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Survey of several key technologies for 5G
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Abstract: The fifth-generation (5G) mobile communications system has got extensive attention and research by enter-
prises, research institutes and universities of the world at present. The development history and domestic and abroad re-
search progresses of 5G were described and summarized in detail. 5G network architecture based on virtualization were
analyzed. From wireless transmission, wireless access and network perspectives, the potential key technologies of 5G, in-
cluding massive MIMO, full-duplex, channel modeling, channel coding, etc. and their latest progress are introduced

comprehensively and thoroughly. Some advantages, disadvantages and future research directions of some key technolo-
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gies are analyzed. At last, key tasks and main directions of the future development of 5G are prospected.

Key words: 5G, network architecture, wireless transmission, wireless access, network

1 5]

20 T4l 70 SFAALICK, Balil s MRUTEFF
AR A BA A R BE P B e TR S B 9 i R 55 1
TR, Ao ] Bl 8 IR RO LRy,
RIS AEANWT IR . UEAh, RO BT IR i (1
m, AN SS AT SRR RLE BT, B
(ITC R B TGV AL AR A7 K o

S U sl E AR, S8 AR Sl fE BoR
(5G) (kA5 HRARES R SN, i HL, TR 2
P R ZE AR RE T K, 5G ARMERR LATE—HELL
HETf B — RNy FE R BB XS T A3 2 53¢ (R il R 7

i

IgtS BEA: 2016-04-29; &R HHA: 2016-07-01
BIE1EE: MiEH, yunzhengtao@163.com

%o FE IMT2020 (5G) L AAT 5G M
J MM 5G ESRITRIK, HTAg T 5G
BRSPS FOCEEAR, $RI T O
eI G OEARFHEIF TR 5G M. 2015 4F 6 /],
FEprrfE . TUD ¥ 5G 1IER A4 o IMT-2020,
I HARR B ity AL A 3045 M1 iy 1] SEAIC I %E
AR E X 5G EEN R, wE 1 s, B2
JE/R T AR5 FARRIBEARERP, 56 A
FAATH SRR (TR, TR ZR A58 8 MRS
MR, ARG . B deR. Bahtk.
GE. ERBRE . M RERACEF RS,
LA 4G AL, BEAG @RI, 5G M

EEWH: EEXARPEAREERIHUIFRASEE I (No.61421061); H4 TFBUR UL G % B 1 H
Foundation Items: The National Natural Science Foundation for Creative Research Groups of China (No.61421061), Huawei Inno-

vation Research Program

2016130-1



« 16 * iﬂ 1%_ i

k[ 37 %

FERDTT PO B 1 i

BRBS R/

@1@

=M
@

B %hﬁfﬁ]/m—la

ARKE B3

SACEY
ﬂ

3DHU A E L
i LA BUR
BSRIIHA
Tk A3

REE I,
pUL S

HBHNE

RABHLERE A

TR AT RGNS S

1 5G N s:

K2 5G KREBARIER

25 N H RO 4G R SEBR I PR, AR A
s BERHCR T, B AR TFRYEAR. K
TRV SRR A — (1 S AR i (QoE) P
B 3 ISR T IX Uk ik DL K VB 7 (A 7 ZEFIAH
B SR, B R SRR RN, 5G IRk fig
WA BT A 3 WM ELfein. Lk
A~ PIZRIX 3 NMHETER N AT T 5G —24E e
IR, R T 22 AR B AR A
FUEAERINFHE 4G LTE I, 5G MWK Cik
Sl FEIEE (48 . BRI METIS 1R T S04
Fveit BATENLA LG . MBS E (R 1) B
FR, SRR ESMRGEEHE . SIS TCLE N
Zliﬂﬂlj\]ﬁﬂk% PR T HAEM, WA
BERPIEAE 5G T E LA, 5G WA
F%‘ﬂc BAFIREN LA S AT T . 2 REAL R4S 1 S B0
JRAATRES) BTSRRI “ PG RIARSS BT,
AT AR RS R P 55 SR AT 9 5 43 O RN B 5

Fom, HOCEAETRALEm “— 1017 Mait—
S A YR, HETE 5G ISR . AL
M O E ARG 2R, g4
TR P IRE A rp RS B T3 1 AN K 2 KRt
HMIE AR 4G cloud radio ZEA4 R JERE I, KAl T Ak
T334 mesh HI458T 5G AN BERY, FEHEH TR
fa SR IEAS L Vet T I 2 R AR,

YR, HIEAERGE 1Y 5G bREC L F LRI
IR, fE 4 B, ITU 76 2016 4ETFRE 5G BRYERE
FORFWEAETWIFY, 2017 SRR 3N 5G ik 7 FAE
£, 2020 FRCTEHGRHERE . 3GPP 1A Frf% )i
FEATI I FERREL L, KR dH SG BRI R N2
(I TAE. 3GPP Rel-14 BB AL H B 5G brvfk
WAL, Rel-15 BYBOT ) 5G bruE TAEDI
H, Rel-16 KLU 5G bRt AT oet s JEH
CUR3l 5G AR IRK:, 7F IMT-2020(5G)HEHEZ
PLUT, CETER T I BOCE MR e T,

2016130-2



%78

JKFAE: 5G AT RHBOR R

17

b T B
N B R A )
B2 }Ei> (. FEH )
—— KAUSD MIMO R R i
— | gL
B DA H2IMACER A, fiiE
AT St RiBIBL, HE A AU
BN T % )
\ AT
S s }E:> s Y 2 e e
x10~1001%
VNVINES
D2D ) ST B
B
BAF FSEG
/N1 ms N5 K W 4%
BT P ) }E:> BT A B
: eI L FRA T
RABEEH 7 X % }E:> 24 FE B A
x10~1001%
=5 PP R
)3 WA A
RS
AR ERE 1
| wsxnrtmusmiens
AT A
R
AR
P AR B — s, i,
[ L = g?f%%&%@é i
REFIE T ) a
it E A )
B3 SG il SRRV SR
WRC-15 WRC-19
2014 2017 2018 |V 2019 A 2020 2021

| 2015 VI 2016
I

! I
WP5D  #18 #19 #20 #21 #22

! I ! ! |
#23 #24 #25 #26 #27 #28 #29 #30 #31 #32 #33 #34 #35 #36

>

SGhrifedt

PETD

FRUERTIIEGE
ITU Jagt R

(
L))

BARRS
A

P

VAl 5
bt

[SEWES
fiESR

Rel-13

3Gpp (4GH438)

>

2

Rel-14
(5G SI)

Rel-16

Rel-15
(5GSI/WTI) (5G Haug)

o
|

Kl 4 5G TAEHRI

2016130-3



.18 . bl

& %

k[ %37 %

2 5G MLEEEH

5G SRR 2 I BRI IO AL i
FARFIIREM LS, LGRS, K% R ek
RIZ& . INETCEE ML, (CR). TCZE R M (Wi-Fi).
TCLAL A 4% (WSND . BTN B ik =
(VLC) FIis# HiEd (s (D2D) %, JRmitgs—m)
T2 LSBT, DAB AR S A RN e
JUARTNZ gy 5e i —BOeE8 %S, —ANnTRE 5G &
ke 5 pratl,

ik, T 5G WA, — i 5N K
52 XRIZ% (SDN) MR Thig ik (NFV) 2%
FR, SERLEE T RER L R IhREM 08, LW G
D Re A BE SR ARRR, DN SR 22 288 0 4% 03 U5 1)
SIS AN L, DA 28 R Y 2% T RE 1) 4%
FEPLRIIERC; J— U7, HE— P R N I O

INTRY

iR, AALTF I AR MIn I, 10 MRt
B MU RTINS AEREANTESRE ), Sk
SR 22 MY 55 (R 32 G o

7 FRHEARLET, 5G MAAEH ] KB N
£ NI /AN 1 E o 1 TP S M S i Y TP B e
THREE R, SCUAE I D) BEAN o 2 Bt U 1) 42 ) 1
JEs BN 2RI E A%, T
S E R R 1A TG e e N W )4 i 4R v B U5 A
HI s e 5 A SR RIS B N R R A7 A
N FUINIEAETRE, ARSI A 28— et
K e R RN 1 RAEPE T

3 5G KEHRA

3.1 TE&EwWmEAR
3.1 RIS REK

7E 2010 4EJEE, DIRSE% A Thomas! “E (6
RIAE) T T 5G IR Z RS .

M IhRE, WP Z R HR, FFIE SRR
— BB
-------------- JABMIMORER:
""" Jot itk
— = - B
L
—o PR
T miEsEs

LOS: ¥k
MIMO: 4\ L th
UPE: i HE ik

NI:

P 455 B
XaaS: MZIIEBMEN IR %

..........

Wi AR

|

_______

K5 5G MZLEt

2016130-4



%78

P 5G #TRBHR A “19-

KL R GO VB2 A2 HHR IR
RERG) & —FZ A2 (MIMO, multiple input
and multiple output) {5 RS, & RS AL
REHOI 5 T 2 om MR H , W oK H
12 B i PR T8 S IR 5 PR m gt e AL A, I
KRIBER Z fij 4 MAC J2 Bevh Rdm 28 SEHLAE 5 (I
I SEAE . A5 NS s /g, KHZ R
LN FE 6 Fin. 155G KRR Z
SN, ANXON IS MG 2 Rl LY, k2%
3T AR R W 5B i) Ky S W %, 3755 A A
HARTE NIX 2 P, WAHSRIASCHERTS A0, Rl
il 5 R G8 70% M08 EK A T, Bk, KM
BOR MG TE W LLA b N B A P %
MR, TN IS = AN - R, [
AN TR AR B T A, (5 TE AR A
DXLt BT INX Bkt . BEshi R mT LU T JERROK,
(IR P R H TR . KR 2 R4
A5G RGP iR LT I — RN

1) MILTAESE R Z A Z RS, KR Z R
ZANZ ARG PRI T T o KRN
2 R BT AR BAT He i 73 20 4 A1 S2 30
27 18] R (R IR FEAZ 3 o

2) WA IE HOR BRI L1 e AR /N IR SR AR
FE—HUN RIS, PRI T RE M A R bl
WIRTEH AT DL /NX 2, NS S, )
by K PR B L [ N FH T T e J R AL i R 4
R T R B AR T TR E T I RRE E TP RE, S
SRERSIIVCIEASHLY (2 1

3) ML T R—RERG, KL RS H A RE
I AN R YRS sty I, ek, AR Ak IO
FETHIEA R A Be A IR .

PR Ay X ] SEIL O A, K 22 R AR
W2 5G I BURHE P ATHOR .

Ve — b B LE AR, R E08T % Jo 4 A5 1)

it RGEMSLIM RS, KR Z REH AR
— PR A TGRS R R AT T
. KT SEMURCHURE 2 REEEAR, f—RIIHIHk
nik it 2 e i, I ARG Gl L, /MK PSR A IE
SEHTRAUTH /N DR TR R AR (R RS 450 51 2
TEE SIS Y 8. e A E B R R LATE
EA T, AN EVNK I A B
H, B AR IEAS IR AT, BT AHAR/NX 1
FURIEMINGRFAAEIEAS, 3L AT (5 1 A
TS BRI AR A ] 2 R s 2 (A A3, 1T 4k
oAt /NX (R PRI N )7 9035 G 2 s R Ak
Kk, TDD R4iM FDD REAFAEEMR Az, |
TG TE BN, KIBER &R A KA H T TDD
REE, [N, PAGGHROEE, B MMrEdEfk
{5 T LL(SIR, signal to interference ratio)/BE Fifi
S R AR B i 3G . xR R 2 R 2ok
i, FSEL E HATESE TDD, 45 FDD K75 %
FZBIHETEA T E BB sl [\, h
T o MR AR BRI S, Rk L b izt T
RFUABE 22 R 2 T S 20 (10 45 T 0 6 T AR o 5
B [, (5T TR 18 & 2 T K
WERRTA A ). S5 —J7 10, 75w U0 8 K R At
2 RGOS RN A ), 1] a0 K
B0 A RE A R S A BT RS . AR SE R R,
FH T 150 58 BER RIS 22 R 4 75 2 R 3% b i B &2
ARITCEE LIRSS, DRI S8 ORI 2 Rk R4 1 #5
A AEARAEN

B, K2 REHFASE— R IN4E T+ R 48
PRI R L I/ 8 5 T RE AL TN 4 (1) 985 £
AT ISR AR . EILA IS i M 2, WAL 2
ANZ TR OEATEH T H 3888 K s 7k
T, JUHGE 4~128 HIRZ. 76 5G KFIBEZ R
AR5 %, Bl REGEHB MK, W R
JEHEIFES) 2 N 10X 10 5 100X 100, FHEF K. H

§§ ; AN ] g 7
.- 7 A L >2 o+
ng‘J * N &
q Z ALA* 1 l\ *gm U
| i HNK
FNX

K6 RHBEZ KRB HI 5

2016130-5



«20 - iﬂ 1%_ i

k[ %37 %

BIPAE, KM 2 R RG MBI LR s A
IR R A ] A R Rk -
312 fFEAA

A B RN JE A B R B e R, T
— RIS EOREAE LI B I P BUREAE, 1 ik
20 GRS 5 AL RRNLE], VPG T H A
e A TB L —. HEA 4G WARLLR, L4l
TEEASR T sl k. BT MIMO AR N,
FOE R IS —A 2 ANYEE Y R S — I 3
AMNYESE o IR Z BN B 2R T TR R E
HH@EBITME, WE 1R,

b 5G HRMKIE, (HiEEBAERIH T W
TR

1) FMESEMESBaE. — 7, D2D HAK
() 3% s A W HAT U sk, AR Se {51
AR U200 o ki o [ 52, AT R s 5 )
B NOEATEH . H—J71, HErifE e
SEFE T AR (drop based) Y, BN 4 4 4% i 1M
T B PR BB AR, A RO PR B AR T )
¥ G P U B MO ), X RS
SEFRIGANST o VF 222 E N R R R T B
[ A2 L Tommi 2512200 T 4ii& D2D
IE )RR B A s (R S, P T R T
FE ML LTS5 BB (GSCM, geometry-based sto-
chastic channel models), it T ¥ M.
20 BN SR VA RN 5458 GSCM. A
[ o

2) KB Z RS ETE R E. I T 4w
GIE A AR 2, KRR 2 R H AN
H5G HRBEFIARZ —, WIPAH BV 1R 45 108 e B, 2

I BT B 1 o L T 2 s FH R v g AT T
HEAT {530 g AR A P A R 23 ) T
by AN A AT R 434 (1D, independent and
identically distributed) 44> Bl KL BEFI IR
Ko A B AU R ) R el W,
R AR AR RO,

3) B AE PEE R . AR AT EE B 02k
WS R G T B SCFE R LR EE 2 2+ Lo I 2
B, RS RIE B b K A A RS U L
R AN A2 2Kl A i R LA IR 3
RFAE B A0 R B R 3 2 A A
KA 2 0 AT T @ BEmE 5%, L, Bai
SEBOR T AR KN SR, SR SRR
A5 B A7 M 2 43 A R BOR AR TRk R 0 25
AR S IR T, B0, PRl T =K E
X FATHEEER I PERE .

B SG HIRANBIEST, AHN A5 E AR AR I
HTAFEIREE, Dk, A B AR I 5 A
TAERTFRNTTRE o
3.1.3 fZHsmA

IC % w7 A % (LDPC, low density parity
check) AL (polar) i/ 5G 15 1E Y i (1) S
kRS . 78 LDPC MR ], T i iR
H1 LDPC g PEAS 52 2% 5 (1) BRI, LDPC i%— 1%
AIFBAMO TN EAK, G SRR AN
Ik, LDPC R SERR AR RS0 1 N FH &8 47,
LDPC A HECHEAN T AMTTHIRLET, FFRE AR S 1015
JeeFil s TREFE IR, BOEKED . Bah R e
ToRIBAE LT P4k (DSL, digital subscriber
line) {21 Z N . B LDPC WA 1REHIPT

=1 EBMRNRAZERE
BRRUGHRALS bR fijik
COST259"! HILET COST 259, COST 273 tidh 1 ffy IERSAE I A, T EL REIE FH T 50 22 135 S50 o s AL A o

COST CcosT273M1! COST 2100 B4R I T B 7] WX 5K (CVR, cluster visibility region) FIME&KHAR 2T & b T
COST2100!" AR B I8 0 (R B AR B ) AR A, 3 — D RS R T e
TR 25.996!'! TR 25.996 H K4 tH T HET2X A MRS (SCM, spatial channel model) , %{% AT H T rh L i
3GPP TR 36.814116 2 GHz, #5945 MHz, L8 T30 208085 . I o s DL R s XX 3 AN, [RIi nl AR
’ EAT R RZ IS . TR 36.814 8900 T 4% (relay)  TIMIE S (pico cell) LA SKEEIE T (femto cell)
TR 36.873!'7) SR, SR, TR 36.873 Z5H1 T 3D MIMO KIS IE AR, 5 IR T X 0FA00 £ F) s
[18] . . N - .
WINNER SCME SCME. WINNER VII. WINNER+3:T- SCM #E474 f#, SZFFA5E 100 MHz, #45 2~6 GHz, ¥iF

WINNER V419 PRZIL 18

ITU M.21352

T V-l IMT-Advanced [fIERE, 76454 T 3GPP. IST-WINNER 25050 HUA IR A SR KA L,

P T M.2135, HE R TS 20~100 MHz, R0V 450 MHz~5 GHz

METIS D1.221

JLT WINNER I+ &, B0 5G (S8 i BOITRAIEEAT T ok, B2y i bl . 5 st

PE. 3D, BRI S, & H 0 N 380 MHZ~86 GHz

2016130-6



%78

P 5G #TRBHR A -2

THerEfE, {22 LDPC i g P00 (0 & 24 1k — B
LDPC 48 H T-SERrifi 5 R4 1 KRG . H i,
ST LDPC i RRIFA 32 BEAE R 7 3 R AR A B 1 D
B S R PR A5 553 DL N, LDPC 76 SER il A5 R 45
(IR o SCHR[31~3314EHH T JLFF LDPC A4 A& 24
FEMPERY 7 %60 SCHR[3410F9T T 2 70 LDPC A4 i
MEERAZE I, SCER[35]WT9T T £ 76 LDPC
P PEAZR PR TE TP N, STER[36~381FL T 2
JG LDPC fi5/E MIMO f5IEH ()N H . Polar i H
Arikan $& H ) — 5605 18 B A I 52 1 07 LA 3 G
fih 7 0L PR S IR T
), 7 ZJEHS#OLie 12518 (BDMC, binary
discrete memoryless channel) " [{IH(5 ARG A ERE
{35 A A PR 1 G 77 50

LDPC 4 51E 4G 9] 72 W H i) Turbo fi3AH EE,
FLPRRG T — AR R B I AT IR EE, I
TG AT IR S, ERE RSBl R S .
e R ZE il S A, LDPC 5 AR, X
WIFIA T 5G R RS 11 Polar i3 m] DL HH ] H
() Gt fich 2% 55 1 6 2% SR S B, 4 RS B AR FE A Ry
O(nlogn), % REE|HAL RITERE, Polar iAHLL T
Turbo &KL A o

5G W) 24 B ity 20 v 1) JE AR 4 21 4G IE% 1) S
5 LU, I WA ik 1) 4G 4511 10~100 1%,
B Rk g 4G ML 10~100 f5. Kk, X4
5G ML LRI . REFE A A 2545 J7 i
KT PR BRE . TR 5G L IX L S 1 e
B, AT BEE R G 7 RAMCH IR U bt
THetERe, mHEAR SRR R, [RRKLE
IRR RS R, HRENH T 2 &g 5T
LDPC f5F1 Polar #51EK 5G I 4545 10 4 ih 11 % 3%
i, LENFHT 5G MM A PRk 1D gD
"% &, 5 LDPC f4AHEL, Polar M #T HEIA AT
OO RRE RO EE N EE AR, BB
PGP S 2, PRI STVE O T R 2 AR SO
HBRIR Gt Y T 2 e R 2) fEMai A
710, Polar i AN 412 76 LDPC 4, L4, Polar
e RS KR I BB 2 £ 0 LDPC 5. T
N3 5G P4 I, LDPC B4 A Polar A 4547 £ Bt £,
254 T LDPC FAN Polar fftighi iy 24, %
Ji %6 LDPC W 1E R4S, #4 Polar A1 A Py,
SEEGAER] LDPC-Polar 2067 AR AP HIZEAIX 2
Fleifich 75 SEAE AR RS K 85 AR

314 &R

EXTHA (FD, full duplex) H4%HR [ [H]
B4 X AR (CCFD, co-frequency co-time full
duplex), HIANRZ T —ANESEE (5G) KEES
e L RORZ o N R AR AT DU {35 2 0 1
A% 5[] — I 8] 7] — S BCOR GR M5 5, Bk
I, HeAESEH TDD 8% FDD #X REHE i — 0 i A
WA, (RIS R AT 5B 21 iy 4] A% 0 P S A i /)
A TP 24 A0 T AR & AT (1 R 2k
W, TR REph s A HIORG S TR E R B
K, MR AL, RN FESES (BFHD &xt
FRAE S5 =B E . BRIk, AT HARRIAZ
e LA G ] A7 S A AN Bk iR 2 T

MH AT B TR IR KR E, TR
G FEER B Z PRI 5. XL RSN
H TP B ZA R BT HH bR Bl
P38 A PO R DL A TR T . RE
E TP B 71k 32 SR EE 1S ek R 22 1R) 54 1
T BRI EAS S BB R R REar X
PO, R R Bl el s PR
T B AL A B, e R s B e
THAE 5 IR 5 Bl AW AT
o 525 B T BT I R AR T
AT HAUG TR )G, RS sl 2
() TR Bk B 0 TP A T & E T
BRI R B 7 Pros . HErpwt st /
FHHRBRMBE G N, ERE ST, %
TR HEHE (£1120 dBP'D, EUEBFIT P
SIS RGHEA PO R, . D RERUNTRE, FFH
FHRBRBATR, X 2/DNX . ZRE. KAl
HRT P T 20 T RS Z IR AR 53
PRGN SEER IR, BRI, fE2/NX. 2 RE.
Ko SN e F B AT 50N, s Hm B+
PO BR BT 2 — DRI

Hul, KT THARIER T BT HHR
BRSL, ICOFERZ HART A2, 5. Wit
R REMYHEZTPORBR S, DT &
SRR 5 RERER s K A T BRI
TETCL P, AFCEY fURE 8 [ I R 5 4
PR, PR R AR, B ARG
LR B XU H AR TR R 4
R PR TELR [P 1) ALY K AT AR 4k AR AR
55, REMBMAUL T M 2% BE R 2 i ) {26

2016130-7



<22 W fE

k[ %37 %

O
- e
i
i
K2
b
H
GO
o |

B HL 33

REI

K7 ZREEMT LSRR

SO I F A5 2 1 A L s 81 S I ) A5 g 4
L4k MIMO $R 455, G IRARIRE () 5A
A, 2w R G S I PE RE AP T I fE 1710

H T AE A TR ARAE A K (1) TG 2 W 5 v 1453 31
Iz BSEBr N , REF AT, I IRZ T
VETREETE R, AT EARWHIR AN A T HAR
() TP B 1A R, 3 e S T i 4 T M S 2 40 T
BRI AN LE AP, AR HRIIFE . (KK
A PRI RERIE R BT R T RS
YIELZ Mg REL DRI, BARE. (518
flivhs . ARODAE R A T A2 R
S, e W T ARG TSRNG4
PR H DA S AU T i s A X TR KRS
ZREHARNA LG REIERE T
32 FTEBEAFEAK
3201 ZHEA

ZHFAEIATE B8 (S RGOSR, 1R
KERRE Bokut, ZHEHE AR — ARSI E AR
o B, 5G R T SCRMESEN OFDMA HiK
bk, 8% % H SCMA. NOMA. PDMA. MUSA %
R 2 EHRPY B L kR AR i 2 T
S hntEi, AT CAERTEH PR, abn] LA AL
PR RGOSR, Wi RSN, EnT L
R 5 ARG I 4E R,

AEEAZZ U (NOMA) JE5E T o34 5
PR RS 2 0t 7 28, DA e iooms 16 52 2% 5 AR
R o (R R P, Aok B & ST RE b e K
MEEEER T, Pz R HA AT . NOMA A 2 ff

KEEHAR: 1) e Hallo, FIESETHEHBREL
RUAT 2 F P R0y 2) 8 &% 030 AT Th R Bk 2
H1s ARSI AT D 3, NOMA B
I — LR ARSI ) . — 7 T EE IE A AR L
MR, SIC FUWHLI B E 75200 7 5 5 b 3
FRARIHET, S—T7H, YZREE B AR
W B, JREiE AR 2 TAEEA.

i 558 4 % 22 1l 19 N (SCMA) B A it — il 724 ik
TS M 207 %, %77 5% QAM P HIFI%E
LA RS, BTN DORR R B B — N A
R R R AN FLIE HH 1) 22 4E SCMA 157, R I P LARR
(7 RALE R B B e £ B 4R AR IEARY
SH, 48— SCMA 8, BT 4E KT
P gt e = 20, BT RA v AR Ak 300%
(it #% (overloaded) . HET, *T SCMA 1)
WP BT S A BE ) AR R 28 B e ST
GO RGBTV SCMA 5 HAb T
FAR G5 A BIRT54,

BIRE 23 1 2 31k N BOR BRI AR I8 4 2 BiE 4 N
(PDMA) 2 3T R a i FFZMRT g B A5 1AL vt 14D 1Y
FEIEAZ LU AR, Reiksi, AEA 7] (R I A7 4k
PEA, B2 PSS AT IR, S gkl
S b BRI M S A AR, SR 2 T PRI 42
UL RE BT I 2 e, T2 2R
AR E AR mPERe ) AT T AR H L Sk
TR, AEEE R EAATE R . AR H A
MBI EE R, 15 FATRSiH, PDMA o LIERTH RS
FHE) 2~3 i, M FATEAR RG0S 83 0] L

2016130-8



%78

P 5G #TRBHR A "23-

A 15457, PDMA [ ScBL B AR vk 1) J LK HE S,
BU 0 QAT ¥ v 2328 i (1) PR RE 4 R B 2 ) M X 43 A
[F R, g S f 22 sell, i PDMA Al
MIMO vl B o 15 20 R sl g A PRI

ZH P ILEEAN (MUSA) &Pt 148 Hosk
Z eI FATAEIERR ZHHEAHAR, &EA R IHER
ZH P NTT %, AR T SRR IR
5G gRERE OrpEE U B R A
T SIC #HL . BAMAH S E S H0 2 Johd
FEH LTSI S ATY R, §REMA S e LA
A I (1 B A8 9050 R A3 o BSOS P 8 P Ak LR A
g SIC ko & & H PG B I RF S & B
W MUSA HIPERERHFERNLE 2%, =& MUSA 1)
FEET Sy . MUSA /& 5G "PAEM ZhEHEAR, SR
ESEIA R Pkt tedn, ARSI
Wit 7720, BREIERE IARUE LA S R G2 R W il
FH P B (1 19 0 i AR 55

N IR 4 Rh 2 HEROR R 5 T,
%2 R,

bR T R ZHERR Z Ah, EEXE 5G A, BT
HEHEH LR B Z N (BMAD, #fFw X%
AP (SoDeMA)SE . M2, 5G HRIIZ HEH AR
ICEFIAIHT, A KAE S5 1 o N H
ARIK B —AH 1) 5 B
322 #4& TDD

5G4 IR CBERRAE B 25 B 2 e /NN 3
ONRAEAR/NT LKD) FIAS ] (R MG ARG IR 228 21T JK
BORTR . LT TDD (25 BN T4t
NN AT S NEIR IR B0 13, RIS/ BLREA
Tl AT SR . IR E R ISR N AT E

(K] TDD W A% F5x K574 TDD. £E5)4& TDD E AT
B DLT A FE /N X85 0 2 05 5E NIk 45 75
R, /N EE EREth AT — e T, 3h& TDD
FOR— M/ NE S5 IR D20 s/ A R, i
TE K7 o () sl /N b —fRAMET R 24 TDD
ARV, g g/ NN L AT RN Rl 5G
TG RARMIEANE . —N8ha& TDD [FHE
ARG BT TiAcH TR BRI R g ReT .
5G 34 TDD (1) 3 2Pk AL H5 A A TTL. AR
UL/DL V)l MIMO 14565, O T N IX L4k
i, HATHH ST ZH W 4 B DNX %
THEME (CCIM). elCIC/FelCIC. Iy, #|
H MIMO #: AR,

CCIM & AR 48 /IS DX TR] P S A B C Ll &
Fe, THACT) KX FERI TR ST
PLEL & — B AN o BN R AN X
B A i AT AT 1 T B84 3 o R v B 2
AT B A N AT RERG, DA AE [R]— R
Sl —Ruh 2z WS H P —H P 2 m
AT BN BT [ — iR 2 /N [ A 2
AR o & T AR AN DX A% B g 1) E — AN 1o
HR DAAN TR, iR E f ik F A H G TDD e
KIRMIE T4 HIE N ) TDD bR AT 85 i T3
Ficl B BT Al SR B 2 - CCIM AR 3t E A 4% 2 AN ThBE,
BV T /IS DR A FIAEAS 7N DX 1R B A A i o SR
(7718 T & #HL Y /N DA%, S8l (1) P 5 2 A0 22
(1), T w1 H R PEAN R BT S — A SR
TR o Ak, 55 385l A S A5 5 i
FRAR D2 S HF o 22T /N % N P T 4% £
(o i 2 1

&2 4 T E UK RYHF S ELR

ZHLHAR

KEEBA s

1) FEH] B RN

ARSI 1) SIC K DR 1) Bl e
2) ATHER (FATE SORETHE 20% o
i 2% Z¥
(NOMA) 2) ThEEH 3y 7 ShE F BR T 30% 2) RGBT
1) BT 3 DL
SR P AL ]ﬁ_~‘\~ Fr ket <o L <L i s
s ) IS 2) LATHEARGFRILOPDMARI ) ot Fusioon Lo
(SOMA) 2) rdEHIBEA Tt 2.8 1% 2) FP T
3) J@id MPA MHAT AR AG 3) T OFDMA, FATHE/NX Y
FLEHRTE 5%, RIS 8%
FAZHEEN 1) GESACEN SIC AR 1) PR BT 15 fi 1) FEE B R0 A O STt
(PDMA) 2) {64 AR AR SIC Kl 2) FATHEES R AT 223 £ 2) FL P-4
P 2 Sgg;“% » 1) BRI 1) LA B B L e
(MUSA) 2) SCHERHBENG AT e 2) FI P-4

3) TGRS AT IME S REOR

2016130-9



<24 LERCEE

k[ %37 %

elCIC ZMKFE LT H 7 (ABS) #hifZ /I
XAVNNX IR SR, eICIC 5 IR
filt /N E B 54555 (CRS) LTl AT
ARG M AfE 751, CSR ANRE R 25 T iil. FelCIC %5
BT CRS T4, FHAET B> DI M LT 11
(RP-ABS) H4hn T RGA &= (H5E/DXAIFH
W (ICIC) FEsRA/NX (8 T4 (eICIC) fE
IS A S A 45k b % 9050 L 1 A2 A P JEL 5 A e A 4
INXTE T IXLEEET ICIC (17 RAET- A6
AV 2t BRI AN ZE IR 9 o FelCIC (1) 3= 24k
i A 7 /N DX RIS /N DX 2 T PR 288 RS R i 18 LA
WA/ D TR . eICIC Al FelCIC B 44 FH ke fift
PP R AT R AR I . fEATTH T, T
THEAE OO 5L TR 288 FHAE /N NX
(i) () A

Esh#& TDD R4, HATHR RSB
B b T o s EATREREOTERE, MNP T —
YR PRI T o FEARTRN AN R Pk s PR 99 1E ik
eNB-eNB T (1) M AT Wil f& 4w D 2 . 38 n =z 2|
eNB-eNB 41 AT Fiiff oz . H A4
il 7 1k S B R AR T 2R 1K) AR A T DA R A 1)
FEMEIX 2 ANTT 1T Lehn—Leii A N B A I ) 7 %
SR, RS TUs i, Wtz g2
I AN, BRARIE S () T R A gk s N X 1)
Bayufle fERL borikh, W A Z G SR A
I o

AR ) 3 45 RS 22 R 4 S BT ok
LI SCERAN 2, AH— S8 7 ARV IR (15 % 18,
et T4 55 1 7 kS T S A MIMO
RGN0 H R E R, A E M EGE TR
GEAR T TPUR T VA% O JEAE 2 K AN [ e Y
T H R A B — N LR IE S 2, A Hbs
55 e R IXAS 7 () (1) F B g e e . B gt —
AN TP FF A [, T BN Yk
TEAARURTT 5 RE 8% A0 B LA A R4 5 13
WY 7] 7
3.3 MEHEAR
3.3.1 C-RAN

4G I R I 2 A i os gk X ) To 2k
AW, JERM T — S5 EOR, 3R ol
JEANWTIEK 0 F P AU 2 55K, B N I Rl
S RSSO . XA AEIEE B AE R AR
Bahid s Mag i e —M B E R M RE AR b

PILEAHIE . A G IR S R AN R . A4
R AT, AL IE T 2 1 o2k N W 42 44
(C-RAND [ B 2 fi e b3k i) 7470

il 8 iz, C-RAN ZEA: 3= BA0HE 3 A 2H s
G s FHZE S G 2R ST G (RRH) RN R 2 20 1l 1 4 AT
TS5 Hh e DA IR PR e A i ) 4% % izt
Ui JCER A TC s F e 1 R AL B 2R AN S R AR
H A IR EEHE (BBU pool). 4341 2]
T8 iy JC e B AR R T — N A R B S NG
LRIL . i TR E IR [ A i D 28 5 B T 1)
BEAT AL TR v AR e 2 IR B R .
th pH P AR AL BRAS A R, L SN A B AR B A
i, AR R I AR R RE ok A AL
SR AL BT 5 I AL B RE R SR EPOS,

o I W 4

/K8 C-RAN %24y

L) BBU it ] LMY BBU xR, M
W IS T AR, C-RAN (B S R

1) C-RAN &V AR iR . 1l — Rk %
G Ao A E R EN BN 10 52, HTE
C-RAN [ HE R 22 AN HE 3k 1) ik 5 A 2t A B v
BBU AT, SRR AT $e o Il i Sy b 21
BE T I TR /N T Bt B g 1 i RS2, 4 g 3
SA RIIRE, AR, FHLGAE S RAN 2240,
C-RAN %44~ BBU [%i ] LAk 21,

2) REREAMATL . KH C-RAN i HL J) A
Wb, WE C-RAN (1) BBU i Ml HUAL G LN
WD T o AEARIR IR (R R)), P —4% BBU
A CACRE, ASEM AR 4% 5 . A, RRH &
BEEEMEAT e I BERE |, RERE 1SR4 HIY,
AT Pk 2> H 9

3) Hhngrnt s,y iR, BBU B vHAE

2016130-10



%78

P 5G #TRBHR A 125

FEA AT, WEg T DL B R B A T Ab P, [
IS RT DA R R DX P R G 2 B s R A T I U P A
PLEhi, ANITTEE m iR F 2RI 48 25 5. SCHR[8S]
P T R AT RE B ORI LA T R T
C-RAN KW UAL G REE #5807 IR R 2 o I AE
Jrth, T YRS BBU Pt A7 A & ik
ZIRHAT I, XA T LA D D[R]

4) AR TIMYES . C-RAN /LR RIN
AREER BBU b F WAL, PRl 16 Ak
TR T, i LA A A e o R 2 5
Nt 7 2500 ) LAY BBU AT, X
WLt 5 4% 8 JoBe e NWIAH S o PR TR 3 oo 75 22200
FEJLAME IS, C-RAN 524 BBU b i fig
AT AR 7 AR T I

HH, C-RAN 7Tk A 41N 3 A J7 1 .

1) TR 4 s 5165 . BT C-RAN
P BRI i 404 X RRH AEE 20 BBU 4RIy, BRI,
WHAT SEIARRRAS s B AR IR 1R e A D0 4% 1
4y C-RAN ff— k&

2) B JC LR B oy e AP A L £ Ab B
C-RAN RZ[M—/> T2 H bre v 8E m R s
B, I m /NG P s . C-RAN FRH
R 2 /N XIS B U RO A B X 2 fiAk i
Bk, A5 LA e R g sox ™,

3) SN TR HOAR A5 AR
(1) RE P 25 DRy a4 9 288 R By A B R Bk e,
AR KB M B =ik E . By, 2
DT IS4 N REAUAL J7 T 1R 25 TF S A B 1) 6 3R
b, BEEYEZ PGS B, AT A (MAC)
J2 VR S RN % U 43 T LA R 9 245 2 1Y) B AL 2R e 28 %
WE RS . I, it HIE T RGN R AL
KA — AT AT 1,

3.3.2 D2D

A RHF BRI IEUR i, 5 e 2 i B 2% TR il
KR Z, WFEETFH. FReFLR. BTl
AR A, IF HX SR e B IR R i e 2l 5
ReJ), Wk Wi-Fiv W6 77 0653 0 44 00 5 BoR S
Ui A% 1) (R ELEERAE T AN, ARG 2 il
sl H i RS G R I 2 i A B
S DA KA PN B = 2% 1) Y, T s
P AIEIE (D2D, device-to-device communication)
BAWAMERIE R ). 18T R G M 4 1 fe
B ARt B3 (R AR I 2 R e A s 112001,

BRI, D2D 2 AR N AR (5G) Frif et
Kz —,

D2D 15, i 2 AN A ST
FOfh v 2% BLEATIEAS BT R . i IR T
5 DL B AR R M R I T sk Aa s, A2
SIFUETHIE T R Z n % 1& 1) D2D A5 N H %
5, HLWrks D2D JEAE NV ARSI, RkEE
MW ELEE . EiE. N (V2V. V21, V2P, 4
R V2XO AR AR B RS AE, @i D2D Jdfs
FRAT AP S AHRE B SRR V2X I8
EPA, EE R T 28k D2D 417 ad hoc %%,
WA P2 SRR B IR, 8t T8RRI 4 ST
HEHE, RUELS 2 B (W E R R sah, i
W55 D2D Srfges, i 9 pos, fERgkk
FH T, D2D JE A5 5 IR /N X 10 e gk %
B, FRUE D2D W5 4/ X I P AR T R (1 9
W, iz (B U TEAS, XA e AL
JE T, 4R R

Ko e s D2D SH 4%

AT BRGNS D2D HAEHEOR, AT
T R D2D AR WHE I BORAE AL H G, D2D
KILBOR,  # EZ RN AEE D2D Zim ],
T D2D WA 0. T B 46 Hh 1 D2D
AR BRI SIS AR A RAINTH, PrEhis
BRI TSR IR o BRI By S A OC LR,
I R A RV BRC R BEIR BL K A= ) D2D
JURE S AR AE T, B D2D Sl AR R /M X
WM T B, WAFBE It AR5
FIERIBITE 2 —, PO ERIEE TR
RGRIPRERR, IF Hagmgss A D2D
Z I F AR . e T 24 % D2D JI
IR T ARG AR TE TR A B AR AR,

2016130-11



* 26 W fE

k[ %37 %

5 F P B AR D e P2

HiF D2D JEEHARBATRTT M TERE. it
RPN, CESE TR 2
R, FFHA LS ) BURTT T ST, A
TRERCR, (2, KT D2D MfERORIIEIGT, &
AFAE LU PR AR D, P (i
i, KBRS AT 25 B8 kg g 101,
MAESERsH, A TR EIRES, IR a5
AN A LUK M s A AE BRI B AT T3
BELTIR, ATHE R T D2D I HE [ 2
S AT s MTHERS, B 5 SRR I 5
MTEER RS DLBhASHPUE D2D B A e R
o] Fh b S5 00 15 5 8 %, AL, W T EM T
D2D JEAEHAR M M 2 ik F it — Lt M
TR 0 % 3 S v 2 5 | B FRD T D5 I Tl AR T4
), DALk, T AR A B A AN TP T S Al
HAFERAWTTT

4 KRREZE

Hp, A& EEX AR 5G BahilfE M2
FER B AAT T bRdEAl BL R ™ S R e 7 Tk A T
TREMBN, 5G MRETFESG —MHELL R
T ARG . FR, 755G G &%,
KRNI 2 R A T 55 AW S F B, A
I RESE A RS A R R, i Btk 7
P A R P S SRR 22 S THINE YN A
X ARAT AL 2w R R e, M4 N B AT e
A1) B AR B R ERE 11, C-RAN. D2D 4541
WEFCIE A X —H 1, I HL s RS ok B
HAK 5G ML AT DR —. [, SR
WY SG K ERIEET ), M Z 1 D REAN
FrCARBUS R AR A AT, SEIL TR sl (5 1)
CIESRE 948

AR 10 4, BBl R R AR B R ) AR
th, HET, 4G NINEBERAA, @ FRER K —
BN TR MENT 2020 F2 5k
FH— RSB G AR, 5G fEEm K se . itk
DU EE ST A SRR S A 1 o

M. 2016 4, 5G HAKR AT, 3GPP
CLEAE 2016 SETFUR T 5G brUERITIE, J58: 5G +%
RIT AL brUEAd TAESE o % St I e

5G & NRE T g, AN IR A4
BN LS . 5G I SCRFIEE 3G 4G M 4% FTish A2 1)

Yoo, Bl i RN, SEIX— P4 2R
RIGABOR RGBT . BAh, 5G MRS T7 fr
FEE P ARR, CREARSE AR AR SR e
8, SEOUH P AEARAT IR 8] A M s AR BERS 5 A
REEHIEN . [N, 5G BORMARRA AL T Edls
FHIE L L2580, AR T ERARBE T IIAE
i, B DI AR AR AL T SRR IR, fERS 1.
HIRFIAZ ..

5 ZRiE

AR AIRREE T 5G (R e = A
SMITIERERE, AT T AT RIMLI 5G i R4 2L
Ho MICEfblin. TERIEA . MK 3 MK, IR
NG T 5G WAE R RBEEA S el ik,
T T B SR BE BRI LB R S AR R RTIFSLT []o
e, BT 5G ARARBJEM H R AR 55 K 251 .
AR 5G MECR AT BRE. R il
Bl A5 (MR Siti sk, 5G Tt 2020 4Rk =
LB S RS MLIA) NRATH 4G #3)
MWAE, 5G FEBTEAIHIR . Akt LR AE A
HREETTIAHA LA, T HAER AR i
E . TOLR 4 1K) 7 s BE A5 I 2 19 B KR 1K
P, Ak, HAET, 5G IIRFFTAL TR e
B S BRI IE R, i ARK FSEH]  wE K
FUBNE L B RERE S5 B IEAT AR EAL M AR DR A
S, A KR LA A 8

S5 3 :

[1] IMT-2020. 5G Concept[EB/OL]. http://www.imt-2020.org.cn/zh/
documents/listByQuery?currentPage=1&content.

[2] ITU-R M 2083-0. IMT vision, framework and overall objectives of the
future development of IMT for 2020 and beyond[S]. ITU-R, Docu-
ment 5/199-E, 2015.

[3] AGYAPONG P, INAMURA M, STAEHLE D, et al. Design consid-
erations for a 5G network architecture[J]. Communications Magazine,
1EEE, 2014, 52(11): 65-75.

[4] TULLBERG H, POPOVSKI P, GOZALVEZ-SERRANO D, et al.
METIS system concept: the shape of 5G to come[J]. IEEE Communi-
cations Magazine, 2015.

[5] Nokia. 5G masterplan [EB/OL]. http://networks.nokia.com/innova-
tion/5g.

[6] Ericsson 5G systems-enabling industry and society transformation|EB/OL].
http://www.ericsson.com/res/docs/whitepapers/what-is-a-5g-system.pdf.

(7] #h. H4 4.5G HERPIIGTI 4R K%L 6 DTikifEs) TDD+4
J# & J# [EB/OL]. http://www.huawei.com/cn/news/2016/2/rong-huo-
2xiang-GTI-2015niandu-da-jiang, 2016.

HUAWEI. Huawei 4.5G won two GTI award of the year: outstanding

2016130-12



%78

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]
(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

P 5GBS -27-
contributions to promote TDD+ development at full speed[EB/OL]. Journal & Magazines, 2014, 32(6):1207-1218.

P g
http://www.huawei.com/cn/news/2016/2/rong-huo-2xiang-GTI-2015ni [27] GAO X, TUFVESSON F, EDFORS O. Massive MIMO chan-
andu-da-jiang, 2016. nels-measurements and models[C]//IEEE Asilomar Conference on
FRXT IR, PreSG B AIF2)E 5G 8 [J].00 45 7 WPk, 2014(34). Signals, Systems and Computers. c2013: 280-284.

ZTE. Pre5G, draw 5G blueprint by technical innovation [J]. Commu- [28] RAPPAPORT T S, SUN S, MAYZUS R, et al. Millimeter wave mobile
nications Weekly, 2014(34). communications for 5G cellular: it will work![J]. IEEE Journals &
GUPTA A, JHA R K. A survey of 5G network: architecture and Magazines, 2013,1(1):335-349.

emerging technologies[J]. TEEE Access,2015, 3:1206-1232. [29] LI Q, SHIRANI-MEHR H, BALERCIA T, et al. Millimeter wave
MARZETTA T L. Non-cooperative cellular wireless with unlimited channel model and system design considerations[C]/IEEE Interna-
numbers of base station antennas[J]. IEEE Transactions on Wireless tional Conference on Communication Workshop(ICCW). ¢2015:
Communications, 2010, 9(11): 3590-3600. 1214-1219.

ZENG Y, ZHANG R, CHEN Z N. Electromagnetic lens-focusing [30] BAITY, DESAI V, ROBERT W, et al. Millimeter wave cellular chan-
antenna enabled massive MIMO: performance improvement and cost nel models for system evaluation[C]//IEEE International Conference
reduction[C]/IEEE/CIC International Conference on Communication on Computing, Networking and Communications(ICNC). ¢2014:
in China, c2014: 454-459. 178-182.

MOISCH A F, ASPLUND H, HEDDERGOTT R, et al. The COST259 [31] FOSSORIER, MARC P C, MIODRAG M, et al. Reduced complexity
directional channel model-part I: overview and methodology[J]. IEEE iterative decoding of low-density parity check codes based on belief
Transactions On Wireless Communications,2007,5(12):3421-3433. propagation[J]. IEEE Transactions on Communications, 1999,47(5):
CZINK N, OESTGES C. The COST273 MIMO channel model: there 673-680.

kinds of clusters[C]//IEEE 10th International Symposium on Spread [32] YAZDANI, MOHAMMAD R, SAIED H, et al. Improving belief
Spectrum Techniques and Applications. c2008:282-286. propagation on graphs with cycles[J]. Communications Letters,
LIU L, OESTGES C, POUTANEN J, et al. The COST2100 MIMO IEEE,2004,8(1):57-59.

channel model[J]. TEEE Journals & Magazines,2012,19(6):92-99. [33] SONG H X, CRUZ J. R. Reduced-complexity decoding of Q-ary
3GPP. Spatial channel model for multiple input multiple output LDPC codes for magnetic recording[J]. IEEE Transactions on Mag-
(MIMO) simulations[S]. 3GPP TR 25.996 version 12.0.0 Release 12, netics, 2003. 39(2): 1081-1087.

2014. [34] PENG R, CHEN R R. Application of non-binary LDPC codes for
3GPP. Further advancements for E-UTRA physical layer aspects[S]. communication over fading channels using higher order modula-
3GPP TR 36.814 Release 9. 2010. tions[C]//IEEE Global Telecommunications Conference (GLOBE-
3GPP. Study on 3D channel model for LTE[S]. 3GPP TR 36.873, 2015. COM’06). €2006.

BAUM D S, HANSEN J, SALO J. An interim channel model for [35] BOUTROS J, GHAITH A, WU Y Y. Non-binary adaptive LDPC
beyond-3G systems: extending the 3GPP spatial channel model codes for frequency selective channels: code construction and iterative
(SCM)[C)/IEEE 61st Vehicular Technology Conference, c2005: decoding[C]//IEEE Information Theory Workshop. c2006:184-188.
3132-3136. [36] BYERS G J, TAKAWIRA F. Non-binary and concatenated LDPC
KYOSTI P, MEINILA J. HENTILA L. et al. WINNER II Channel codes for multiple-antenna transmission[C]//7th AFRICON Confer-
Models part IT Radio Channel Measurement and Analysis Results[S]. ence in Affica. c2004: 83-88.

2007. [37] GUO F, HANZO L. Low complexity non-binary LDPC and modula-
ITU-R. Guidelines for evaluation of radio interface technologies for tion schemes communicating over MIMO channels[C}//IEEE Vehicu-
IMT-Advanced[S]. ITU-RM 2135, 2008. lar Technology Conference (VTC’04). c2004:1294-1298.

NURMEL A V, KARTTUNEN A, ROIVAINEN A, et al. Initial chan- [38] PENG R, CHEN R R. Design of non-binary LDPC codes over GF(q)
nel models based on measurements[S]. Deliverable D1, METIS. 2015. for multiple-antenna  transmission[C]/IEEE Military Comm Conf
TOMMI J, PEKKA K. Device-to-device extension to geometry-based (MILCOM’06). €2006:1-7.

stochastic channel models[C/IEEE European Conference on Anten- [39] ARIKAN, E. Channel polarization: a method for constructing capac-
nas and Propagation(EuCAP). c2015:1-4. ity-achieving codes for symmetric binary-input memoryless chan-
LI Y, WANG Q, ZHONG Z D, et al. Three-dimensional modeling, nels[J]. IEEE Transactions on Information Theory, 2009, 55(7):
simulation and evaluation of Device-to-Device channels[C]//IEEE In- 3051-3073.

ternational Symposium on Antennas and Propagation & USNC/URSI [40] ARIKAN E. On the origin of polar coding[C]/arXiv preprint
National Radio Science Meeting. ¢2015:1808-1809. arXiv:1511.04838 (2015).

ZHOU Z, GAO X, FANG J, et al. Spherical wave channel and analysis [41] ESLAMI, ALI, HOSSEIN P N. A practical approach to polar
for large linear array in LOS conditions[C]/IEEE Globecom Work- codes[C]//2011 IEEE International Symposium on Information Theory
shop. ¢2015:1-6. Proceedings (ISIT), IEEE, c2011.

GAO X, TUFVESSON F, EDFORS O, et al. Measured propagation [42] SABHARWAL A, SCHNITER P, GUO D, et al. In-band full-duplex
characteristics for very-large MIMO at 2.6 GHz[C]//IEEE Conference wireless: challenges and opportunities[J]. IEEE Journal on Selected
Record of the Forty Sixth Asilomar Conference on Signals, Systems Areas in Communications, 2014, 32(9): 1637-1652.

and Computers(ASILOMAR). ¢2012:295-299. [43] BHARADIA D, MCMILIN E, KATTI S. Full duplex radios[J]. ACM

WU S, WANG C X, AGGOUNE E H M, et al. A non-stationary 3-D
wideband twin-cluster model for 5g massive MIMO channels[J]. IEEE

2016130-13

SIGCOMM Computer Communication Review, ACM, 2013, 43(4):
375-386.



e )8«

A

B

o537 4

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(511

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

EVERETT E, SABHARWAL A. Spatial self-interference isolation for
in-band full-duplex wireless: a degrees-of-freedom analysis[J]. arXiv
preprint arXiv:1506.03394, 2015.

EVERETT E, SAHAI A, SABHARWAL A. Passive self-interference
suppression for full-duplex infrastructure nodes[J]. IEEE Transactions
on Wireless Communications, 2014, 13(2): 680-694.

JOHNSTON S E, FIORE P D. Full-duplex communication via adap-
tive nulling[C]// 2013 Asilomar Conference on Signals, Systems and
Computers. IEEE, c2013: 1628-1631.

FOROOZANFARD E, FRANEK O, TATOMIRESCU A, et al
Full-duplex MIMO system based on antenna cancellation technique[J].
Electronics Letters, 2014, 50(16): 1116-1117.

LAUGHLIN L, BEACH M A, MORRIS K A, et al. Optimum single
antenna full duplex using hybrid junctions[J]. IEEE Journal on Se-
lected Areas in Communications, 2014, 32(9): 1653-1661.

ASKAR R, KAISER T, SCHUBERT B, et al. Active self-interference
cancellation mechanism for full-duplex wireless transceivers[C]// 2014
9th International Conference on Cognitive Radio Oriented Wireless
Networks and Communications (CROWNCOM). IEEE, c2014:
539-544.

CHUNG M K, SIM M §, KIM J, et al. Prototyping real-time full
duplex radios[J]. Communications Magazine, IEEE, 2015, 53(9): 56-63.
WANG J, ZHAO H, TANG Y. A RF adaptive least mean square algo-
rithm for self-interference cancellation in co-frequency co-time full
duplex systems[C]//2014 IEEE International Conference on Communi-
cations (ICC). IEEE, c2014: 5622-5627.

ZHOU M, SONG L, L1, et al. Simultaneous bidirectional link selec-
tion in full duplex MIMO systems[J]. IEEE Transactions on Wireless
Communications, 2015, 14(7): 4052-4062.

LIAO Y, WANG T, SONG L, et al. Listen-and-talk: protocol design
and analysis for full-duplex cognitive radio networks[J]. arXiv preprint
arXiv:1602.07579, 2016.

SHARMA A, GANTI R K, MILLETH J K. Joint backhaul-access
analysis of full duplex self-backhauling heterogeneous networks[J].
arXiv preprint arXiv:1601.01858, 2016.

KIEU T N, DO D T, XUAN X N, et al. Wireless information and
power transfer for full duplex relaying networks: performance analy-
sis[M]//AETA 2015: Recent Advances in Electrical Engineering and
Related Sciences. Springer International Publishing, 2016: 53-62.
ZHENG G. Joint beamforming optimization and power control for
full-duplex mimo two-way relay channel[J]. IEEE Transactions on
Signal Processing, 2015, 63(3): 555-566.

TAO Y, LIU L, LIU S, et al. A survey: several technologies of
non-orthogonal transmission for SG[J]. China Communications, 2015,
121(10): 1-15.

DAI L, WANG B, YUAN Y, et al. Non-orthogonal multiple access for
5G: solutions, challenges, opportunities, and future research trends[J].
IEEE Communications Magazine, 2015, 53(9): 74-81.

IMT-2020(5G) Promotion Group. 5G Jok i AR LM 11 2 45[R]. 2015.
IMT-2020(5G) Promotion Group. white paper, wireless technology
architecture for SG[R]. 2015.

HIGUCHI K, KISHIYAMA Y. Non-orthogonal access with successive
interference cancellation for future radio access[C]//APWCS2012, c2012.
AL-IMARI M, XIAO P, IMRAN M A, et al. Uplink non-orthogonal
multiple access for 5G wireless networks[C]//Wireless Communications

Systems (ISWCS), 2014 11th International Symposium on Barcelona.

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70

[71]

IEEE, c2014: 781-785.

AL-IMARI M, XIAO P, IMRAN M A, et al. Uplink non-orthogonal
multiple access for 5G wireless networks[C]//2014 11th International
Symposium on Wireless Communications Systems (ISWCS). c2014:
781-785.

NIKOPOUR H, BALIGH H. Sparse code multiple access[C]/IEEE
24th Annual International Symposium on Personal, Indoor, and Mobile
Radio Communications (PIMRC). ¢2013:332-336.

LU L, CHEN Y, GUO W, et al. Prototype for 5G new air interface
technology SCMA and performance evaluation[J]. China Communica-
tions. ¢2015:38-48.

TAHERZADEH M, NIKOPOUR H, BAYESTEH A, et al. SCMA
Codebook Design[C]//2014 IEEE 80th Vehicular Technology Confer-
ence (VTC2014-Fall). Vancouver, BC, c2014:1-5.

WU Y, ZHANG S, CHEN Y. Iterative multiuser receiver in sparse
code multiple access systems[C]//2015 IEEE International Conference
on Communications (ICC). c2015: 2918-2923.

ZHAI D, SHENG M, WANG X, et al. Rate and energy maximization
in SCMA networks with wireless information and power transfer[J].
IEEE Communications Letters, 2016, 20(2): 360-363.

LIU T, LI X, QIU L. Capacity for downlink massive MIMO
MU-SCMA system[C]//Wireless Communications & Signal Process-
ing (WCSP). c2015:1-5.

Datang Telecom Technology & Industry Group. Spectrum-efficiency
enhancing techniques for 5G[R]. IMT-2020 Promotion Group 5G
Summit, Beijing, China, 2014.

A, Ive], FEx. T 5G ¥ PDMA BIRESN B Z hE B ABALT).
HEMEAR, 2015(5): 43-47.

KANG S L, DAI X M, REN B. Pattern division multiple access for
5G[J]. Telecommunication Network Technology, 2015(5): 43-47.
YUAN Z, YU G, LI W. Multi-user shared access for 5G[C]//Tele-
commun, Network Technology. ¢2015:28-30.

[72] Samsung. Performance evaluation of dynamic TDD reconfiguration[S].

[73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

2016130-14

3GPP R1-120196, 2012.

Huawei. Evaluation of TDD traffic adaptive DL-UL reconfiguration in
isolated cell scenario[S]. 3GPP R1-120059, HiSilicon, 2012.
DEMESTICHAS P, GEORGAKOPOULOS A, KARVOUNAS D, et al.
5G on the horizon: key challenges for the radio access network[J].
IEEE Communications Magazine, 2013, 8(3): 47-53.

SHEN Z, KHORYAEV A, ERIKSSON E, et al. Dynamic uplink-
downlinkconfiguration and interference management in TD-LTE[J].
IEEE Communications Magazine, 2012, 50(11):51-59.

Further enhancements to LTE TDD for DL-UL interference manage-
ment and traffic adaption[S]. 3GPP TR 36.828, 2012.

Evaluation on TDD UL/DL reconfiguration with interference mitiga-
tion in multi-cell Pico scenario[S]. 3GPP R1-122209, 2012.
CADAMBE V R, JAFAR S A. Interference alignment and degrees of
freedom of the k-user interference channel[J]. IEEE Transactions on
Information Theory, 2008,54(8): 3425-3441.

ROST P, BERNARDOS C J, DOMENICO A D, et al. Cloud technolo-
gies for flexible 5G radio access networks[J]. IEEE Communications
Magazine, 2014, 52(5): 68-76.

CHECKO A, CHRISTIANSEN H L, YAN Y, et al. Cloud RAN for

mobile networks—a technology overview[J]. IEEE Communications
Surveys & Tutorial, 2015,17(1): 405-426.



H71M TP 5G AT OCHEBIR R ©29 .
[81] ANGER FE. Smart mobile broadband[C]//RAN Evolution to the Cloud [97] ZULHASNINE M, HUANG C, SRINIVASAN A. Efficient resource
Workshop, c2013. allocation for device-to-device communication underlaying LTE net-

[82] China Mobile. C-RAN the road towards green ran[R]. China Mobile work[C]// 2010 IEEE 6th International Conference on Wireless and
Research Institute, 2011. Mobile Computing, Networking and Communications (WiMob). IEEE,

[83] NAMBA S, MATSUNAKA T, WARABINO T, et al. Colony-RAN c2010: 368-375.
architecture for future cellular network[C]//FutureNetw Mobile Sum- [98] ELSAWY H, HOSSAIN E, ALOUINI M S. Analytical modeling of
mit. ¢2012:1-8. mode selection and power control for underlay D2D communication in

[84] C-RAN the road towards green ran[R]. China Mobile Research Insti- cellular networks[J]. IEEE Transactions on Communications, 2014,
tute, 2011. 62(11): 4147-4161.

[85] LIU A, LAU V. Joint power and antenna selection optimization for [99] CHO B, KOUFOS K, JANTTI R. Spectrum allocation and mode
energy-efficient large distributed MIMO networks[C]/IEEE ICCS. selection for overlay D2D using carrier sensing threshold[C]// 2014
¢2012:230-234. 9th International Conference on Cognitive Radio Oriented Wireless

[86] LIU L, YANG F, WANG R, et al. Analysis of handover performance Networks and Communications (CROWNCOM). IEEE, c2014: 26-31.
improvement in cloudRAN architecture[C]//7th Int ICST Conf CHI- [I00]JHAN M H, KIM B G, LEE J W. Subchannel and transmission mode
NACOM. ¢2012: 850-855. scheduling for D2D communication in OFDMA networks[C]// Ve-

[87] SPENCER Q H, SWINDLEHURST A L, HAARDT M. Zero-forcing hicular Technology Conference (VTC Fall). 2012 IEEE, c2012: 1-5.
methods for downlink spatial multiplexing in multiuser MIMO chan- [101]LEI L, SHEN X, DOHLER M, et al. Queuing models with applica-
nels[J]. IEEE Transactions on Signal Processing, 2004, 52(2): 461-471. tions to mode selection in device-to-device communications underlay-

[88] 5G vision and requirements[Z]. China IMT-2020 (5G) Promotion ing cellular networks[J]. IEEE Transactions on Wireless Communica-
Group Whiter Paper, 2014. tions, 2014, 13(12): 6697-6715.

[89] YU C H, DOPPLER K, RIBEIRO C B, et al. Resource sharing opti-
mization for device-to-device communication underlaying cellular N
networks[J]. IEEE Transactions on Wireless Communications, 2011, 1EH &I
10(8): 2752-2763. K (1959-) , %, BGEoiA,

[90] ZHAO W, WANG S. Resource sharing scheme for device-to-device MR T, WA S0, EEY
communication underlaying cellular networks[J]. IEEE Transactions Fy T EAE L NG TCZE 4% . TD-LTE.
on Communications, 2015, 63(12): 4838-4848. OFDM.

[91] XING H, RENFORS M. Resource management schemes for network
assisted device-to-device communication for an integrated OFDMA
cellular system[C]// 2015 IEEE 26th Annual International Symposium
on Personal, Indoor, and Mobile Radio Communications (PIMRC).

IEEE, c2015: 1520-1525.

92] REN Y, LIU F, LIU Z, et al. Power control in D2D-based vehicular = _—

- communication networks[J]. IEEE Transactions on Vehicular Tech- *Kﬁmi@ ;1989-) ’ \%, {Ijx%}\’
nology, 2015, 64(12): 5547-5562. :“:fl g Eﬁj(,%ﬁij:d: ’ I%ﬁﬁn}j i %

_ . , TRERMEER) T — AT M % AR

[93] JUNG Y, FESTIJO E, PERADILLA M. Joint operation of routing 2%
control and group key management for 5G ad hoc D2D networks[C]//

2014 International Conference on Privacy and Security in Mobile
Systems (PRISMS). IEEE, ¢2014: 1-8.

[94] WANG J, ZHANG X. Adaptive power control for maximizing channel
capacity over Full-Duplex D2D Q-OFDMA ad hoc networks[C]//2015
i];];fs:(fszal Communications Conference (GLOBECOM). IEEE, Bse ( B77-) . B b ’i\’ 11,

e - N P i S g2

[95] MACH P, BECVAR Z, VANEK T. In-band device-to-device commu- jgf\ %EEE Eﬁj;;aralj ng/,i\ I% Z?T {;; U?E}éj 1H
nication in OFDMA cellular networks: a survey and challenges[J]. BRI A A PO e
Communications Surveys & Tutorials, IEEE, 2015, 17(4): 1885-1922.

[96] LEI L, ZHONG Z, LIN C, et al. Operator controlled device-to-device

communications in LTE-advanced networks[J]. IEEE Wireless Com-
munications, 2012, 19(3): 96.

2016130-15



	02-160237-ZP

