r. dIrbOY BO
«['TOBOMKCKMIN rocyAapCTBEHHbIA YHUBEPCUTET

TENEeKOMMYHUKaLIMA N UHAOPMATUKNY

Pa3gen 7.
[TocTpoeHue u opraHn3sauunsa cBA3U
becnpoBogHbIX ceTten 5G 1 NPOoTOKON
CeHCOpPHbIX ceten MOQTT

JlekTop :
npod. kadeapbl CCC IMIYTH,
O.T.H. ['pebewwkos A.1O.

Camapa
2021 ron



@©nryTu CCC

CETU U CUCTEMbI CBA3U

7.1 OcHOBbI NOCTPOEHUNA
ceTeun CBSA3U NOKOJeHUs
5G/IMT-2020

ICTOYHUK:
https://digital.gov.ru/uploaded/files/kontseptsiya-sozdaniya-i-
razvitiya-setej-5g-imt-2020.pdf



Xapaktepuctukm cetem 5G EEE

CETU U CUCTEMbI CBA3U

YBenuyeHmne nponyckHom crnocobHOCTM CETM (POCT CKOPOCTU nepeaaym
naHHbiX B 10-100 pa3 B pacyeTte Ha aboHeHTa go 10 'out/c (DL) n go
5 [6ut/c (UL)

ObecneveHune pocTa notTpedbnsemoro Tpaduka B pacyete Ha 1
aboHeHTa (pocTt B 1000 pa3) —go 500 ['6 Ha nonb3oBaTens B MecsL,;-

YBenuyeHne Konnyectea nogknoyaeMbiXx abOHEHTCKUX YCTPOUCTB B
cote B 10-100 pas -go 300000 Ha y3en n oo 1 munnuoHa yCTpomucTB
Ha 1 KM2;

YMeHbLUEHNE CKBO3HOW 3a4EPXKKU nepenayn gaHHbiX B cetn ¢ 10 mc
no 1 mc

MHorokpaTtHoe yBenmyeHne BpeMeEHN aBTOHOMHOW paboThl
abOHEHTCKMX YCTPOUCTB C HEDOMbLLUUM 3HEpPronoTpebneHnem, Takmx
Kak ceHcopbl I0T/M2M/D2D —go10 net

CHWXeHne CTOMMOCTN SKCryaTtauum n aHepronoTpebneHuns ceTen
5G/IMT-202040 10 pa3 no cpaBHeHUIO € ceTbio 4G 3



m HoBble ycnyru gns Cc/C/C

nonb30oBaTeéensd CETW M CUCTEMbI CBSI3V1

Ycnyrn Ha ocHOBe rofiorpamMm U MmyrnbTumMegua C norHbIM
9P EKTOM NMPUCYTCTBUSA, BKNOHAA TPAHCIALMUN CMTOPTUBHbIX
MaTyen U MHTepaKTUBHble UNbMbl ¢ oxBatom B 360 rpaa.;
NMNonHomacwTabHble ycrnyrn BUpTyaribHOM U 4ONOSTHEHHOU
peanbHocTM (Virtual Reality/Augmented Reality - VR/AR),
BKNtovas ycnyrm AR npu HaBurauum n BOXO4eHUM aBTomoounns,
OWarHoCTUKY N XMpypruvyeckoe BMeLLaTENbCTBO Ha PacCTOAHNM
C NOMOLLIbIO Xpypruyeckoro pobora.

Ycnyrn co cBepxXHU3KOU 3a4ePKKOU MO BPEeMEeHMU, BKIoYas
OVUCTaHUMOHHOE ynpaBneHne cnacarerfibHbiM poboToM U
aBTOHOMHOE BOXOEHME aBToOMObunNS;

Ycnyrn UHTepHeTa Beleu;

UHTennekTyanbHbIe yCryrm Ha ocHoBe DornbLUMX 06bLeEMOB
OAHHbIX;

TakTunbHbIN UHTEpHeT.
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Ucnonb3oBaHue ycnyr
_CBA3N 5G

CCC

CETU U CUCTEMbI CBA3U

i

OT1pacas

OxugaeMsblii yppexT

Haubdoaee BocTpedOBAHHEBIE
IKOHOMHKH CHeHAPHH NpHMeHeHHud SG
OdpabareiRaromue | 1. OGecneucHHe B3aHMOICHCTBHA MEXKIY MAalIHHAMH B peadsHOM | 1. IloBemieHme TruHOKOCTH H (P QEKTHBHOCTH
[IPOH3BOICTBA BPEMEHH UIA pOOOTH3AIHH OTAEIBHBEIX V3I0B IIPOH3BOACTBEHHBIX | OTSUSCTBEHHOI'O IIPOH3BOICTRA.
JIHHHIA. 2. CokpaicHHue CKIAICKHY PacXxoIoB.
2. Hcnonp30BaHHE GeCIPOBOIHOIO TPAHCIIOPTA /1A JOCTABKH ToBapa | 3. CoKpalmeHHe 3aTpaT BPeMEHH Ha JTOTHCTHKY.
H KOMILTEKTVIOIIHX 10 TEPPHTOPHH IIPEIIPHATHA 4. TloBEIIIeHHE KadecTBa IPOIVKITHH
3. OGecmeueHne OeCIpOBOJIHON CBA3H MekIy OomemmM | O-  [IOBBINICHHE 3¢ eKTHBHOCTH.  Ge30MacHOCTH
KOTHYECTBOM JATUYNKOB H MAHHIIYIIITOPOB C ITyJIBTOM yIIpapineHms | HUCPCOHATA.
JUTA ABTOMATH3AIHH IPOH3BOICTBEHHEIX IIPOLECCOB! 6. B TepCHEKTHBE HEPEXON  HA  IOTHOCTBIO
1 TlOLHCTHKA. OTCICKIBAHIC TOTOKA I . ABTOMATH3HPOBAHHOE  NH(POBOE  MPOH3BOICTBO,
. : ] a MPOOVKIIHH OT CBIPRA 110 )
MOMSHTA TIEDETATH B TOCTABKY TOTOBOI O IYKIIHL. yn}_paaB:meI»{oe HHTEIUIEKTYATBHBIMH  CHCTEMaMH B
pSKHME  pPEaTRHOTO  BPEMEHH B IIOCTOSHHOM
5. JIUCTAHIIHOHHOE VIIPAaBICHHE POGOTAMH IO KaHamaM CBI3H 5G/ | piapMomeficTBHH ¢ BHeIHeld cpemoil, BEIXOJIAIIEE 34
IMT-2020. B TOM 9HC/IE B HOBEIX OTPACTIAX. TPaHHIEI OTHOTO INPEINpPHATHA. C IIEPCIEKTHBOI
6. lcmonb30BaHHE JOMOTHEHHOH PEaTbHOCTH T8 MOJCTHPOBAHHA | O0OBCAMHEHHS B TIOGATEHYIO MPOMEBIILIEHHYI CETh
PeanbHEIX CHTVALIHIL B ITporecce 00ydeHHs IepcoHana. Bemeii 1 yeayt (IIoT) (Maxyetpus 4.0).
7. JIucTaHIIHOHHAA OIIEHKA Ka4eCTBA HIIH JHATHOCTHKA
AKX 1. Co3maHne HHTETPHPOBAHHOM CETH JaTUYHKOB 1714 YIIPABICHHIA 1.CHmxeHHE MOTPeGICHNA YHEPTHH, BOIBI H IPYTHX
(OGecneucHme CETAMH PacIIPeIeIeHNS PECYPCOR (3MEKTPO3HEPTHH, BOIEL, Ia3a) PeECYPCOB.
EKTPHYECKOI 2. CokparieHHe BpEMEHH BELIBICHHA H YCTPAHEHHA
SHEPTHEIL, [TOCTIEICTBHI UpPe3BhIUAHBIX CHTYAIHH B KKX:
BOJOCHAGKEHHE: yTeUeK, MPOTEUEK. 3aIbIMICHHA, HEKOHTPOIHPYEMOTO
BOJIOOTBEICHIHE, M3MEHEHHA TEMIIEPATyPhL. BIAKHOCTH.

OpraHm3anmi cGopa
H YTHIH3A0HA
OTXOJIOB.
IeATeNBHOCTE 110
TTHKBHTIAIHH
3arpA3HEHHIN)

3. CokpameHHe MoTeps MIPH IeHePall 0
pacmpenenes i 3 IeKTPO3HEPIHIL



'pynna 1 ycnyr ceten 5G EEE

YcoBepuweHCTBOBaHHaA noaBUXHas
cBepxwmpokonoriocHasa ceaA3b (eMBB).

OTa rpynna ycnyr oxesaTblBaeT CLEHapun
MCNOJIb30BaHNSA, OPUEHTUPOBAHHbLIE Ha YerioBeKa
n obecnevymsaroLme OOCTYN K MynsTUMEAUNHOMY
KOHTEHTY, ycryram n gaHHbIM (aHanornyHa
ycriyram, npeaocTtaBnseMbiM B HAaCTosLWEE BPEMS
cetamn LTE).

K Takum ycnyram otHocatca: Ultra HD v Buaeo,

3D Bnaeo, B TOM yucre B peanbHOM BPEMEHMU,
OHNaWH Urpkl, BUpTyanbHasa peanbHOCTb,
NOTOKOBbIN MOJ10C. 6



'pynna 2 ycnyr ceten 5G EEE

CETU U CUCTEMbI CBA3U

KpynHomacwTabHble cMCTeMbl MeXMaLWMHHOU
cBa3n (MloT).

Bonbluoe KoNM4YecTBO NOAKITIOYEHHbBIX YCTPOWNCTB, NepeaatoLLmnx
OTHOCUTENbHO HeEBOMNbLION 06bEM AaHHbIX, HE CTONb YYBCTBUTENbHbIX
K 3a0epxKKe.

Heobxognumo obecneynTb HU3KYH0 CTOMMOCTb aDOHEHTCKUX YCTPOWUCTB
npu nogaepxke 60nbLION 30HbI OXBaTa M NPOAOIKUTENTbHOIO BPEMEHM
paboTbl yCTponcTBa OT baTapewn.

OcHoBHble 006f1acTV NPUMEHEHUA: SHEPreTMKa, TPaHCNOPT,
30paBooxpaHeHne, Toproensi, obuiectBeHHas 6e30nacHoOCTb,
NPOMbILLUNIEHHOCTL, YKKX, 6ecnnnoTHble TpaHCNOPTHLIE CPEACTBA.

CueHapun MIOT oTnmn4yaeT BbicOKas NMNOTHOCTb COEANHEHNN K
HeobxoaMMOCTb NogaepKaHUA KOPPEKTHOIO (PyHKLIMOHNPOBaHUS
BGONbLIOro KofIM4YecTBa YCTPOUCTB B CETM.



'pynna 3 ycnyr ceten 5G EEE

CETU U CUCTEMbI CBA3U

CBepxHagexHasa nepepava gaHHbIX C Marion 3a4ep)XKKowu
(URLLC)

XKecTkne TpeboBaHMs k TakMMm nokasatensamMm PyHKLUMOHUPOBAHNSA CETMH,
KaK NponyckHasi CNOCOOHOCTb, 3aAepkKa U rOTOBHOCTb.

Ycnyrw:.

becnpoBogHoOe yrnpaBneHne NPoMbILLIIEHHBIMU N MPOU3BOACTBEHHBIMU
npoueccamu (poboTmnsauus);

OVUCTaHUMOHHAaA MeanunHa, B YaCcTHOCTU, XUPYPIrus;

aBTOMaTU3auns pacrnpeneneHnss SHEPrun B « YMHbIX» SNEKTPOCETSX,
obuwecTBeHHas 6€30NacHOCTb, «YMHbIE» AOMa U ropoaa,

NPUMEHEHNE MHTENMNEKTYanbHbIX TPAHCNOPTHLIX CPEACTB N BHEOQPEHUE
NHTENNEeKTyarnbHOU JOPOXHOW MHAPACTPYKTYPLI Ha B6ase V2XuT.a.

B HekoTopbIx cueHapusax URLLC BbicOkoe 3HayeHne MMeeT HM3Kas
3agepxka ans Toro, YTodbbl 06ecneunTb paboTy KPUTUYECKN BaXKHbIX
cnyx06 6e3o0nacHOCTU, a TakKe BbICOKUIM YPOBEHb MOBUNBLHOCTU B chepe
ycnyr 6e30nacHOCTM NepPeBO3OK. 8



CBepXwWwHnpPoKonosiocHas
MOOUMINbHAaA CBA3M

CCC

CETU U CUCTEMbI CBA3U

N\

THI yeayr IIpamenenne OcCHOBHBIC TPEOOBAHAA BosMoAHOCTE OpeN0CTABIEHRA | TpeOoBamid k
S P P Ha ceTax LTE Advanced NOKPBITHIO
1. LTE Advanced - BO3MOXHO IpH
Ilepenada BHIEO CO CBepXBEICOKAA CKOPOCTH HEeBBICOKOH KOHIIEHTPALIHH
CBEPXBERICOKHM Pa3pelleHHeM PaIHOCOeIHHECHHUA. a0OHEHTOB (CyMMAapHas IIPOITYCKHAA
(4K. 8K). 3D Buaeo HH3KAaA 3aJIepAKa (BHICO CIOCOOHOCTE 10 100 ['6HT/c/KM7) OrpaHnueHHOE
(B T.4. MIHPOKOBENIATENLHBIE PeanpHOrO BPEMEHH). 2. Ot 100 I'6ut/c/kM” 10 1000
YCIIVTH) 3amepixka = 200 Mc [6HT/c/KM? — TONBKO CETH
5G/IMT-2020
1. LTE Advanced - BO3MOXHO IIpH
HEeBBICOKOI KOHIIEHTPALIHH
BupTtyansHad pealsHOCTE TP
’ a0OHEHTOB (CYMMapHasd IPOITYCKHAA
(mpumeneHHE VR B CBepXBEICOKAA CKOPOCTH - S
CIOCOGHOCTE 10 100 I'6HuT/c/EM-) 1
[IPOM3BOICTBE, TEICMPHCYICTBHE U PpaIHOCOETHHEHHIA. , . OrpaHHYeHHOE
o e TpeOOBAaHHAX MO 3aIEPKKE 10 7 MC.
npoune VR-CEpBHCH). CBEPXHIH3KAA 3aepKKa
. 2. TpeGoBaHHA 10 CKOPOCTH CBEIIIE
CBepXIIHpPOKO- JlomonHeHHAA pealbHOCTh ,
OIOCHAS 4 16u1/Cc H 3aepiKKe = 2 MC — TOIIBKO
: cetH 5G/IMT-2020
MOOGHIBEHAA
CBA3b TaKTHIBHBII HHTEPHET CBepxXHH3KaT 3a7epKKa Tompko cetn 5G/IMT-2020 OrpaHHYeHHOE
(eMBB) Hrper B oGrake CBepXBEICOKAA CKOPOCTH
(VR-CEpBHCEI ¢ paTHoCOeTHHEHHS. Tomeko cetu SG/IMT-2020 OrpaHnueHHOE
KOMMYHHKAIIHAMH) Hmskas sagepikka < 7 MC
- _ . LTE Advanced - BO3MO’KHO IIPH
MoOHIbHAA «(TIOCTISTHAT MHIITY - BEICcOKasg CKOPOCTB -
. HEeBBICOKOI KOHIIEHTPALIHH
aIbTepPHATHBA ONTHYECKOH THHHH panHocoeHHEHNT OrpaHHYeHHOE
, i COy N MR a0OHEHTOB (CyMMapHas IIPOIYCKHAA
CBA3H 10 KBapTHPEI 10 150 Méut/c 2
crrocoGHOCTE 10 100 I'6uT/c/KM”)
. , OT11nensHEIE
becnipoBoHAA CBA3L B CxopocTs 10 500 KM/g. _ ,
. LTE Advanced - BO3MOKHO TPaHCIOPTHEIE
BEICOKOCKOPOCTHBIX ITO€31aX 3anep:axka < 10 nmc
apTepHH
Veayru nepeaun J1aHHBIX B CVALMADHAL DOIVCKHAS
YCIIOBHAX BBICOKOH KOHIICHTPAIIHH TNMAD porLy P Tomeko cetn SG/IMT-2020 OrpannueHHOE
AGOHCHTOR croco0HOCTh 10 100 I'6mT/c/Km

7




MaccoBasa mMeXXmMmalwlmHHas
CBA3b

CCC

CETU U CUCTEMbI CBA3U

N\

Tun yeayr IIpamenenne OcHOBHEIE TPeOOBAHUA BosMoZHOCT: HpeoCTABcHEA | TpeboRanmt k
S P P Ha ceTax LTE Advanced MOKPLITHIO
PernonansHoe
[TonkmOYEHHBIE CUSTUYHKH BOMBL, Bo3MOXKHOCTE TPEOI0ONEHAA LTE Advanced - Bo3mo:xHO — 10 100 1111;1
MEKTPOIHEPTHH H IIP. IPEIATCTBHIT TEHIC. YCTPOMCTB Ha KB. KM. ‘
POIHCP P P yerp (emepansHOE
VMHEIIT 10M PernonaneHoOe
. B03MOXKHOCTE [IPEOIOIECHHA LTE Advanced - Bo3mozxHO — 10 100 ‘
(IONKIr0OYEeHHEIE OBITOBEIE N . o HIH
N NPEATCTBHIT THIC. YCTPOICTB HA KB. KM.
yCTpoiicTBa H IIp.) ’ (peepanpHOE
OVYHKITHOHHPOBAHHE B YCIOBHAX
YHEI POB? . S R PernonaneHoOe
. . UpE3BRIYAITHBIX CHTYAITHII. LTE Advanced - Bo3Mo:kHO — 10 100
VMHBII 0(HC y . HIIH
BO3MOKHOCTE IIPE0I0TECHHA TEHIC. YCTPOICTB HAa KB. KM.
. ’ (peepanpHOE
IIPEIATCTBHIL, BEICOKAd HAIeKHOCTh
Pabota Ha KOPOTKHX H JIITHHHBEIX
IHCTaHIAX. QyHKIHOHHpoBaHHe B | 1. LTE Advanced - Bo3MOXKHO — 10
MaccoBas YCITOBHAX UPE3BbIUANHBIX CHTYALIHI. 100 TBIC. YCTPOIICTB HA KB. KM.
MeKMAITHHHEAS VMHBII 10poa padoTa B YCIOBHAX 2. ITomHoMAaCIITA0HEI « Y MHEIH
CBA3b (cHcTeMBI BHIEOHAOMIOIEHHA H | OBICTPOJBIKYIIHXCA O0BEKTOB H ropo» B KPYIHEIX TOPOICKHX ['opoackoe
(MIoT) np.) HATHYHA IPENATCTBHIL BEICOKAA ar’IoMepanHax ¢ BEICOKOH
HAISKHOCTE PATHOCOCTHHEHHS, ITOTHOCTBIO HACEIEHHA — TOTBKO
BO3MOKHOCTE IIPEOI0ICHHA cetd SG/IMT-2020
[PEMATCTBHIL
1. LTE Advanced - BO3MOXHO — 10
PaGoTa Ha KOPOTKHX H JTHHHBIX N o
100 TEIC. YCTPOICTB HA KB. KM.
JTHCTAHIHAX, ()YHKIHOHHPOBAHHE B ) .
CeHCOpHEIE CeTH S . 2. CueHapHH €O CBEPXBBICOKOH
) ___ | VCIIOBHAX Upe3BBIYANHEIX CHTVALIHIL, . - .
(IPOMEINLTEHHEIE, KOMMEPUECKHE AG0TA B VCIORISX KOHIIeHTpanuei 1arunkos [oT B OrpaHHYeHHOE
HT.I.) P YCTOBITAX OTIETBHBIX 30HAX (IIPOM3BOICTBO.
OBICTPOIBIKYIIHXCA O0BEKTOB H . )
HanHuug nperarcTeuil, Mesh cets HHQPACTPYKTYPA) — TOTBKO CCTH
’ 5G/IMT-2020
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CBepxHagexHas CBA3b

CCC

CETU U CUCTEMbI CBA3U

Tun yeayr

IIpaMeHeHHE

OCHOBHEI€ TPEOOBAHAA

Bo3M0KHOCTB MpeIocTaBIeHAS
Ha ceTax LTE Advanced

TpedoBaHHA K
NOKPBITHIO

MaccoBag
MeKMAaNIHHEAL
CBS3b

(MIoT)

VIaneHHLIH KOHTPOIIb IIEPEBO30K
(MOHHTOPHHI TPAHCIIOPTHBIX
CpencTs)

Pabota Ha KOPOTKHX H JJIHHHBIX
JHCTAHITHAX. Cb}TI-IKU;HOHHPDBElHHC B

YCITOBHAX UPE3BBIUANTHEIX CHTYALIHII,

padoTa B YCIOBHAX
OBICTPOIBHIKYITHXCA 00BEKTOB H
HATHYHA IPEIATCTBHIL

LTE Advanced - BO3MOKHO

PernonanbHOe
HIH
(henepanbHOE

CBepxHaIeKHAL
CBA3b
(URLLC)

HacTHYHAA IPOMEIIIIEHHASL
ABTOMATH3AITHA. MOHHTOPHHT H
KOHTPOIb

Hame/xHOCTE U BRICOKAA CKOPOCTh
pamHOCOSTHHECHHA. HH3KAL
3aJepiKKa. paGoTa Ha KOPOTKHX H
JUTHHHBIX THCTAHITHAX.

(G VHKIIHOHHPOBAHHE B YCIOBHAX
Ype3BEYANHEIX CHTVAIIHIT

1. ¥ aneHHEIl KOHTPOIIb
IPOH3BOACTBEHHOTO 000PYI0BAaHHA H
00BEKTOB - BO3MOAKHO LTE
Advanced
2. Smart Grid — («yMHBIE» CETH) -
VIIpaBIeHHE TIPOU3BOICTBOM.
nepenaveil H morpedIeHHeM
JMEKTPOIHEPTHA - BO3MOKHO
LTE Advanced

PerunoHanbHOE
HITH
(enepanrHOE

[TomHas npoMEBIIITICHHAL
ABTOMATH3AIHA. B TOM YHCIE
VIIPaBIeHHE KIH0YeBRIMH
SHEPTETHUCCKHMH 00BEKTAMH.
YIaIeHHO YIIpaBIieMoe
o0opyaoBaHHe

CBepXBBICOKAA HATEAKHOCTh H
BEICOKAA CKOPOCTB
paxHoCcoeIHHEHH A, CBEPXHH3Kas
3a7ep/KKa. padoTa Ha KOPOTKHX H
JUTHHHBLX THCTAHITHAX.
()VHKITHOHHPOBAHHE B YCIOBHIAX
Upe3BEUANHEIX CHTYAITHIT

Tomneko ceta SG/IMT-2020

OrpaHHYeHHOE

Kputnuecku BaxHbIE
PHIOKEHIA. JIeKTPOHHOE
31paBoOXpaHEHHe (yIalneHHaA
XHPVYPTHA IIPH IOMOITH POGOTOR

H IIp.)

CB CPXBEICOKAA HATCKHOCTE H
BEICOKAA CKOPOCTE
PaTHOCOCIHHCHHA. HH3KAaA HITH
CBCPXHH3KAA 3alIcpKKa

Tomeko ceta SG/IMT-2020

OrpanndeHHOE

11



MeToAabl NnoBbLILLEeHUSA EEE

3¢qae KTM B H OCTM CETW U CUCTEMbI CBA3U

ucnonb3osaHusa PYHC

1. YcoBepLieHCTBOBaHHbIe hOpMbI CUrHaANoB, MOAYNALUA U

KogupoBaHUue, CXeMbl MHOrOCTaHLMOHHOrO AgocTtyna:

- punerpoBaHHoe OFDM (FOFDM);

- MOOYNAUMSA C MHOXKECTBOM HECYLLMX C UCMOSib30BaHNEM BaHKa

dunetpos (FBMC);

- MHOTOCTaHUMOHHbIN OOCTYN ¢ pa3saeneHnem no wabdnony (PDMA);

- MHOTOCTaHUMOHHbIN OOCTYMN Ha OCHOBE pa3peXeHHbIX KO4oB

(SCMA);

- MHOrOCTaHUMOHHbIN OOCTYN C pa3gefieHneM Ha OCHOBE
nepemexenua (IDMA) n pacnpegeneHue rno HecyLmmM ¢ HU3KOW
nfoTHoCThIO (LDS).

2. AHTEHHbIe TeXHONOrnu:

- opmmpoBaHue TpexmepHoro nyvya FD-MIMO (3D beamforming);

- aKTUBHas aHTeHHaqa cuctema (AAS) C peLleTKon nsnydarerneu;

- YCOBEPLUEHCTBOBAHHbLIE CUCTEMbI C MHOroOKaHanbHbIM BXogom/

MHOroKkaHasbHbIM BbixogoM (massive n multi user MIMO).

12



MeToAabl NOBbILLEHUSA Cc/C/C

3qu3e KTM BHOCTM CETW U CUCTEMDbI CBA3N
ucnonb3osaHua PYC -2

3. TMOKOCTbL NpU NCNONbL30BaHUU CNEKTpa:

- arperauua HecyLunx ¢ pasnuyHeim gynnekcom (TDD w
FDD);

- OBYXKaHanbHOe noakmnyeHmne, B TOM Yncre 1 B
MYnbTUCTAaHOAPTHOWN CETH;

-onHamudyecknn TDD.

4. OGecneyeHue NPAMOU CBA3U MexXay aDOHEeHTCKUMU
TepMUHanNamu.

5. Acnonb3oBaHMe B MUKpPOCOTaxX CXxemM Moaynsauum
Oonee BbLICOKOro nopsaka 1 ucrnosib3oBaHme
9TanOHHbIX CUrHarNoB C YMEHbLUEHHBIM 0O bEMOM
cnyxebHon nHdopmaumm (OCHoBaH Ha MPUMEHEHNN
dyHkumoHana Lean Carrier).

13



OuanasoHbl PYC anga 5G -1 EEE

CETU U CUCTEMbI CBA3U

Huxe 1 INMu;:

[Monoca 694-790 MI'y, B EBpone nnaHupyeTtca ucnonb3oBatb 2x30 My
ana passeptbiBaHns ceten 5G/IMT-2020 ¢ WWMPOKUM MOKPbITUEM,
KOTOpble OOMKHbLI 0becnevynTb MaccoBoe NpeaoCcTaBneHNe CeEpPBNCOB
NHTepHeTa Bewlen n MmmHnMmanbHoro Habopa cepsucoB 5G/IMT-2020 3a
npegenamMmmn KpynHbIX ropoaosB 1 BAOSb TPAHCNOPTHLIX MarncTparnen.

1-6 NMu;

[opoackasi, npuropoaHasa n cenbckast MECTHOCTb, C LUMPUHON CreKTpa
kaHana oo 100 MIu B ananasoHax 3400-3800 Ml u, 4400-4990 Ml 0,
5,91Tu.

B KayecTBe nepcnekTMBHbLIX paccMmaTtpmBaroTca nonockl Yactot 3300-
3800 My ¢ obwen wunpuHom 500 My n 3300-4200 MIMy ¢ obuien
wnpuHom 900 Ml u.

[Monoca pagnodactot 3400-4200 MI'y B Poccunckon degepaumm angd
ncnonb3oBaHust POC nogsmkHoW cnyxbbl HE pacnpeneneHa u
NCcnonb3yeTcs Ha nepBuU4HOM ocHoBe POC domkcupoBaHHOU U
domKcnpoBaHHOM CNYTHUKOBOM CIYX0 pasnmUyHOro HasHa4YeHus:.

14



OuanasoHbl PYC ana 5G - 2 EEE

CETU U CUCTEMbI CBA3U

Hacmomabi ebiwe 6 T u:

OpraHnsaumsa cBepXBbICOKOCKOPOCTHbLIX KaHarioB CBA3M Ha HEGONbLUMX
PacCTOsIHMSAX OT Da30BOM CTaHLUMKN 3a CHET UCMOSb30BaHNS KaHasoB C
LnpuHon cnektpa go 400 Mlu, obecneyeHus cBepxmanbix 3aepXKek Ha
pagnonHTepdence NR (New Radio).

HeynoBneTBopuUTENbHbIE XapakKTEPUCTUKMA PacnpOCTPaHEHUS.

Ha gaHHbIn MOMEHT TexHnyeckum cneundmkaunsammn 3GPP onpegerneHsbl
yeTblpe NR gnanasoHa Bbille 6 ['Tu:

n257 (26,5-29,51Ty), n258 (24,25-27,51Ty), n260 (37-40 [Tu), n261
(27,5-28,35Tw).

YacTtoTbl 66-71 I'Ty paccmartpuealoT ans ncnonb3oBaHUA Ha
0e3nnueH3noHHOW OCHOBE.

Owana3oH 71,0-76,0 'y ucnonbayetca ana moounbHoro backhaul -
pacnpegenuTernbHoOn ceTun, CBsi3biBatoLLen 6a3oBble CTaHLUUN C
KOHTpOsSinepamMn 1 LEHTpPaMn KOMMyTaummn NoaBUXKHOW CBA3M. 15



Ouana3oHbl PHYC 5G B PP EEE

CETU U CUCTEMbI CBA3U

B auana3soHe 694-790 MI'y: obecneveHne adPEeKTUBHOIO
PagNoONOKPbLITUA B YCNOBUAX rOPOACKOU, MPUrOPOAHOU N CEMNbCKOW
MECTHOCTN Ha base cylwecTByoLwWmMX y3noB ans yenyr loT/M2M,;

B avana3oHe 2,3-2,4 I'Tu: c uenbto NoOBbILLEHNSI CKOPOCTU Nepenaymn
OaHHbIX 1 EeMKOCTU CceTen Ha NUHUM «ba3oBas cTaHUNUA — abOHEHTCKUI
TEepMUHarn» 3a cYeT arperMpoBaHms JaHHOro gmanasoHa nmbo ¢ nosiocamm
yacTtoT Huxe 1 'Tu, nnbo ¢ nonocamu B ananasoHe 3-5 MMu;

B anana3soHe 4,4 - 4,99 I'Tu: opraHnsayms B panoHax ¢ BbICOKOW
NSIOTHOCTLIO Tpapuka Ha Base CyLECTBYHOLMX CANTOB BbICOKOCKOPOCTHbIX
KaHanoB, NoaaepXka OCHOBHOIro Habopa ycnyr, a Takke «obnayHble»
cepBucbl U pasHoobpasHble ycnyrmn IoT/M2M/D2D;

B anana3oHe 24,25 - 29,5 I'Ty: opraHu3auuna cBepXBbICOKOCKOPOCTHbIX
KaHanoB CBSI3N Ha HEBONbLUMX PacCcTosIHUSX OT Ba30BOM CTaHUUN,
obecneyeHne nokpblTUs B hot spots, obecneveHne Bcex TUMOB yCnyr
5G/IMT-2020, ocobeHHo ycnyr Tnna URLLC.

16



m Ooctyn K PYC ana 5G EGG

CETU U CUCTEMbI CBA3U

LAA (Licensed-Assisted Access) — NpUMEHEHME TEXHOSOMMN arperaumm
HEeNMMUEH3UPYEMOro U NULUEH3NPYEMOrO CnekTpa T.e. NPUMEHEHNE
y4acTKOB HENMNLIEH3MPYEMOrO CneKTpa co cBOO6OAHLIM AOCTYNOM
nonb3oBatenen ana dopMnUpoBaHNsa BTOPUYHBIX arpernpyemMblix HECYLLNX
(SCC) B rpynnoBoM arpermnpyemMom curHarne;

LSA (Licensed Sharing Access) — npuMeHeHne TeXHONOrmm
NULEH3NPYEMOTO LLIEPUHIa CNEKTpa, COBMECTHOE MUCMONb30BaHUE
y4acTKOB JTIMLUEH3NPYEMOrO CNeKkTpa, BblAeNeHHbIX ornepartopam OgHOM UNnu
pa3HbIX pagnocnyxo;

LA (Licensed Sharing Access) — NpMMEHEHME CNeKTpa B
NULEH3NPYEMBbIX NOfoCax YacToT.

TexHOT0rud J0CTVIA K CHEKTPY
ITosoca gacToT

LAA LSA LA

694-790 MI 1 Ja Ia Ja

3.4-381Tn Ja Ia Ja

44-4991T Ia Ia Ia

591Tn HeT Ia Ia

24.25-2951Tn hu f:| HET i 2|

30-551Tn za HeT Ia

66-76 1T HeT HeT Ia
81-86 I'Tn HeT HeT 1a 17/




Ycnyrn v nonocol PYC

CCC

CETU U CUCTEMbI CBA3U

Bo3moxkHbIe Bonpockl, | OnTAMajabHEIE
Tun yeayr 5G/ BricokoypoBHEBBIE CBS3ARHLIE CO YACTOTHELE
IMT-2020 Tpe0OBAHHA -
CHEKTPOM AHANA30HEI
CBePXBBICOKOCKOPOCTHEIE | CBEpXIIHPOKHE IOTOCH
P P PXIIHP 24 I'To u BeIIIE
PATHOKAHATEI HECYITHX
BEICOKOCKOPOCTHEIE [ITHpOoKHE MOIOCH 34-381Tm.
PaIHOKAHATEI HECYIIHX 44-4991Tn
YCTOHYHBOCTE K GONBIIOMY | 3aBHCHT OT TpeGOBaHHI ,
-’ Bcee mHana3oHE!
'}rCOBepl]_leHCTBO- I[OHHJ]E])DBCKOM}" CIBHTY K EMKOCTH
: 34-381Tm.
BHHEIE}H CpepxManad BpeMeHHad [TpHI0KEHHA MAIIOTO 4.4-4.99 [T
HOABIDKHAA 3aIepKKa paTyca effcTBHA g :
NIHPOKONOTOCHAS 24 I'Tn 1 BBIIIE
CBYI2b Manad BpeMeHHas [IpunoxeHHsA CPEIHETO 3.4-381Tm.
(eMBB) 3a7epKKa pagHyca IeiCTBHA 44-4991T1
CyIecTBeHHOE BIIAHHE
CREDXBEICOKOHATCKHEIE aTMOC(PEPHBIX OCATKOB Humxe 1 IT.
BEP? a;[HoKaH;UILI Ha HaJeAKHOCTH outdoor 34-381Tm.
P PaTHOKAHAIOB MM- 44-4991Tn
THAana3oHa
Hcmonep3oBaHHE
CBeDXHATCKEAS Marmerii pagayc IeficTBHA PazHOYACTOT 24 I'To u BrImIE
BEpXHal MM-/IHAala30Ha
IIepeaua JaHHbBIX
i y . 3.4-381Tm.
¢ MaTom C'pemHuil pagayc IeHCTBHA - 44.4.99 [T
3aIePKKOI S O
(URLLC) [IpeogoneHne NPenATCTBHA
pamnocHTHATOM Ha CBOEM - Hmxe 1 I11

Iy TH
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Buptyanusauua ycnyr 5G EEE

CETU U CUCTEMbI CBA3U

TexHonornum
BUpTYyanusauum
BupTyankHaa onopHas ceTb 5GC | — peannaalnn
| TENEKOMMYHMU-
| KALMOHHbIX
i mMoaynen
Fac:e':l;nre Folic:'{qzl::ntml 5ubscT$Zr Data Nemgr:giiol Clo::“;AN i (CeTeBbI 3(
An;;?giq“;eg#} ':Hag[::HFh;&p, {HEHPILNEJEE} UDM, §§ (Hanpu :;[;.]NESF, gﬁg&ﬁd] i beH Kuni 5G
Core) c
e MOMOLLIbIO

NFVI
BUPTYallbHbIX

dU3M4eCKue cepsepa dU3MYECKHE CETEBbIE PeCypehl y
© te) Ousnueckue CX[1 (Storage) (Network) (bYH Kunuu VNF.

HepocTtaTkom BMpTYyanbHOW MHPPaCTPYKTYpbI ABMSIETCA TO, YTO 06paboTka
Tpadomka nonb3oBaresnen (NakeToB AaHHbIX NrockocTn User Plane)

BbINOSTHAETCS HA CEPBEPHOM YPOBHE, YTO TpebyeT 60MbLUNX PeCypCoB.
[TnaHnpyetca ucnosnb3osaHne SDN. 19



IipyumMmep oonavyHou
MHCbpaCprKTypbl SG CIOUd RAN CETM M CUCTEMbI CBA3M

OGrausas
i) HRQpacTpyxTypa
(K] {' NG-RAN
Bupryanrras f uom
undpactpykTypa IO NEVI |
|
/F1c F1-U |[Ter=]
P 4 | [Gie
2 Tpascnopraaz R oy
n T e LT[
r/’,
:‘/” \
PacnipeneneHEBIE MOIYIL gNB-DU gNB-DU
gNB-DU
|
| | l
Tparcnopraas cers Fronthaul
/ A =R
b N
/ N\
Pamromoxyns Pazmomonyms
gNB-RU gNB-RU
MeoroznemenHaz MsuorosnemesHaR
aHTeHHaZ CHCTeMa aHTeHHAd CHCTEMa
Massive MIMO i Massive MIMO
(01Ha HIH HECKOTEKO (0mHa HWIH HeCKOIEKO
nmaHenei) naseaeH)

4 4 & S 20
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@

( Oco6eHHOCTU 06NaYHOM C/CC

MHdapaCprKTypbl SG CIOUd RAN CETU M CUCTEMbI CBS3M

Peanusauns mogenen 6asoson ctaHuum gNB ¢ ncnonb3soBaHnem
TexHonoruu suptyanmsaumm NVF n nmeet pag npenmyLlecTB:

- peanusaumsi NporpamMmMHo-onpeaensieMblx MynsTUCTaHOAPTHBIX
6a3oBbix cTaHumMn NR/E-UTRA, rubkocts 1 MmaclutabnupyemMocTb
BUPTYaribHbIX PELUEHUN;

- pasMelleHne obopygoBaHusa Ba30BbIX CTAHUMKW B LEeHTpax obpaboTku
OaHHbIX BbICOKOW CTENEHN HAOEXHOCTN U 6e3onacHoCTy;

- eamHas obnayHasa nHdpactpyktypa Cloud RAN ynpaenset 6onbLimnm
KONIMYEeCTBOM pagmMomMoaynen n oxeatbiBaeT O0SbLUYIO TEPPUTOPUID
paguonoKpbITMA, obecnevnsaeT bonee ontTMMarbHOe UCNOoNb3oBaHUE
4aCTOTHOro pecypca, bonee adpeKTUBHYIO paboTy anropuTMoB
KOMMeHcauum nomMex u MHorotovyedHou nepegayn Intra-RAT xeHOoBepOB.

21



OUOCOOEeHHOCTH TpaHCI'IOpTHOVI EEE

L CETU U CUCTEMDI CBA3U
nH¢ppacTpykTypbl 5G Cloud RAN

TpaHcnopTHaA ceTb MoounbHoun cetn 3G/4G coCcTOUT U3 ABYX

OCHOBHbIX YacTeMu:

pacnpenenutenoHon cetn (Backhaul), cBasbiBatowen 6asoBbie CTaHL MK

C OYHKUMOHAaNbHbIMW 3NeMeHTaMn ONMOPHON CETH,

mMaructparnobHomn cetu (Backbone), obecneuymBatolen BbICOKOCKOPOCTHbIE

KaHallbl CBA3N MEXOY beHKLI,VIOHaJ'IbeIMVI ArNeMeHTamMin OI'IOpHOVI CEeTN.

Mepexon Ha apxuTekTypy C-RAN mMoxeT npuBeCcTU K BbiAENeHNIo B
cetn Backhaul AByx HOBbIX CErMeHTOB:

cetu «Fronthaul», obbeguHsaowen nynel pagunomoaynen gNB-RUn
pacnpeneneHHblie moaynu gNB-DU,

cetn «Midhaul», obbeanHaowen nynsl pacnpegeneHHbix Moaynemn
gNB-DU un ueHTtpansHble mogynu gNB-CU.

CoBokynHocTb ceTen «Fronthouly, «Midhaul» n «Backhaul»nonyumna
0600LeHHOe HanmeHoBaHue ceTu «X-haul» n MoxeT BbITb NOCTPOEHA C
NPUMEHEHNEM PA3NUYHbIX TEXHOMOMMM, BKNOYaa ONTOBOSTIOKOHHbIE

NUHUKU CBSA3KU, pagnopenemnHble NMTMHUN, CNYTHUKOBbIE NUHUK CBA3M,

Carrier Ethernet, IP/MPLS, Segment Routing u gp.. 22



CnawucuHr (slicing) 5G EEE

CETU N CUCTEMbI CBA3U
AMF, Access and Mobility Management Function - pyHKUuMS ynpaBneHnsa 4ocTyrnom m
MOOUNBHOCTBLIO;

NRF, New Radio — HoBble paguonHTepdencsi;

PCF, Policy Control Function — cyHKUMa yrnipaBneHus NonuTukamu;

UPF, User Plane Function — pyHKUMS NSIOCKOCTM Nosb30BaTens;

NSSF, Network Slice Selection Function — dyHKUus BbiIbopa CETEBbLIX CITOEB;
AUSF, Authentication Server Function - pyHKUKNS cepBepa ayTeHTUMKaunu;
UDM, Unified Data Management - ynpasneHune yHO1LMPOBAHHLIMA AaHHLIMMU.

@

Access Node
[ns npegocTaBneHna aboHEHTY yCrnyr onpeaenieHHOro cerMeHTa 3agencTByeTcsl CeTeBOWN Criom
C HeobxoauMbIM HabopoM BUPTYanbHbIX ceTeBbiX pyHKunn VNF 23



Pa3BepTbiBaHue 5G

CETU U CUCTEMbI CBA3U
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7.2 NpoTtokon MQTT
CEeHCOPHbIX ceTeun

Mo matepuanam BKP KoctsaeBa I1.C., 2021



(i
OcHoBbl npoTokona MQTT CcCC

CETU U CUCTEMbI CBA3U

NMpotokon Message Queuing Telemetry Transport (MQTT) ecTb
YHMBEpCarbHOEe CpPeacTBO Mepedadn OdaHHbIX B CeTAX paguogocTtyrna BHe
3aBNUCUMOCTU OT UCMONb3yeMON pagnoTEXHOSTOMUMN.

MCI'IOJ'Ib3yeMaFI MOAENb B3aMMOOENCTBUA «MU3aaTerNb-NOANUCHUK» MNO3BOSAET
CI'IeLI,l/ICbM‘-IHbIM CNocobOM OTHOCUTENBHO KIACCUYECKUX FOKanbHbIX CEeTEN
pacnpegenntb poJin y3sioB C MMHNMallbHbIMU NpmnBmUnernamm rno ymosrndaHuio.

Moanucumk bpokep MUspaTtensb

Mognucka Ha Temy

NyBnurayma coobuennii T

A

MNonyyeHue coobwenna

e ————
NognuceisaeTcA Ha Obecneyunsaer
" MNy6nukyet coobueHua
onpegeneHHble TEMbI E3aMMOOEHNCTENE
s Ha aonpegeneHHbIe
coobWEHWA M MeMAY M3aartenem M TeMbl
nony4vyaeT 1ux noancHMKOM

26



Mopaenb «uspaTtensb - EEE

n On NMNCUHUNK» CETW M CUCTEMbI CBA3M

Moaenb «u3gaTtenb-noanUcYMK» npeacrangeTr cobon Habop ponen
N COOTBETCTBYIOLLMX UM OENCTBUINA, COYETAHME KOTOPbLIX NO3BONSAET
pacrnpenenntb Heobxogumble coobLEeHNI TEM abOHEHTaM, KOTOpbIe
HamMepeBalTCA UX MONYYNTb, UCMNOSb3YA meMsbl - topic (ampubymei)
coo0OLLEeHnI.

U3paTenb ABNAeTCs OCHOBHbIM co3gaTterniem v nyonmkatopom
CO0bLLEHNI, NPUYEM NPU CO3OAaHUM COODLLEHNSA U3aaTenb MOXeT
NMPUCBONTL COOBLLIEHMIO ONpeaeneHHyo TeMy unu atpubyt. Nagatenb
ybexxgaetcs, 4To B CETU NMPUCYTCTBYET BpoKep U HAYMHAET OTNpaBKy
cooOLeHNN emy.

NMoanuncuunk cnocobeH npuHUmaTb U obpabaTbiBaTb COObOLLEHNUS,
noanucbIBaTbCS Ha onpeaeneHHoro uagartensa u oTNUCbLIBaTbCA OT HETO.

Bpokep BbLINOMHAET PoSib TPAH3UTHOIO y3na, a Takke y3ra obpaboTku

B CMCTEME C MOAENbI0 «n3aaTenb-noannucynk». bpokep, He

NPOM3BOANT MHULIMALINK, MOSTOMY PEXUMBI Y HEFO OTCYTCTBYIOT —
0bpaboTka NOCTYNUBLLUNX COOBLLIEHNN NMPON3BOAUTCS LUKITUYECKU, B 27

ANYIYIAMLIARNRAOCSNIOATIA 7T 1AN /OIS ISANMAIZVIARN BN TESN



O6meH coobwennsmn B [[J[+3

Moaenu «n3gartenb — CETV M CUCTEMbI CBA3M
noaAnMCHYUK»

q Mopnucymk
@e‘
2

mﬁ’

coobleHre 1

Tonuk A

coobllieHne 2

N3paTenb

[Moanucynk 28



m I IpyHUMNn oOMeHa EEE

n HCbopMaumeﬁ CETV 1 CUCTEMbI CBA3M

[MpuHUMN obmMeHa WHgopMauMen, B OCHOBE KOTOPOro JIEXWT LWabrioH
«n3gaTenb-nognmcymK» COCTOUT B CrieayHoLEM:

1. UspaTtenb cocTaBnsieT coobLweHue, MOCe Yero rnpuceamMBaeTr emy
cneuuanbHyl0 METKY, KOTOopasa B OnMucaHUM nNpOTOKOMNa WMEHYyeTcH
Tonnkom/Temon (topic) M BLICTYNaeT MOeHTUUKATOPOM, Oornpenensowmm
OOHY M3 MHOXECTBaA KaTeropmm coodLeHnn.

2. NMoanucuuk, B CBOKO oYepeab, CNOCOOeH noAanUCbIBaTbLCA M
OTNUCbLIBAaTLCA OT MONYy4YeHUS KOHKPETHbIX TOMUWKOB, a Takxe
HernocpeaCcTBEHHO NPUHUMATbL COODLLEHNS.

3. Tonuk MOXHO paccMmaTpuBaThb KakK NOTOK MH(popmMaumm BBOAa-BbiBOAA
— n3garesib NPou3BOANUT 3annucb MHOpPMaLMK, B TO BpeMd Kak nognucyuk
OTCrexuBaeT U PUKCUPYET U3MEHEHUA OaHHbIX B HeM, mepapxumdeckas
opraHm3auma HasBaHUS TOMMKa CXoXa C NyTeM pacnonoXeHusa dganna, 4to
NO3BOSIAET pas3gennTb npaBa [OOCTyna K pecypcam, Mo aHanormm c
dpannoBbIMU SUPEKTOPUSMMU.

Hn wn3gatenb, HM  NOAMUCYUK HE OrpaHM4YMBalOTCA B KOSIMYeCTBe
O4HOBPEMEHHO MCMOSb3yeMbIX TOMUKOB, paspeLleHHbIX ANns UCMOoMb30BaHUA —
nybnukauma CcooOLEHNN Ha HECKONbKO He3aBUCUMbIX TOMWUKOB, Kak U
BO3MOXHOCTb MOAMMcCaTbCA Ha HEKOTOpOe KOSIMYECTBO pPasHOOOpasHbIX
TOMNKOB MOXET ObITb peanmsoBaHa rnpu nomMoLm NnporpamMmmel.

29



YcTaHOBNeHMe ceaHca CBA3M EEE

@©nryTu

COO6LI.|,eHVIeM CONNECIT T TR ComA
|#" CupCarbon U-One 4.2 [C:\Users\Pablo'\ Desktop\mttq'Gazosan mogens sub-publbasic model] — O X
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v F [] % " Pl = ==
RS ===l =IRRE 2K ® | " Ol 2|2 #) | w0 || ") |9\ -5 E Console
 Metwork information Time: 0,0648 5
Number of SENT messages:4.0 [79.0]
b Devices & Objects Number of RECEIYVED messages:1.0 [19.0]
Humber of ACK messages:0.0 [0.0]
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YctaHoBneHue ceaHca cesisn [oJ[ed[e
COO6|-|J.9HV|eM CONNECT CETM W CUCTEMBbI CBA3M

Time: 00637 s

Number of SENT messages 6.0 [120.0] ublisher
Number of RECEIVED messages:0.0 [0.0] g7 [O]
Number of ACK messages: 0.0 [0.0] S

Number of LOST messages: 0.0 [0.0]

CONNECT#publisher

14#CONNECT#subscriber

NNECT#publisher

13#CONNECT#publisher

' By lisher
#CONNEC T#subscriber 313 (0]
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YctaHoBneHue ceaHca cessu c [[e[e

y3n oM C O N N E CT CETM W CUCTEMBbI CBA3M

1) Y3en (uspaTtenb) otnpaBnseT 3anpoc CONNECT un oxmnpaet
NOSTIy4UTb OTBET, HO 3TO OXUAaHWE OrpaHN4YeHO BPEMEHHbLIM
NHTepBarom waiting_timeout, n ecnn oXxmgaHme BbIXOAUT 3a paMKu
9TOro gmanasoHa CHMTaeTCHa Heyaa4vyHbIM, U BbIMOSTHAETCA
cnepytowas nonbitka (if($reply==NO_MESSAGE));

2) Korga oTtBeT, nony4yeHHbIU OT y3na (Opokepa) cooTBeTCTBYeT
Heobxoamnmomy — Ha 3anpoc CONNECT y3en orBevaeTt
coobweHnem CONNAK , B aTOM crniyyae, y3en (n3gaternb)
nobasndeT HaugeHHbIN y3en B CTeK AOCTYNHbIX — brokers_id n rotos
K nepexoay B pexum sending_messages (if($reply==CONNAK));

CTONT OTMETUTD, YTO Aaxe B criydae ecnun 6pokep no Tom Unm MHomu
NpuYnHEe OTBETUT OAaHHOMY Y31y (M3gaTento) HECKOSIbKO pas, To
nsgartenb 3anoMHUT 3TOro bpokepa oAuH pas, 4O MOMEHTa MnokKa C
HUM He pa3opBeTCHA coeauHeHNE (B HEKOTOPbIX Crny4vasix.

32



YctaHoeneHue ceaHca ceszu ¢ [[e[¢

y3n oM C O N N E CT CETM W CUCTEMBbI CBA3M

3) Korga HeT oTBeTa OT onpawiMBaeMoro ysna — uagarernb
otnpasngdet 3anpoc Tuna CONNECT cHoBa 1 oXugaet nonyymTb
OTBET, HO 3TO OXWAaHWe OrpaHNYeHo BPEMEHHbIM WHTEpPBarioMm
waiting_timeout, ecnu oXxwugaHue BbIXOOUT 3a pPaMKU 3TOro
avanasoHa CYMTaeTCs HeydadHbIM, U BbIMOSHAETCA crieayroLlas
nonbITKa, ecnu aTO no3BosiseT CUETHUUK NOnbITOK
tries_to_search_broker.

4) Korga npeBbILLEHO KONMIMYEeCTBO OTBEAEHHbIX MNOMNbITOK
— eCnn m3pgaTtesib CMOr HauTn XoTta Obl ogHOro Gpokepa, TO
nsgartenb nepexoanT B criegyrowmnm pexum sending_messages, a
ecnn He HangeH HM OoAuMH OpoKep, TO OH HaYMHAET «Ornpoc»
BrivbkanLmnx y3rnos eLle pas LMKIINYECKN.
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OtBeT 6pokepa CONNACK EEE

CETU U CUCTEMbI CBA3U




NMNoanucka y3noB SUBSCRIBE EEE

CETU U CUCTEMbI CBA3U

3anpoc SUBSCRIBE nponcxoguT UUKITNYECKN KO BCEM HaNOEHHbIM
OpokepomM — HaNpuUMep, ecnn NOAMNUCYNK HaMepeBaETCA NoaNMcaTbCcH
Ha 2 pasfnyHble TEMbI N B NPOLIECCe YCTAaHOBNEHUA COeaUHEHUS
yChNeLwHO coeauHuncs ¢ ABymMmst bpokepammu, To cHadana oTrnpaBuT
3anpoc SUBSCRIBE temal k bpokepy1, nanee SUBSCRIBE tema2 K
bpokepy1.

NMoanucuuk B otBeT Ha SUBSCRIBE oxupgaer SUBACK ot
OpoKepa, 1 Tak Xe, Kak 1 B Criy4ae ¢ yCTaHOBKOW COeaUHEHNS
pearnpyeT Ha npeBbllleHne BpeMeHU oXngaHua nnuv nony4vyeHus
apyroro coobuweHust B oTBeT Ha 3anpoc SUBSCRIBE, kak Ha
Heyda4YHYy0 NoNbITKY NoAnucaTbCs.

Ecnn nognucyunky yoanock nognmcarbca XoTs 6bl Ha 0gHY TEMY, TO OH
MEHSET CBOMN TeKyLWMn pexxnum Ha waiting_for_messages, nHave
HauYMHaET NonbITKY NOAMNUCKM CHavana nmbo cHoBa nepexoaunT K
YCTaHOBIIEHNIO COEQNHEHUA.
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NMNoanucka yanoB SUBSCRIBE EGG

CETU U CUCTEMbI CBA3U
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Number of ACK messages:0.0 [0.0]
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BbiBOoAObLI No pasgeny 7/

1. [Onsa paseepTbiBaHUA ceTen 5SG LLNPOKO
NPUMEHSATCA TEXHONOINMMU BUPTYyanusaumnm yHKUnm
N CETEBLIX CEPBUCOB.

2. [lpumeHeHue ceten 5G npegnonaraet
NPUHUMNMaNbLHO HOBLIM NOAX0M4 K PerynmpoBaHuio
NCMOMb30BaAHUA HEMULIEH3NPYEMOIO Y

nuueHsupyemoro PYC B ananasoHe ot 700 My oo
7 I'Tu.

3. [lpoTtokon ceHcopHbix ceten MQTT wmcnonbayercd
ona  nepegadyn  TenemMeTpunMm  He3aBUCUMMO  OT
TEXHONMOIMNN nepenaym ceTeBoro ypoBHA C MOMOLLbIO
MoAenn «n3gaTenb - NOANUCHUKY.
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