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Antenna Combination Selection Algorithm for Generalized Spatial
Modulation Systems Based on Norm and Correlation
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Abstract Aiming at the problem that the generalized spatial modulation (GSM) system can not take into
account the high channel gain and low correlation degree under correlated channels and the applicable scenarios of
antenna selection technology, an incremental antenna combination selection algorithm based on norm and
correlation is proposed. First the norms of all antenna combinations are calculated and sorted. Secondly, the
antenna combination with the largest norm is selected and added into the candidate set. Finally, the antenna
combination with the lowest degree of correlation with the antenna combination in the candidate set is selected
from the remaining set and added to the candidate set one by one. The algorithm uses the effective channel vector
as a quantitative indicator to evaluate whether the antenna combination is excellent. The angle among the effective
channel vectors not only explicitly reflects the correlation among the antenna combinations, but also implicitly
reflects the range of the channel vector. While maximizing the channel gain, the degree of identification among the
combinations is improved. Simulation shows that when the bit error rate is 107, the algorithm can obtain a gain of
2 dB compared to the random selection of antenna combination algorithm. Compared with the receiving antenna
selection algorithm under the same spectrum efficiency, this algorithm obtains a gain of about 1.3 dB.

Key words antenna combination selection; correlated channel; correlation;  generalized spatial
modulation; norm

KA 2 i N 2 % Y (massive multiple-input-
multiple-output, Massive MIMO) £ K £y 5G # 3
W IR 2 R R B R R 2 —, IR AF R A R4S
QU B R AR Y AR S MIMO £ R 78 73 R F B
A R L [R) I A% b 57 B S O H s, 3R49 2 B

ek HIA: 2020 - 04 —-01; EFEIE#A: 2021 -01-15

EEW R . SR, 7E Massive MIMO RGH, #4E
AHAB R 26 18] A5 1& (8] T3k (inter-channel interference,
ICT) & A HI 2y PERE 1) £ 2R, S 17 ] 1CT,
2% [8] ] #1] (spatial modulation, SM)® 74T & B ZI| X
BOE— RS RS, RN RE R 5|75 WU 2 A

FEWH: BEFAsCEB bR E (20-66B);  BEFGA HARFHAILRIT 7L iR E (2020IM-242)
EE T 205 (1971 ), 55, Wd, #d%, FENFEYBMEE . @55 5085 TP 7. E-mail: xlfeng@chd.edu.cn



34

R, S5 FET BN R IER) GSM R G #E % 355

A BT R B R S R 2R, L&A R B, 1E
A B 3 R A AN R — A SR AR B R R ) 48 B AN [F] R
2, BHRRELRD, HELmBeras TRY., £4
MIMO H1 SM & ) F 7% 35 5% 5 11 15 o % o 175 02,
MIMO FHFrE IR, SM AH—MR K. M)~
X7 [a] i #i1] (generalized spatial modulation, GSM)
T H A, AR ZEOE 2 REE R
4, HBUEREGHGHRGI T 5w EE, 7]
FEFNH ICT B [FIIS, A SR m s R, R
A Massive MIMO % 4t H & A 1T ¢ 1A% i 07 %8
Z
£ GSM Y, EFRHBORE (HE) &Lt
PRUF PN AZ 0 I, — 7 TR ] RE (5 3 20 4R
ERE, DRMSR S REUE R, 5 —T7 L
EHEFAH R BRI R Z& (A5), DURE RN
BIPTHFREE . HAESCPRIG N ST, T a2tk
B TE ORI AR, DA 2 AR RN, (S E [A AR AE
WA A G, A LB EERN, HiEN kit
HAH RV SS M R & (HE) &, Em R4 A
) Z AT R, DA 2 2R 51 T RSS2 1 i
oo ERGIAGIN, ZRA B RE (HE) K
B LA 2 IREBCR T, LA N AR AR H i) —
HEHEAE . TREH G HEEEE 2 KT 2 KRR
J7, ZRWIRLEH G € NIRRT, AEFEILTS
FIRZR2H S 4t 1 iR A1l

£ SM R4, SCHR [7] $2 ) 7 & Tiasn Kk
SPORGIG PR, R HUEE R R KIS 1
NIRAER RS, SEEERERUC, (BEME
ETNHTRBREANEZZFBRETE N EFE.
Mk [8] et 7 T WK ICEE B i fh R E+ (eucidean
distance optimized antenna selection, EDAS) & 7%,
T8 I R R A R R RER B, 3% UM O FE IR
PIRE, ZEIEER D REN MIMO £ 4t H fE 3R
432 {5 ¥ LL (signal noise ratio, SNR) ¥ 73, 1H
HTEERE, AN&EHHT Massive MIMO. 1 3C
BR (9] PRt B T B REH G EHF TR, INA
BRI “IRF5” Rek, L, ARFIK
7 EDAS BUEMHE R RE, AV AR 2 H]
BAR-P4, HixEEREH T SM R4%t.

EREES R “IRFFT RE, SAMIAE GSM
Rgih, FAMNBOEZHRRE, MNEE “REH
GHFE” , MAEMERLTS . Sk [10] & 0K

EDAS 5L A E GSM &4, HlERiTEE
BRI T AE MR . SCRR [11] $2H T HRIK
Uiy RERE PSS, ZEEE U HITEAA R
A S ME R B AR D M T NI, AR5 TR 4
A PO B 12 2H A S Y A BRI R R BT TE A
G, BEE R E RN L RO E, (HIERE
JEAA TR AR, IXXTF GSM R Gk HE AR L
A

M 3Cik [7] PRI SR RGEH T SM 24t B TR
FRAGE T RAERe B E, ASCESESCHR [7] ik
¥ SM R4 G B K 1 — SIS E 5 [ A R
SRS MDA, [FH GSM KRG+ RELEHEN
R EE M EERNREHE— BRI E &IN5
Fro [FIIS BT R ZRIE SR IIAZ 0o 2 AR 22 R R
R “hF” R, Mz ARG nT e
B HREIEFERARVB AR R . &
S — M N BAT S FATEER, LR AE TN ATRERE
A R i R PR IR BRI MR il v i HY
CUF” RESREREE, XEERUR LI 1
KT HL sl R AL B BE )5, WMORRIEFERAR AR
WEL, 2R RO R R B ARAOE BRI R
bR /N T LA 0 R 2 WA iy 24 ity W £ IR R T . AE
MIMO AT 8 % th Bl v] DRI 2 F P A U AR R
MIASE G R, R EARAEA R a] LT BRI
R HITHE,  WOR ST 0 I R Ik B AR R )
FCE L . M SCHR [11] 52 H B o R 26 ik B
AN 3% 500 HZ S LI R % & GSM KRG R
LR A0 B TR A G FE B

AR — b I T BOFIRH D 1 14D 8 28 A S o
RGHEERE . ZEIBAEREEREERNK
LHGREMB RN Tabs, [FR 355
AR A 2 MA M. A, AREIE
HRER SR REEA R, SHBIMEER, FF
S FH T e A L B S 3 5

1 ARGEE

GSM RSt 1 Fros, RS RE&%
N ony FEBCREEN n,, B 200 B R 23
Hon,, FIAWREMIEE REAGHK =C/A, %
FEF| GSM Wi it FE KRB A IEE NN 2 IR
W7, B, AR R H A HE N ol kA,
Horb|- JRR 1) T U



356 R N

50 &

GSM e
RS

23]

GSM K&

1 RGN

5 Z Gefd FH M-PSK I, 5 K dis 3 5 e
SFRGH A M E RS, Hr|log, K AN HLRFMLR R
LRIA RG], logyM A FURFBE R i 2 AT 5

SR, TERLA GRS, 75 ERRUmR
PG GG THE BRI A AR REAEES,
el S U A5 R S o, DA R — B 2SR R
M ES, WIAGEH FHEFSEE.

GSM R 40K FH G R 32 5 M O 518, WOR )
KRS SCPRTE LR 3l & ARG 2[R
EE B, — MO A RRISCR 2R R S R 2k 2 [l A
G, RAER 22 I aloR S R4k 2 1a) HAT F ¢
M. SIEBEERRN:

H=R,*H,R* (1)

KX, H, A nxn, 4ER5EFE HAZH B R 70 3R IR
B0, TENIWE oA, EH,)=
0, E([H,);;[Hy],,) =0, ij#mn, E(H,);[Hy];) =1,
EOR AT H L R A (H,), R H,
MATH jAM TG ER s [P Roam BIRK R 3% B 1R 1R
R, = RPRPHIR, = R}> R 53 5 A %St i 5 B2 o
[l 5 2 5 R 0
GSM R4 1] 5 .
y=Hx+n 2)

LE nxn, 450 H W ke = Lhaay,haoys - ohajy s
hnpy 27~ H WIS i 47: e by ) FoR R RE j £
BORE i WfEEM &, [TMCRAREREE, y R
NEWRGE SR x= [~~~,0,S1,0,32,'“,O,Sn,,,O,“']
RRNKIER T, fF5PEn, MEETER, s5¢€8,
SO R R R P A R SRS, s fE x T
RERRBOGREN TS n XRBMERN 0. TTE
9o 0 v B A . AR SR R S R i A

R, HARME R (1) KIEIER, GSM RGEHIHERIUE
SRS
y:HWRt]/2x+n 3)

EEBIERERENEHASE, &
S1=82=-=8n, X (3) 5 Ak
y = hegR)*s1 +n )

TN, B IO R 2 20 A0 N A 005 T8 1) Y
Gt WSS koS REA G KA BUETE &=

p
hetro= Y BE k(1,2 ,K) (5)
=1

A, RERTR PG H kAR & IO R 5 B
FERIES 4. Hal (@) A=l (5) mrdn, /s 5 ar L
FEWOE R A0 NGB HYS x 347 4
e, AT DSBS R R A A N A R I A
he 5 sy M. N TR RZEH A RIS, A
LG hego
2 EFERAEAENREBARE

BT LRHIA, AN EHEGREERER
T UL R R R A R AR OGP, SR — R Tk
FIRH DG [ 3 16 R S R R 2H A i B A

Bk, 7230 (5) w UREH A X R HIA 2%
Sl MR AL L, B AN RS IE R A
Je N

| <heffk| shetr, >”F

heffkl ”F

Ok, k, = COS ki, ky €{1,2,--- ,K} (6)

hes,, .

N, b BRH kAN REH G BIA S TE 7 &
CoyRpn i EANBRIERE: [R5 R F o
Oy o TE 718 Ky T ky RS R G I o 6y g iR
N, AHOSPEERSER, o iR AR A G TS
R . TE5E X e W, TV E T 5 MAS Y 2
MITEE, BRI EIR 6y, o, AR S T REH S
Z IR, IERR i S TS E A B T, [H
IS} ST SRR [7] FOSCRR [11] B 55

T I R 2R A A 1 B R I AR -

DE X CIEMFRMREHEGES oM Q,



34

R, S5 FET BN R IER) GSM R G #E % 357

WIETE DN @ Rk, Q={1,2,"K}.
)it QEGT A ICEMN Fins, #
VAR K ) R 2R 4B 6 N PR U i [

Befy = argmax |Betr |~ keQ 7)

I ZREHAEGN QBE| @ H, ik heg, V0
Kol FUGE— 5 Q BT R K hey,
@ Hhegs,,, RS, B

Omax, = arccos —| <h6ffmax’heffk>”F keQ )
‘ k “heffmax F |heffk”1:
B 8) T 5 hegr, KA KK RELHAE N QA
&, XREMTREHE I MAEBKR, HEH KA
PR B

NHE QRN REHAES o PHITA R
LHGHMAIEE, WBUMATE A ZRENE S
@ KR A . il 2 iR, BBy, BEi gy 1E A
REHE3EH @ B SA.

hcl‘I‘K

P hg

B2 MR B

4HEE ERERE, BUOHEH Q 5ikigE s
& HHTA REAS AU FE,  FR AU FE R
P RELHEMANEILES &, HE| & HHIREH
G R IL Bl K iy, 5 IEPEIR . LEY @ YR
A A A UL

NHEZEGIVEH], LA n=4, n,=2 [ GSM &R
g, HACI=6MAE, N THEREHEH
N2MRIRTT LI, FEM 6 T4l & ik
ollogab] = FPEH A, MEETTUREN 2.

DR X ) FH 2={1,2) (1,3) (1,4) (2,3)
(2,4) AR — AN REHE XN F s, #76
B K REHE N (1,2), MEZHAGN QB E
@ . ARIERIER (7) THE 9={(1,3) (1.4) (2,3) (2,4)
GaNE—R&EAES o={13) kM, BK

(1,3) A1 (1,2) sk, B (1,3) B3 oh, o=
{(1,2) (1,3)}, 2={(1.4) (2,3) 2,4) 3.4)}-

2) i QR — REHERM & P R4
AR RFERE, B2 8AME, /4 BIX M KLHE
14H5 (1,2 I3)WHXEE, REHE (2,3)
5 (1,2~ (1,3) FIFHCRERE, DL, ® (14 5
(1,2)s (1,3) {19 F3 43 il & 15°F0 20°, B 15°1F A
QHFMRELHAE (145 o kM. L QH—
REHEF & 1)If, BB 4NISE, 7%
MRLHE 14HEK oHUREE, RE&HAE
(2,3) 5 @ AR, DA HE. K 5ok A T
MHAERT o, W (145 o AERK
HINQBE oF, I o={(1,2) (1,3) (1,4)}, =
{(2,3) (2.4) 34}

3)EH LRI, HE QR NE—REHE
A @ [PAE GRS, kT I B AH AR B B/ NRIE R
GUREHES o WML, BEHM QL oEEHA
ERRKMREHEN QEAET o E£E5H, BIX
(2,3) FTFEER, KBHIMAR & F, BEEf o={(1,2)
(1,3) (1,4) 2,3)}, Q={(2,4) 3.,4)}, ZEIL5ER T KH
R E LR

3 (hEER

AT MATLAB 5K 8RR BEAL
S SCHR [11] e 4 o 500k DA R AR SCRE 1Y
R RE . 1 AR IR TE A OB TE, o
CAEERSE R, IR R R 5%

N TR AR EREEYE, B34 H a4,
n=4, n,=2, QPSK il IR FI A~ A i) R & ik £ 55
E) GSM iR R M 2% L. I 3 R AN, AR
QPSK il [f] GSM R4 & id Y &N 8K
LRI A Ah IR HFH MG IE 5, A SCHEEPEREAR
T HARB A SRR, Hop A Bk, fEiRIDE
N107 BT, 1% E R R A T B AL SR 4R
Ft2dB A, AHECTSCHER [11] HiE5 T2 1.3 dB,
KB TE 438 2 ) GSM RGiHA 6 G,
TR 4 FhALE, TURRELAE ST AE
N 50%, MOEPRE IE G a5 K HAH SR N R R4
G AR RGO TERE . IR SCRIEE R 2
REHA B FA R, TR [11] B HE
MR CRERE, X T GSM R Gi e 15 e Lb e s 1 1%
SURHA A N E L, SR SRR R PERE R
Tk [11] BI5,



358 SRR 5 N <

¥k 50 %

10" T
—— jc@qn (GRS

—— /I\)L

107 |

1072 f

BER

107

107*

107 - - -
0 2 4 6 8 10 12 14 16 18
SNR/dB

B3 RIS B B RS % i 2% (QPSK)

T ARIE GSM R S8 A SR A4, K 4
“th n=5, n=4, n,=3, BPSK Vil R MK
REEFFEN GSM iR TSR 2k L. K 4
Al %N, BPSK I GSM &R G h & it A e vk
(P Bt AR T Bl AL SRR STk [11] Bk TEfE
WEEE DN 107 B, %505 PR RE AR T BE ML VL S T
1.5dB ity, AHECT SCRk [11] HyE$E T+ 4 0.5 dB,
XFEEHTE S E 3 GSM R4, Al g
PIRLEH AR 10 Fho T2 GSM RGN KL
HAWIBRE], MOLPHRREHE N 8 M, IR
REGH AT ELBE 25%, EFERMEN, Mg
AR, 5K 3 XA, n=5, n=4, 0,73,
BPSK 1 il H R FH A A 1R 26 4H & 59 1) GSM &
GLif v Re AR T n=4, n=4, n,=2, BPSK il
1) GSM &4, FEJEFEZEN T IRIE R G500 &L
BAAR, B 4 PR SHE S 34T BPSK IR,
T BPSK & Ji s 5] i Wk X BE 25 KT QPSK HI Rk BE
B, WA 4 R R A BIEMERE AR T 3.

10°

—— SCHR[L1E R
100 F —— HEHLIL
—— AR
~ 102
m
TN
10+

107 . . ;
0o 2 4 6 8 10 12 14 16 18
SNR/dB

K 4 ARRLEERFILRIRIDE L (BPSK)

Bl S FE 6 B S0 T4 G AR OCAR FE X RS PE R
s . XEHAEY R o FRLHEE d xBAE
RPN

4 SNR=15 dB I, H & 5 FE 6 0] LLFE H
BE%E o 1 d K360, BER 2 FRE#A. X&HT
o WRE d WK, REFMMHAEERK, WRR
FIMEREA BT = . IS WA, 24 o=7°H d=4\ I,

SCHR [11] 55 BE R 4 H BER T [ #a % 8 T F
2. M6 A, X o=5°H d=4\ i, A CHE
1) BER P& T P28, WM SCRIZIGEAR G
BOREE A PRI BRI RE . 1E 0=10°
H d=5A BT, A SCHE VL REAE BT SCRk [11]
SRS TR 2 MRS SR AT FETE BRI 5%
PRI R Ak BT UA REE GSM R 4011
IR . TETUARRGALA BT 5 Ly 5 i HLAH G &
FEEE RIS LR, 28R R .

mrhu%
‘0 I”

lg,,) II/’ I\

/I/[
'h

I !gl/l/ iy Ui

l"' Ill'itf
2 ‘

BER

Bl 6 ASCERAE RSN AR IE T I fE 0 S ]

4 HERIB

ZS'E 3 R B Wk IR P A NBER VS IPN
MG PR, QR T £ H BRIk
FRARIGEM ST, BB R m i R&A &
WHEE . IZAEEAE T RAA U E R R,
TP RE TRIE AR IVEAL, DR REGA G ZIE K
M, PEsenEN e i) “ep” REGH G I
PHRBEE , RAEPEREEL . (TR, S
PSR RRSIANL, A SEAE 5 R R 5518
TATDAM] R PR R SRR SR, SRTHRIRE R B T
TURRLGHE PTG B 53R [11] R0 R
LR FERAMEL, A SCRIEAEA R R 2R Al PR £y
FEY™ R (RAH AR 8 AT LAIRAS S 47 (iR A P RE - %
SRR N B RN HALAE B GSM R4t T, K2



5% 3 1) R, A FET VORI RV GSM R &k 5% 359

Je SR ST ) o

& £ X M

[1] KHAN I, SINGH D. Efficient compressive sensing based
sparse channel estimation for 5G massive MIMO
systems[J]. AEU - International Journal of Electronics and
Communications, 2018, 89(6): 181-190.

[2] RENZO M D, HAAS H, GHRAYBE A, et al. Spatial

generalized MIMO:  Challenges,
opportunities, and implementation[J]. Proceedings of the
IEEE, 2014, 102(1): 56-103.

[3] RENZO M D, HAAS H, GRANT P. Spatial modulation for
multiple-antenna wireless systems: A survey[J]. IEEE
Communications Magazine, 2011, 49(12): 182-191.

[4] MESLEH R Y, HAAS H, SINANOVIC S, et al. Spatial
modulation[J]. IEEE  Transactions on
Technology, 2008, 57(4): 2228-2241.

[5] JIN L F, HOU C P, WEI X, et al. Generalized spatial
modulation with multiple active transmit antennas[C]//2010
IEEE Globecom Workshops. NJ: IEEE, 2010: 839-844.

[6] YOUNIS A, SERAFIMOVSKI N, MESLEH R, et al.
Generalized spatial modulation[C]//2010  Conference

modulation  for

Vehicular

Record of the 44th Asilomar Conference on Signals,
Systems and Computers. NJ: IEEE, 2010: 1498-1502.

[7]1 RAJASHEKA R, HARI K V, GIRIDHAR K, et al.
Performance analysis of antenna selection algorithms in
spatial modulation systems with imperfect
CSIR[C]//Wireless Conference. NJ: VDE, 2013: 1-5.

[8] MOLISCH A F, WIN M Z, WINTERS J H. Capacity of
MIMO  systems  with selection[C]//IEEE
International Conference on Communications. NJ: IEEE,
2001: 570-574.

[91 SUN Z, XIAO Y, YOU L, et al. Cross-entropy-based
antenna selection for spatial modulation[J]. IEEE
Communications Letters, 2016, 20(3): 622-625.

[10] RAJASHEKAR R, YANG L L, HARI K, et al. Transmit

antenna subset selection in generalized spatial modulation

antenna

systems[J]. IEEE Transactions on Vehicular Technology,
2019, 68(2): 1979-1983.

[11] CHOI Y S, MOLISCH A F, WIN M Z, et al. Fast
algorithms for antenna selection in MIMO systems[C]//
IEEE Vehicular Technology Conference. NJ: IEEE, 2003:
1733-1737.

[12] GORE D A, HEATH R W. Transmit selection in spatial
sultiplexing systems[J]. IEEE Communication Letters,
2002, 11(6): 491-493.

Wow M4


https://doi.org/10.1109/JPROC.2013.2287851
https://doi.org/10.1109/JPROC.2013.2287851
https://doi.org/10.1109/MCOM.2011.6094024
https://doi.org/10.1109/MCOM.2011.6094024
https://doi.org/10.1109/TVT.2007.912136
https://doi.org/10.1109/TVT.2007.912136
https://doi.org/10.1109/LCOMM.2016.2518662
https://doi.org/10.1109/LCOMM.2016.2518662
https://doi.org/10.1109/TVT.2018.2889024
https://doi.org/10.1109/JPROC.2013.2287851
https://doi.org/10.1109/JPROC.2013.2287851
https://doi.org/10.1109/MCOM.2011.6094024
https://doi.org/10.1109/MCOM.2011.6094024
https://doi.org/10.1109/TVT.2007.912136
https://doi.org/10.1109/TVT.2007.912136
https://doi.org/10.1109/LCOMM.2016.2518662
https://doi.org/10.1109/LCOMM.2016.2518662
https://doi.org/10.1109/TVT.2018.2889024
https://doi.org/10.1109/JPROC.2013.2287851
https://doi.org/10.1109/JPROC.2013.2287851
https://doi.org/10.1109/MCOM.2011.6094024
https://doi.org/10.1109/MCOM.2011.6094024
https://doi.org/10.1109/TVT.2007.912136
https://doi.org/10.1109/TVT.2007.912136
https://doi.org/10.1109/JPROC.2013.2287851
https://doi.org/10.1109/JPROC.2013.2287851
https://doi.org/10.1109/MCOM.2011.6094024
https://doi.org/10.1109/MCOM.2011.6094024
https://doi.org/10.1109/TVT.2007.912136
https://doi.org/10.1109/TVT.2007.912136
https://doi.org/10.1109/LCOMM.2016.2518662
https://doi.org/10.1109/LCOMM.2016.2518662
https://doi.org/10.1109/TVT.2018.2889024
https://doi.org/10.1109/LCOMM.2016.2518662
https://doi.org/10.1109/LCOMM.2016.2518662
https://doi.org/10.1109/TVT.2018.2889024

	1 系统模型
	2 基于范数和相关性的天线组合选择
	3 仿真结果
	4 结 束 语

