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AHHOmauyusi — KoHuenuus ogHononb3osaTensckoro MIMO
M3MeHuna npeacTaBfieHne O NPOMYCKHOW CrnocoBHOCTU cucTem
LLIMPOKOMOJIOCHOIO paaMoaoCcTyna, HAMHOTO NPEBbLICUB BENUYU-
Hy dyHAaMeHTanbHOro npegena, ycraHoBneHHoro LLleHHoHoM.
MHorononb3oBatensckoe MIMO (MU-MIMO) npu3BaHo pacLuu-
puTb Bo3MoxHoctu MIMO «Touka - Touka» (SU-MIMO), a wnc-
nonb3oBaHWe MpuHUMna Koonepauuyu Mo3BONWUT caenaTb CUc-
Temy 6onee HapéxHow, obnerynt eé BHeapeHne n Gyaet cro-
cobcTBOBaTH yny4lleHuto eé obLuert Npon3BoaAMTENBHOCTHU.

B paHHOW cTaTbe onucbiBalOTCS KOHUEMNUUW opraHu3aumu
CMCTEM LUMPOKOMOSIOCHOTO pafMoAOoCTyna Ha OCHOBE Bbllle-
YMOMSIHYTBIX MEePCMNEKTUBHLIX TEXHOMNOrWiA, a Takke MpeacTas-
neHbl pe3ynbTaTbl UCCNefoBaHUA, NPOBEAEHHBIX aBTOpamMu B
[aHHOM HarnpaBneHuu.

|. BBeoeHue

MosiBnenne TexHonorum MIMO (Multiple Input
Multiple Output) o3HameHoBano coboi Havano HOBOW
3pbl B TENEKOMMYHUKaUUSIX MO MpUYUHE psaa npenmy-
LLIeCTB Ha/ KIMNacCU4eCKMMU CUCTEMaMU CBA3W, TaKUX Kak
nyywas cnektpanbHas 3dEKTUBHOCTb (BaXKHbIN MOKa-
3aTenb B YCMOBUSX OrFPaHUYEHHOCTU CMEKTParbHOro
pecypca), ynydlweHue kadyecTtBa nepegayn (koadpduum-
€HT OLWMNBOoK, HagexXHOCTb), CKOpOCTb nepefdayn (B uge-
anbHOM crny4ae pacTéT JfIMHEWHO C KONMMYeCTBOM aH-
TEHH), YBENWYEHNE 30HbI MOKPbITUS U BO3MOXHOCTb 60-
nee TOYHO oOMNpefennUTb MECTOMONOXeHNe aboHeHTa.
OpHako cyLecTByOT onpeaenéHHble pasnnyuns B yHk-
umoHupoBaHn MIMO Tomonorn «Toyka-Touka» (04HO-
nonb3oBaTensckon cuctemol — SU-MIMO) n opraHusa-
UMM MHOrOMOosb30BaTENbCKOW TENEKOMMYHUKaLMOHHOWN
CeT! LUMPOKOMOMOCHOrO paaModocTyna Ha OCHOBE
MIMO. B nocnegHem cnyyae, oHa HOCUT Ha3BaHUe MHO-
ronone3oBartensckoro MIMO (MU-MIMO). B [1] Hamu
yXe ynomuHanock, 4to MU-MIMO wumeeT psaag npenmy-
wectB Hag SU-MIMO, Takmx Kak npsiMo nponopuuoHa-
nbHas cBA3b Mexay abOHEHTCKON EMKOCTbI0 U Konuye-
CTBOM aHTeHH Ha 6a30BOW CTaHLMK, YCTOMYMBOCTb CUC-
TEeMbl K SIBMEHNIO MEXaHTEHHOW KOppensauMn n yMeHb-
LIEHVIO paHra KaHanbHOM maTtpuubl (Hanpumep, K3-3a
NPUCYTCTBUSI COCTaBNSIOWEN pacnpoCcTpaHeHns no nu-
HAM NpPSIMOMA BUAMMOCTM GONbLUIOTO YPOBHS), @ Takke
BO3MOXHOCTb MOMyYeHMS BbIUMPbILLA OT UCMONb30BaHWSA
MIMO ©6e3 HeobXoOMMOCTU Hann4nsa MHOFOaHTEHHbIX
nonb3oBaTenbCKMX TEpMUHANoB, TakuMm obpa3om gasas
BO3MOXXHOCTb MCMONb30BaTb CPaBHUTENbLHO Heaoporve
aboHeHTCKMe YCTPOMCTBA, ynpoLias npouecc pa3Bopa-
ynBaHua cetu. B gaHHoM goknage Mbl yrnybnsem pe-
3ynbTaThl Npeabiaywux UccrnefoBaHui, obaenss
MPUHUMN KOooMepauuun, KOTOpbI MO3BONSET YnyylnTb
nokasatenu yHKUMOHUPOBAHNS MHOronosib3oBaTesb-
CKOWM CMCTEMbI LUMPOKOMOMOCHOrO pagnoaocTyna Ha oc-
HoBe MU-MIMO.

Il. OcHOoBHas 4yacTb

OpaHol 13 ocHoBHbIX Npobnem MU-MIMO saensietcs
Heo6XoAMMOCTb Hanuuns MHAOPMaLUM O COCTOSIHUK
KaHana B NpPsiMOM KaHarne cuctembl (6a3oBasi cTaHUms -
nons3oBaTenb). [puynHa 3Toro 3aknioyaeTcs B TOM, YTO
B OTNMuYMe oT obpaTHoro kaHana, korga 6asoBasi cTaH-

LMs, OCHaLEHHas HeCKONMbKUMW aHTeHHamu U AocTa-
TOYHO CINOXHbIM MPUEMHUKOM, MOXET MPOM3BECTU 3ad-
hekTMBHOE OEeKOAMPOBaHWS MPUHSITOTO CUrHamna, Monb-
30BaTenlbCckMe TepMUHarnbl NULLEHbI BO3MOXHOCTU CO-
BMECTHOro MpuémMa curHana ans ynyyleHusi oTHoLle-
HWs curHan/wymMm. CuTyaums B KOpPHE MeHsieTcsl, korga
TEpMUHarbl UMEKT BO3MOXHOCTb KOOMEpMpoBaTb U Bbl-
MOMHSTb onepauun npuémal/nepefayn curHanos ot 6a-
30BOM CTaHuMM coBmecTHO. [ycTb 6asoBas cTaHuus

ocHalyeHa 71 aHTeHHamy, a j~Tbih 3 K nonb3oBartenen

CUCTeMbl nMMmeet I/ZR aHTeHH. Takum 06pasoM, obuwee

i

KOMMYEeCTBO aHTeHH Ha NPUEMHOM KOHLie B MPAMOM Ka-
K

Hane MU-MIMO 6yger pasHo 71, = an .
1

Torga, cornacHo [2], kaHan mexay 6a3oBoi cTaHLu-
e n nonb3oBaTenem j 6yget onvceiBaTecA maTpuuen H;

pPa3mMepHOCTbIO }’ZR X I’ZT, CTPOKM KOTOPOM COCTOAT M3

anemeHnToB h” :
ij
H
H =[h .h ],
J 1j ny J

roe onepatop ()" 03HayaeT KOMMNEKCHO-COMPSHKEHHDII
U TpaHCMOHMPOBaHHLIN. [Monb3oBaTens j NpUHUMaeT
CMECb CMrHarnoBs, NpeHasHauYeHHbIX He TOMbKO Ans He-
ro, HO U NS OCTanbHbIX:

K
y, = ZH/xk +n,

k=1
rae n; npeacrasndeT 6enbi WyM, a Xk ABIdeTcA Co-
cTaBnswoLuiemn BEKTOpa nepegaBaeMblX CUrHanoB

K
x=Yx .
=t
Kaxablh nepegasaemblin curHan x; popmupyeTcs us
BekTopa d MHMOPMAaLMOHHBIX CUMBOJIOB m. O6o-
3HaymMMm BekTopom d BCce MHGOPMALIMOHHbIE CUMBOIIbI,

nepeaasaembie nonssosatensm: d=[d'd ..d ] Ta-
kUM 06pa3oM, obLuee KONMMYECTBO MHBOPMALMOHHBIX

K
NoToKOB, Nnepeaasaembix B d 6yaeT pasHo: = Zm )
J
j=1
Mepenaya nHpopmaunmn kaxxgomy n3 K nonbsoBartenen
MOXET ObITb BbINOMIHEHA C WCMNONIb30OBAHUEM Pa3HbIX
CKOPOCTEN Mnepefayu U pasHoro Konmyectsa WMHAGOP-

MaUMOHHbIX NMOTOKOB m , MapannernbHO nepegaBae-

MbIX KOHKpeTHOMY aboHeHTy. bonbwoe BnusHue Ha
napameTpbl nNepefayu okasblBaeT He Tomnbko Tpebye-
Masi CKOpOCTb Mnepefayu, HO W JOCTYMHas MOLLHOCTb
Ha nepepavy, 3HayeHWe curHan/mHTepdepeHums u
KONMMYeCcTBO aHTEHH Ha npuéme u nepegaye. bes npu-
MEHeHMs [OMNOMHUTENbHbIX METOAOB KOAMPOBaHUA Wt
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MynbTUNNEKCUpPoOBaAHUA TUNUYHBIMU ABNAKOTCA COOT-
HOLWLIEeHUA:

< z <
m<n,, m <n.
BbiGop onTMManbHOro, ¢ TOYKM 3peHust PYHKLMOHM-
poBaHNA CUCTEMbI, 3HAYEeHUA m]_ ABNAETCA omeanon

CepbE&3HOW 3aJaden 1 NOANEeXNUT cneunanbHOMY nccre-
OOBaHuIo.

[NepenaBaembli BekTOp curHanoB X opmupyeTcsa
n3 d c MCnonb3oBaHNEM TaK Ha3biBAEMOW KOAWPYHOLLEN

yHkuuu,  oBosHayaemon  fo. Takum  oBpasom,
x = f (d). Ha npuémHoii cTopoHe AnNA OLEeHKU MpuHs-

ThIX CUrHasnoB yi ncnonb3yeTtcs (PyHKUMS AeKoampoBa-

ws f o d, = f,(y,)- Cxema BblilIEONMCAHHOTO Ka-

Hana MU-MIMO npounntoctpupoBaHa Ha puc. 1.
Kanan 1

H n, [Tpuémuux 1

o
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Puc. 1. lMpsamod kaHan cucmembl MU-MIMO.
KaxObIli aboHeHm ocHawéH HeCKONbKUMU aHmeHHamMu
U ocywecmensem napasnnesnbHbil npuém OaHHbIX.

Fig. 1. MU-MIMO system broadcasting channel.
Each user is provided with multiple antennas and
receives several streams in parallel

OcHOBHOW 3apaveit siBnsieTcs BbiGop KoaupytoLen 1
Jexogupyrowen yHKUMIA, KOTopbIA Obl ONTMMM3UpoOBarn
MCMONb30BaHNE PeCypCoB KaHana, Ans 4ero Heobxoammo
Hanm4me KaHanbHOWM MHpopmaummn Ha 6a30BoON CTaHLMK.

[na obneryeHnss BbINONMHEHUSA BblLLEONMCAHHBIX 3a-
[aJ npegnaraeTcs UCnonb3oBaTb NPUHLMIM Koonepauuu,
KOTOpPbIA MO3BONUT ChopMmUpoBaTh «BUPTYasibHYO» aH-
TEHHYI0 PELLETKY MM Xe ucnonb3oBaTb Apyrue abo-
HEHTCKME TepMMHarbl B KAYECTBE PETPaHCNSITOPOB A4S
pocTtuxkeHns MIMO Bbiurpbila.

lll. AnpoGaumsa pe3ynbLTaToB UCCnegoBaHUn

PesynbTaThl JaHHOM paboTbl ObINK MCMONb30BaHbI B
npouecce npakTU4eckon paboTbl COBMECTHO C TexHu4Ye-
ckum YHuepcutetom [pesgeH, epmaHus, B pamkax
npoekTa MOCTPOEHNs MEePBOro pearibHOro npoToTMna
CUCTEMbI CBA3M ByayLlero nokoneHus Ha OCHOBE TEXHO-
norumn mHoronone3oatensckoro MIMO ¢ koonepauuen.

IV. 3aknoyeHue

Takum obpasom, nMpeacTaBneHa opraHusaumsi cuc-
TeMbl LUMPOKOMNOSIOCHOrO pagnoaocTyna Ha ocHose MU-
MIMO c¢ koonepauuen, onucaHbl BO3HMKalOLLME MpOo-
6rnembl M1 BO3MOXHble MyTW UX pelleHusi. VcnbiTaHus
ObINMM OpraHN3oBaHbl B pamMKax COBMECTHOIO MpoeKkTa C
TexHunyeckum YHusepcutetom JpesneH, Mepmanus.
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Abstract — MIMO concept has revolutionized the telecom-
munications world and brought the capacity limits far beyond
those described in classic Shannon’s work. Multiuser MIMO
(MU-MIMO) is to broaden the MIMO applications to the multi-
user environment thus enabling the broadband radio access
system to be more reliable and facilitated for its deployment.
We suggest that the cooperation principle is also used to save
all MU-MIMO gains and to make the system performance more
optimal. Thus, this article concerns broadband radio access
systems deployment based on MU-MIMO technology with co-
operation.

I. Introduction

Due to some specific gains of MIMO system that distin-
guishes it from conventional broadband radio access systems it
is highly advisable to use this promising technology also in mul-
tiuser environment which results in emergence of multiuser-
MIMO (MU-MIMO). MU-MIMO has several benefits compared
to SU-MIMO: linear dependence between the number of anten-
nas and user capacity, inter-antenna correlation and channel
rank degradation robustness etc. We argue that the use of co-
operation principle in conjunction with MU-MIMO is going to
boost the overall system performance and make its deployment
easier and faster.

I, 1. Main Part

MU-MIMO has a lot of benefits and gains but it all comes at
a cost. Maybe one of the most restrictive factors of MU-MIMO is
the necessity of having channel state information (CSI) at the
transmitter in the broadcast channel. Without CSI the transmit-
ter can not effectively perform the beam-forming operation
unless the receivers are equipped with more antennas. How-
ever, the situation changes when the cooperation principle is
used.

The received signal can be expressed as

K
y, =2 Hyx +n,
k=1

and the whole broadcast channel model is depicted in figure 1.
The main challenge is to find such coding/decoding functions
that would optimize the system performance.

IV. Conclusion

Thus, it was shown how broadband radio access system
based on cooperative MIMO can be deployed. We argue that
this technology is going to become a leading candidate for next
generation networks.
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