer was set to RMS detection with a RBW of 100 kHz and a VBW of 1 MHz;

5. The Carrier-to-Interference protection ratio was calculated from steps 2 and 4.

Steps 1 to 5 were repeated for wanted signal levels -70, -50, -30, -20 and -12 dBm and for channel offsets from co-channel (N), channel 60 to 48, and channel 38.

3. Results

In the following sections results are presented as the Carrier-to-Interference protection ratio required to protect the DTT receiver under test from LTE base station interference for the following operating scenarios:

· DVB-T and DVB-T2 signal reception;

· Wanted carrier signal levels of -70, -50 and -30 dBm;


· DTT channel offsets from co-channel
 to channel 38;


· LTE base station signals representing fully loaded and idle traffic conditions.

Receiver C/I performance is a measure of selectivity, defining the permitted level of interference for a given wanted signal level and frequency offset; the higher the C/I value the more sensitive the receiver is to interference. 

In the following sections:

· Figure 10 to Figure 15 show the C/I protection ratio results for 5 receivers receiving DVB-T signals, for different wanted signal levels and channel offsets;

· Figure 16 to Figure 21 show the C/I protection ratio results for 9 receivers receiving DVB-T2 signals, for different wanted signal levels and channel offsets;

· Figure 22 and Figure 23 provide a comparison between DVB-T and DVB-T2 modes of operation for channel 60, for receivers 1, 4, 6 and 8;

· Figure 24 and Figure 25 provide a comparison between fully loaded and idle base station interference for channel 60, for receivers 1, 4, 6 and 8.

Appendix A provides additional results for channel 60 (the first adjacent channel to the LTE base station frequency allocation) plotted as wanted signal level (C) against interfering signal level (I).

3.1 Carrier-to-Interference protection ratios
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Figure 10: C/I protection ratios for DVB-T; fully loaded BS; C = -70 dBm
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Figure 11: C/I protection ratios for DVB-T; idle BS; C = -70 dBm
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Figure 12: C/I protection ratios for DVB-T; fully loaded BS; C = -50 dBm
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Figure 13: C/I protection ratios for DVB-T; idle BS; C = -50 dBm
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Figure 14: C/I protection ratios for DVB-T; fully loaded BS; C = -30 dBm
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Figure 15: C/I protection ratios for DVB-T; idle BS; C = -30 dBm
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Figure 16: C/I protection ratios for DVB-T2; fully loaded BS; C = -70 dBm
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Figure 17: C/I protection ratios for DVB-T2; idle BS; C = -70 dBm
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Figure 18: C/I protection ratios for DVB-T2; fully loaded BS; C = -50 dBm
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Figure 19: C/I protection ratios for DVB-T2; idle BS; C = -50 dBm
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Figure 20: C/I protection ratios for DVB-T2; fully loaded BS; C = -30 dBm
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Figure 21: C/I protection ratios for DVB-T2; idle BS; C = -30 dBm


3.2 Comparison between DVB-T and DVB-T2 reception
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Figure 22: Comparison between DVB-T and DVB-T2; fully loaded BS
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Figure 23: Comparison between DVB-T and DVB-T2; idle BS


3.3 Comparison between fully loaded and idle BS operation
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Figure 24: Comparison between fully loaded and idle BS; DVB-T transmission
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Figure 25: Comparison between fully loaded and idle BS; DVB-T2 transmission

3.4 Analysis of Results

3.4.1 Carrier-to-Interference protection ratios


For the DVB-T receivers operating in channel 60 (first adjacent channel to the LTE BS):


· For a base station with maximum traffic loading (i.e. 100% load), protection ratios vary between -46 and -41 dB for low wanted signal levels (C = -70 dBm). As the wanted signal level increases, the required protection ratios also increase, to between -28 and -22 dB for a wanted level of C = -30 dBm. 

· For a base station operating under idle conditions (i.e. no traffic load) the receivers are more susceptible to interference, requiring higher protection ratios of between -42 and        -19 dB for C = -70 dBm, increasing to between -22 and 0 dB for C = -30 dBm.


For the DVB-T2 receivers operating in channel 60:


· For a base station with maximum traffic loading protection ratios vary between -43 and -35 dB for C = -70 dBm to between -29 and -17 dB for C = -30 dBm. 

· For a base station operating under idle conditions the receivers are again more susceptible to interference, requiring protection ratios of between -37 and -17 dB for C = -70 dBm, increasing to between -20 and -1 dB for C = -30 dBm.

The results show that as the wanted signal level increases the receivers become more susceptible to interference from LTE base station emissions. Previous work by ERA [12] has shown that the front end of a digital receiver starts to become desensitised for wanted signal levels greater than about -50 dBm. This desensitisation results in the interferer requiring less power to degrade the received picture quality, and the increase in C/I protection ratio is driven mainly by the increase in wanted signal level.

Receiver 8 (STB with silicon tuner) was found to be most susceptible to interference overall, particularly from the base station operating in idle mode. Protection ratios as high as 0 dB are required to protect the receiver when operating in DVB-T mode at C = -30 dBm, and     -19 dB for C = -70 dBm. Receivers 1 (iDTV with silicon tuner) and 6 (PVR with silicon tuner) were generally the least susceptible to interference.

Receivers 4, 7, 9, 11 and 13 are based on superhet tuners and are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). Receivers 4 and 13 (DVB-T) require C/I protection ratios of -41 and -45 dB for low wanted signal levels ( C = -70 dBm); Receivers 7, 9 and 11 (DVB-T2) require slightly higher protection ratios, between -33 and -39 dB. Silicon tuners, although exhibiting relatively poor overload performance, are much less sensitive to interference at the N+9 image frequency. Some of these receivers also exhibit a response at N+4; this is more noticeable for a wanted signal level of C = -50 dBm, with the base station fully loaded (Figure 18). The C/I protection ratios are summarised in the tables below for co-channel (N), channel N+1, N+2 and N+9.

Table 7:
Summary of C/I protection ratios for C = -70 dBm

		Wanted transmission:

		DVB-T

		DVB-T2



		BS operating mode:

		Idle

		100%

		Idle

		100%



		Rx1

		Co-channel


N+1

N+2

N+9

		18.89


-42.37


-46


-

		15.46


-45.79


-52.81


-62.51

		17.22


-37.85


-41.8


-51.67

		15.38


-43.18


-49.17


-58.17



		Rx4

		Co-channel


N+1

N+2

N+9

		18.18


-33.27


-40.01


-39.87

		14.63


-41.54


-44.21


-45.31

		17.99


-34.63


-43.02


-48.13

		20.98


-39.06


-45.78


-47.15



		Rx6

		Co-channel


N+1


N+2


N+9

		20.64


-38.68


-48.42


-

		18.17


-42.98


-54.87


-70.85

		16.49


-36.13


-47.86


-66.44

		18.28


-39.99


-51.69


-68.78



		Rx7

		Co-channel


N+1


N+2


N+9

		

		

		18.64


-37.31


-41.31

-37.53

		19.94


-43.47


-44.18


-36.96



		Rx8

		Co-channel


N+1


N+2


N+9

		19.35


-19.13


-21.08


-15.72

		15.53


-44.4


-45.94


-53.44

		17.85


-18.85


-22.73


-35.22

		17.21


-39.28


-43.82


-50.72



		Rx9

		Co-channel


N+1


N+2


N+9

		

		

		18.31


-31.38


-43


-35.58

		18.79


-36.19


-45.21


-33.71



		Rx10

		Co-channel


N+1


N+2


N+9

		

		

		18.82


-17.56


-23.95


-45.29

		19.00


-35.97


-47.66


-57.35



		Rx11

		Co-channel


N+1


N+2


N+9

		

		

		19.11


-34.06


-35.54


-40.96

		19.95


-35.47


-40.22


-39.11



		Rx12

		Co-channel


N+1


N+2


N+9

		

		

		19.35


-17.45


-23.47


-45.68

		21.36


-35.40


-46.59


-53.34



		Rx13

		Co-channel


N+1


N+2


N+9

		22.67


-36.12


-42.21


-44.23

		12.93


-46.25


-46


-52.98

		

		





Table 8:
Summary of C/I protection ratios for C = -50 dBm


		Wanted transmission:

		DVB-T

		DVB-T2



		BS operating mode:

		Idle

		100%

		Idle

		100%



		Rx1

		Co-channel


N+1


N+2


N+9

		19.21


-39.02


-42.32


-

		15.28


-45.82


-48.81


-

		17.98


-39.15


-43.03


-

		19.74


-45.54


-48.42


-55.78



		Rx4

		Co-channel


N+1


N+2


N+9

		19.78


-28.43


-36.09


-39.87

		15.76


-35.09


-42.16


-44.19

		17.73


-31.84


-40.21


-44.79

		18.55


-35.75


-43.61


-45.67



		Rx6

		Co-channel


N+1


N+2


N+9

		19.75


-31.08


-41.4


-

		15.93


-36.96


-47.55


-53.77

		16.79


-33.02


-43.65


-

		18.56


-34.83


-47.00


-50.07



		Rx7

		Co-channel


N+1


N+2


N+9

		

		

		17.64


-32.41


-35.42


-37.27

		18.56


-37.25


-38.42


-37.33



		Rx8

		Co-channel


N+1


N+2


N+9

		19.79


-3.84


-7.37


-15.72

		15.37


-40.09


-42.92


-44.52

		17.61


-9.54


-14.95


-17.44

		18.23


-39.04


-41.83


-44.78



		Rx9

		Co-channel


N+1


N+2


N+9

		

		

		17.12


-29.90


-40.83


-37.2

		18.79


-33.10


-42.34


-35.43



		Rx10

		Co-channel


N+1


N+2


N+9

		

		

		17.89


-9.89


-17.31


-33.82

		19.02


-34.55


-37.70


-38.6



		Rx11

		Co-channel


N+1


N+2


N+9

		

		

		17.89


-28.89


-35.66


-40.07

		19.88


-33.92


-36.34


-39.97



		Rx12

		Co-channel


N+1


N+2


N+9

		

		

		17.72


-11.51


-16.89


-

		18.43


-34.97


-46.66


-



		Rx13

		Co-channel


N+1


N+2


N+9

		20.17


-30.00


-39.71


-44.23

		16.39


-38.19


-43.43


-50.21

		

		





Table 9:
Summary of C/I protection ratios for C = -30 dBm


		Wanted transmission:

		DVB-T

		DVB-T2



		BS operating mode:

		Idle

		100%

		Idle

		100%



		Rx1

		Co-channel


N+1


N+2


N+9

		19.50


-22.16


-


-

		15.56


-28.71


-33.76


-

		17.53


-


-


-

		18.15


-28.45


-32.16


-



		Rx4

		Co-channel


N+1


N+2


N+9

		20.19


-16.17


-21.18


-23.23

		14.92


-22.13


-27.15


-30.17

		17.88


-17.16


-23.12


-

		19.25


-22.55


-26.45


-28.58



		Rx6

		Co-channel


N+1


N+2


N+9

		20.56


-19.55


-23.20


-

		15.14


-24.03


-29.63


-

		16.53


-19.28


-25.81


-

		18.38


-23.86


-28.71


-30.93



		Rx7

		Co-channel


N+1


N+2


N+9

		

		

		17.62


-20.26


-26.04


-25.92

		18.67


-22.67


-28.57


-29.15



		Rx8

		Co-channel


N+1


N+2


N+9

		20.05


0.80


-1.23


-7.19

		15.14


-23.08


-24.78


-24.46

		17.54


-1.44


-4.03


-11.17

		18.07


-21.95


-23.05


-24.79



		Rx9

		Co-channel


N+1


N+2


N+9

		

		

		17.84


-18.51


-25.55


-

		18.57


-22.46


-29.05


-30.89



		Rx10

		Co-channel


N+1


N+2


N+9

		

		

		17.76


-8.87


-14.60


-13.59

		18.88


-17.31


-18.31


-18.49



		Rx11

		Co-channel


N+1


N+2


N+9

		

		

		18.14


-18.18


-22.37


-23.65

		19.16


-22.34


-34.00


-25.13



		Rx12

		Co-channel


N+1


N+2


N+9

		

		

		18.42


-14.44


-21.07


-

		18.35


-29.87


-32.54


-



		Rx13

		Co-channel


N+1


N+2


N+9

		20.80


-16.77


-23.94


-

		16.61


-25.09


-30.10


-

		

		





3.4.2 DTT transmission mode

Receivers 1, 4, 6 and 8 are capable of operating in either DVB-T or DVB-T2 reception modes. Figure 22 and Figure 23 show the difference in results for DVB-T and DVB-T2 wanted signals under fully loaded and idle base station operating conditions for channel 60.


The results show that the susceptibility of DVB-T and DVB-T2 signals to LTE base station interference is very similar; DVB-T2 signals appear to be slightly more susceptible to interference when the base station is fully loaded with traffic and DVB-T signals are slightly more susceptible when the base station is in idle mode. 

Receiver 1 was more susceptible to interference when receiving DVB-T2 signals regardless of base station operating mode.


3.4.3 Base Station operating mode


Figure 24 and Figure 25 show the difference in receiver performance when subjected to interference from fully loaded and idle base station emissions. 

The results show that receivers are more susceptible to emissions when the base station is operating under idle conditions, most likely due to the time domain variation of the signal envelope affecting the receivers’ AGC behaviour. This is particularly evident for Receivers 8, 10 and 12 which are all based on silicon tuner architectures. 

Receiver 8 requires an additional 25 dB of protection from idle base station emissions in channel 60, compared to fully loaded base station emissions.

4. Conclusions

A measurements programme has been undertaken to derive Carrier-to-Interference protection ratios for a selection of DVB-T and DVB-T2 capable receivers when subjected to interference from LTE 800 MHz Base Stations. Both traditional “superhet” (can) and more recent “silicon” tuners have been considered from a range of manufacturers. Receivers included integrated digital televisions, personal video recorders and set-top boxes.

The base station signals used in the testing were recorded directly from a vendor’s 800 MHz test network; the base station was configured for maximum traffic loading (i.e. 100% loading) and idle conditions (i.e. no traffic on the base station resulting in time-discontinuous, or “bursty” emissions). The recorded base station signals were replayed through a signal generator and the out-of-block emissions were adjusted to comply with the minimum requirements for Case A operation specified in ECC Dec 2010/267/EU. Although base station equipment might reasonably be expected to perform better than the ECC requirement in practice, we have taken a cautious approach in this study by considering the scenario of equipment engineered to just meet the ECC out-of-block limits across DTT channel 60.

The results show that:


· The traffic loading on the base station has a significant influence on the protection ratio results. Receivers are more susceptible to time-discontinuous emissions, when the base station is operating under idle or low traffic conditions. This is most likely due to the impact of the base station on the receivers’ Automatic Gain Control behaviour;

· From the limited number of receivers tested, silicon tuners appear to be more susceptible to interference when the base station is operating under idle conditions;


· Results for DVB-T and DVB-T2 reception modes are similar; DVB-T receivers appear to be slightly more susceptible to idle base station conditions while DVB-T2 receivers appear to be more susceptible to fully loaded base station conditions;

· Receivers become more susceptible to interference as the wanted signal level increases. This is most likely due to the receiver front-end becoming desensitised (overloaded) at higher signal levels, resulting in the interferer requiring less power to degrade the received picture quality. When the receiver is overloaded, the higher C/I protection ratios are driven mainly by the increase in wanted signal level. This may have implications in areas of high TV signal strength, or where an amplifier is installed between antenna and receiver to boost the received signal level;

· A co-channel protection ratio of 21 dB would be required to protect all but the worst performing receiver irrespective of DTT transmission mode, wanted signal level at the input to the receiver and base station operating conditions;


· Protection ratios for adjacent channel interference, with the DTT receiver tuned to channel 60 and the LTE interferer centred at 796 MHz, are in the range -17 to -37 dB for low wanted signal levels at the input to the receiver (C = -70 dBm), increasing to between -1 and -20 for high wanted signal levels (C = -30 dBm);

· Superhet tuners are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). Receivers 4 and 13 (DVB-T) require C/I protection ratios of -41 and -45 dB for low wanted signal levels (C = -70 dBm); Receivers 7, 9 and 11 (DVB-T2) require slightly higher protection ratios, between -33 and -39 dB. Silicon tuners, although exhibiting relatively poor overload performance, are much less sensitive to interference at the N+9 image frequency.
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Appendix A 
Carrier against Interference Results
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Figure 26: C against I for channel 60, DVB-T transmission, fully loaded BS
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Figure 27: C against I for channel 60, DVB-T transmission, idle BS
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Figure 28: C against I for channel 60, DVB-T2 transmission, fully loaded BS
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Figure 29: C against I for channel 60, DVB-T2 transmission, idle BS
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� � HYPERLINK "http://stakeholders.ofcom.org.uk/consultations/coexistence-with-dtt/" ��http://stakeholders.ofcom.org.uk/consultations/coexistence-with-dtt/� 



� For a detailed discussion on receiver architecture the reader is referred to reference [7]



� The Digital TV Group is the industry association for digital television in the UK. See �HYPERLINK "http://www.dtg.org.uk/"�http://www.dtg.org.uk/� 



� Co-channel C/I protection ratios are included for information only; co-channel operation of DTT receivers and LTE base stations will not be possible in practice.
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