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MMSE SIC Detector Based on Cost function and Ordering
Mode in MIMO System
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(1. Fuzhou Vocational and Technical College, Fuzhou 350108, China;
2. Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Aimed at a multiple-input multiple-output (MIMO) space multiplexing system, based on multiple parallel branches of
cost function (CF) and ordering mode (OM), a successive interference cancellation (SIC) detector with minimum mean square error
is proposed. Specifically, a selection rule is designed to select the branch with the best performance of cost function, by using different
detection ordering modes and signal-to-noise ratio, the SIC algorithm of each branch can detect the signal form high to low and realize
the full detection diversity. In order to further decrease the algorithm complexity, an effective adaptive receiver is proposed to update
the filter weight vector using recursive least square method, so an adaptive implementation of MB-SIC receiver is obtained on the basis
of recursive least square method; In addition, the bit error probability of the proposed detector is analyzed. Simulation results show
that, compared with existing detection algorithms, the proposed algorithm not only has lower computational complexity, but also can
obtain better bit error rate.

Keywords: MIMO system; diversity gain; successive interference cancellation; cost function; minimum mean square error; selec-

tion rules; bit error rate
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EHERGE T, 2R MBRKLEN ZHAZHH
(MIMO, multiple-input multiple-output) £ 4 & & 12 &
RN EETR., ZRETUREE RN Z KA
MR R R . 2 I R A B TS ROCR . 4y
£ 1 25 (0 159 4E 0 28 5 VK (5 18 L I 4 B O 0 w7 A A BRI
=% (BER, bit error ratio),

e MIMO R =R L L E . N T RA&A
B ZS [ARFAE R 0 B BT A Sl i, FTRAURAE I T2 A&
T . T AR BRI A A0 B33 Sk 3R A5 e A B KA
s (ML, maximum likelihood) PfE. 4R, XFPE EK

R B 2022 -10-11; {EEBH:2022-11-15,
E£WMAB VL4 A ARl 254 (BK20200805) ,

SR T g g 2 WU B By, IR TR R L (SNR,
signal-to-noise ratio) FME5 2, X T MEE H %5 SNR {H
WA AEE E . R A, X T g R Gk U, A I
TAEEAMRR H4F SNR fH, XHEHBERIE IS (SD, sphere
decoder) R A2 2 BRI, MOREOR T 45 FIR & 2% B SR
BIBFFE s SCHk (9] %1 XF— e mh 28 b i & 0. RS A AT,
AR MIMO JU4% ROt AR R S8, $20 T —FiR &
RO 5 35 R S B B k. i . R R 2 R
RGN ARG P WARMAEL Y BT EE., HR, RAT
T BRI BCE T AR, A S A IR 2 UL 25 ok fig
PN T IR S (AT, F iR T 0 B I AR R S L 2

EE A RS (1981 - . 53 AR @AM AL SEI 0l . 22 N FEHLEAR i T A5 BEOR L 28 H R S8 77 1] BT BT 50
SRR RS H 2% MIMO R 48 5 T ok BoR 7 4 30 9 MMSE SIC 6 6 [0, 38 L0 &k 5 #51 2023.,81(1) - 22 - 29.
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FESE T AR /TG TR T 3 AR Bl A 4 )
AR I AR GRS WL 25 45 2 5 B /I 36 Ak 5 B0 22 T 174
MiR2E . Wit T —F % T Lyapunov-Krasovskii 12 b () &2 &
SR B B R g UEW T R R G BT A R B
HHEW, Ramb R TAENAE RS EES.
U5 B i — 20 B iE T AR O SRR Rk Scmk [10]
PEH T — R BT R S 22 22 /0 Kl (DFEMDD, decision-
feedback multiple differential detection) A M 2% 43 %% 15
(DDE, double differential encoding) f## 5 %, L T X}
PR IR AR {5 8 1 BR 5 . DDE T DR =5 98 61 48 Sl kit g iR
BRBE . R T RS MRCREMBER S, RS T RAEW
{FIE ¥ ¥y DDEMDD 55 3% fi14 {5 18 B 9 DDFMDD 4%
B TESERERY, I BRENEGF ZEEET, £
BRI IEBLT . BA RATF MRS Pk 24543 3L
TR g, Kk MIMO & ¢ KM {5 R S 5 8 (CSTL
channel state information) J %t #F 17 7 2 15 ¢ 52 30 14 BE 1%
Fho SR, PER M R LEE 4515501 CST St AR 5 ik
T, FEE A RBITE. Bk, et [11] i
PRI T %3 (Deep Learning., DL) f CST B FIK
S, PEl T —FhImt CSI Bk R 28, kA CSIK
B4t 12 (CSI-LSTM, CSl-long short term memory) %
¥, CSI-LSTM jill i3 MBsH A5 ¥ 5 MIMO {5 38 B9 )1 25k AR A
BTG G I A DG 1y 25 B 54, IR IR E TR
BEET R4 (CR, compression ratio) 1% 4% & 2 [a] 1 AL
i, FEEAS R ER, CSI-LSTM 42 (0t RE A0 T 304 1 ik
TR AT DL )5k, X CR FEBr B 225 10 & B
Py SCEk [12] x5 MIMO K515 R 58, 420 7 —Fh s
FRREE A& AY XA Turbo i . X B LR AR EE
SRCYVRSEE AR S NER IR i AN DI 7 E RSN (U DTRE M
BT PR WSS B, O AE X A s Pt N T B B B ok R
PR AREE . R, FTIACR A S O R B2 G Ak
TR A N Y Y4 A 2 5 T T I ) S g Y RO R 5 N ) Al
ARG R X 4, WM R 2 E R . 7 RS g4
SRIFW BT 208 0 L In) it 8 34 4 s M e O T A
T B[] B B E I W Turbo ¥, H HG L F 58 B 338 N
193] Turbo ¥4 25 B A 57 iy Wi ek 5 Sk [13] F
FE T RIBE MIMO 35 200 LR 8 A T A x40 76
GYBT T R 48 %t 42 WU T 58 88 A T P 9 AR X3 310 1 B

SR IFRIR T & R DR BN RGN, I
THRLWIRER TR, ST REEHEHESE, EY
T HE R Ak R L HOT DASRARAR KA B 5 4 45 . DA AT LAAR
X REAR W AR B THAE P om0, s, ]
T3 3 B R 2 B R 2 BT AR R T R B T
W, SEST DRI R X R G Re . BT
REHL MIMO (194 3R] i 4k R 58 099 . e s50R 5%
PERE M XS 2 X P A W A ] R R 4G b a4k R 45
HEREGFEERSHFEBE T, Mgk REEE T I 5H K,
W T R G000 500385 ROR M RE R A R PERE . IF o0 T R ML

MIMO X 4835 F P 40 A AT = % 98 84 40 148 il s 3¢
wk [14] 3t KRG8 (MAP, maximum a posteriori)
R B Bm T B A AR, O A 4R A T P 4
BEREOEK, BT MG RE S0 BT 04
A=k %8, RN E I B S L (CGBPA, com-
plex gaussian belief propagation algorithm), T £/NX £
FHPARGIN o K 22 T A6 0[] 2880 07 A R — 2R 90 o A ot i
A CGBPA Kl 45 A~ 5. A F P 5 308 3o s o 44 v $4 30 2 4 0
FHE W6, Bl T THRA P EEZmE. R
FE) SNR A — B TR 1Rk A2 i i — 09 A 3 mUIR S 3 Al
HRBUER . BELREY, CGBPA BRAKMME JREM
TrHES, X s o B st EdEfhiat . I TR 5
— T # (MMSE-SIC, minimum mean square error-soft
interference cancellation) 2 ¥:; SCHE [15] £F6FxF £ 01 /R
g sy Eas it (D-BLAST, diagonal bell laboratories lay-
ered space-Time) ZRAJILAT T HF5T: # %t D-BLAST HAH)
TR R, SClk (16 - 17] 24 T HE B A—m &
BLAST (V-BLAST, vertical BLAST), V-BLAST & F
BT 3ALER: (1) IRWESE SNR R T (2 R
i & & /N iR 2 (MMSE, minimum mean-square-
error) YU Y T 90 B R N T HRAF 50 B ARE 5 19 50 5
(3) HEZ T (SIC, successive interference cancella-
tion) "5 B U 2 HAM SR I O KA MIMO & 48 19 25 7t 4
. WL MERD B e ) it (DF, decision feedback) A
2R I AT T B (PIC, parallel interference can-
cellation) ™,

SR, R BBk 5 ML-BUAG I 25 19 1 e 5 A 1R K
2R . EEE M TP E RS RS R, A
ETEERN S B, AXETZAAMI, #ILT —
FoBt iy MIMO 7 [0 22 % 52 1 R G010 SIC SRl . X Fh 22 50 52
SIC (MB-SIC, multi-branch SIC) 224y iy £ 4~ 3471 SIC 45
TR, B SIC Bk EE S TH®BE I
(SINR, signal-to-interference-plus-noise ratio) M & F &k
K5 o B SR 150 T30 5 0 U o 2 Pk B A A 1 40 32, Rl
3 ) RIS ] A 0 e A5 = ok R A5 A6 0 43 4, il i 8 0 4
A B AT RE R HE P A R LI oE ek A A O T R AR
AR A E R R, IR T — R A A R R
(RLS, recursive least squares) 2754 %% A & b ULk
S UK B s BCME ) R M Ah. B EAT TORLRR 25 RS A R
(BEP. bit error probability) #:ag4:#HT; fj EL45 R K], &K
SCHE RS BAR AT AR R, T H ) s R T AR
FeAL ik, HAEREE T iR ML K &% 1 14 BE
1 REHER
L1 RSB

FZEE 1R B 2 MIMO &58. BEH Nr
PEFREM Ny MEWRRE (Ne=Np) o 768840 Z)
Lils RGEEM N DFFS, XEEFF S —4 Np X1 A
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s [i] = [so Lide s Lids wew sy LalD0 g o
TR E . RIS s (] @i FE G E R AT,
fESTERC A N DR EANHLAR IR IR . BB W5
G —A Ne XV & e [ = [ Lids o iy ey
ry, L0, A

rli]=Hs[i]+v[i] [@D)
b NG e v (3] 0% 3 5 B % o 0 3
hr 280 E (v ] v" [} =oll, HHPE [+ ] FRK
B, CoOF BEKRER, o) N2, I RRAHHE
Mo fromss L] MBERNE, hr28EE (s L] s"
L]} =oll, of AfES IR, Ne X N, [FEHEEH HITHR
P, R RE T N 7 AR REEENE e MWK LN K (FH
Mg Ji7

A%
iiggs
1Y

N, N

T R

z[i]

L) geara peotl (21 g P

B1 A 2 ) 2 i R 2 G D T

1.2 ZEHEBERARENEARNE L
BRI 20 ML RS2, AP Rk R
swli] = arggn}in | r[i] — Hs[i]|* (2
Krf, AR N WY EE RN ES . MAEN KEHEREY
T A B MR R e BB T ML A R A S5 PR
N s MMSE 25 M 6 ) #4532 78 42 Wb o 43 885 R 9345 5 1 —
TolRE X BT B MK X R AR MMSE #E 3% 31— 4> Ng
XNy ZHOEME W, MMSE 38255 BE W iR F LT
A BB A«
JW) = E{|s[i]—w"r[i]]|*} 3
WAL (3) XF W R B IR T — A F
M, 3EAF 3] N X Ny MMSE Ji 5% #4556 B -
w= (HH”+§1) H 4
2 RHKZ 55X SIC &l
AR FER R A SCIR 1 MB-SIC ¥ 28 . e o7
SV R SRS 2 R DU v SR P A 3 A U
T 7% .
2.1 {2H Ay MB-SIC 4l 25
A SCHE BT MMSE SIC SR ¥ 1 fr 42 H i MB MIMO
B2, P MMSE ffi - 25 0 % A R Eae, 5% b
Sy PR, HEAG XAy 3G 8. $2 4 8 MB-SIC
FSE 0 4 2 AE SR FHHE 7 5 2K 19 2 A TR 9% 47 43 3¢ B R SIC,
QUL s i 2 I 1 D3 1B O o A - W e SR
flittm ., e MB 458 09 K b 5 — 445 5 46 1 1) & .

P 2 FT 7% R A SCHR H A9 MB-SIC #6025 Y B ACHE P

Eie
] 72[i1° —
e R N N e N T org EEL

N X1 : : CEENECZN

P2 42 Ay MB— SIC A ) s ) 8 (A 12

&l 3 s B4 (4> SIC 43 X HE B & S, TR iT &
FRN

2., L] =W/ i, L] (5
Hp,
r.lil=rli] n=1 (6a)
H =TH (6b)
rlil=rli= > HOsLL] n=2 (6o
2 —1
W, = (HC,H/:’+"—;;1) (H), 6d)
o8
siali] = Q= LD (66

A, (HD, 7/ H 15 5], H, Fm5@ e B H 5],

n+1, ct NT ?@?UE"J%@[@, Q ( ') %‘%m%{t[‘ﬁé&o
rlil oAl z,,Li]
L]
NRXI lL—ll
+ -—
4 'y e QL]
r,, L] 7,,L1]
| S
"
P J— el
£, L]
i EIN [i]
rl.NT[l] “’LNT[I.] T

B3 R JHAR A RS2 B 55 1A SIC 23 SR S B 45 4 4]

BT R A MB-SIC Z5# 6 & 55 5. X F a4
O3S R I SR 4R M MMISE 128 A5 5 72 U0 B ok 5
2 [i]= [z Lidszin[idsee sz L0 Horb 2 [ R M T4 L
AN Ne X 1 HER A S At m i, 4 s, [i] = Ts[i] =
Csialidosialids e sin, [il1" FRA 4R B 2 38 oo 728 #0401
T,(0= 1, L) X RFFF54E sLi] FTH P 1 —FhHED] A2
B T,(L = 1, L) XRLFE L A5 3R A HE P AR L
Hop T, pAEATRES A& — A 1 E Rz L] ERIEH T,
iff 2 P G A ARG I g o PRI DR T R R e AT B A 1) i R
BT, 6 2, Li] S dh 2, [i].

z[i]=T,"z,[{] <)
2.2 HEEAM

Jr$E A MB-SIC & I g5 AR 4 20 (8) & 5 {1 45 AH N AR

HreREk J AR 3
Loy = argminJ (/) (8)

1<i<L
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fi e A 2 1 755
s,[i1=Qz, [iD (9)
HR B AS 5] 0 107 9 3R> AT LA SR L AS ) A o 004 S 3 %
F e i B B A A IR RE Y 43 3
2.2.1 ML (Sif/MREBEE) N
ML WEN] 4 T e /N BR EC R B e D AR R BN -
T (D = ||r[i]— H5,[i]]? (10)
TEAETEME BT MRS BLT . ML fE I 78 3 28 7] 32 of B o
A LSRR AP PR R . (RSB A TR B AT R A
2.2.2 MMSE i
UEEE B AT B, A MMSE #f 0] 5k 356 85 06 & 5t
TR I IRE RN 30, HARMBECH
Junse (D = ||s,[i] —=z,[i]]* (1D
Arf, s [il o R Ao S BE SR 45 5 Al 3. A
MMSE i ] 25 57 3135 22 1% 46 11 B2 4
2.2.3  fEBIHER
[E#E (CM, constant modulus) 27k B 7 H & 8 ¢
SRS TS B Bk )92 B A . CM e ) 2238 & /N 1 AR A
PRIEN :
JeuO = 2" =, P =1 (12)
X FA5R QAM X BE AR AR R )AL . AT DU — A5 TE 5 5
LEEABERX 2 MR,
2.3 HFAR
A 5 B HE R O A3 A YR HE Y 7 5ok ¥t 4R
RO ] A SR S SR LA HE I B IR AT 4 S
A L — A5 Al T 1 i WO AT A OB LS A R
S RIRHEF R IATHF B MR L=N .| TRz
Ho PhAX4 RGHF, B 4 FiR S SIC &l #% 9 al LR H
M HEP R, BRHET r £ 24 FHEP AT, X F
KPR RGO T E 0, FERE M N, AR K, B,
W B AR ARG F bR S B HET &

® 2
s
&
£ 3

4

AH P I R
V-BLAST AR
123456 . 15 24

K4 —A4X4 RGBT T EZ R B R

e, RS 3 R UCUEHE Y Or SR BT AR T
EREANTRER H T & AR 8 BE S B, X 3 Bl kAL HE
F¥ 75 58 I (I Hk Py O 58 4 v B RE Lk 1 4R . AR LR I

P eI (K SINR END HEGr 1y s ety o &
H]7E Matlab # il i3  J] PERMS (N,: —1: —1) 183,
Bl 4 TR V-BLAST WUy S i HET Ty 2 5 b i 5 —HE 7
(RS D,

2.3.1 PR (PSP)

WM, (PSP, pre-stored patterns) J&¥% % —1>
Oy RFERE T, SN BAHERE Iy, OR$E T, = Iy, AT fl
WO EALHET . A 43 3 HE BT LA R O

I Ocn,—

b= [O\g o olIv ]

K, 0, FR—DmXn i) & 05, BRFS [ -] £

S EE R T R LS e R, X AR B AL R N T R

AL EA 1 R, 3 HE AT R HE Y AT
AL -

] 2<I<N, (13)

s=U—2) 2<I< N, (14)

TERXAHEF I . 0 S80S T R AR
2.3.2 MUEHEFE S (FSB)

PR 4y (FSB, frequently selected branches) &
P REA IR A — A, DA & R R RE LR 4y
KHEP B, O TR RS A, e A e AR
MG ER . SRE IR A T RERE R L A4 SOk
A . 1 iz LB . o de FoR 2l
BEA L HIRKICIE B R M B, N, BRI RS B8, Lag
SCRAE R SEY R L8 2 300 Ly Jyidiid PERMS (Ny: —
Lo =D HHEAR MR F RS A, Bl 7 aE
N MR FA A REHE I MR, B8, ERIETH,
ARG 3 L MEKIREE B 2 J5 , 7E 3R 10, 877 L Foh
R LGER B 1Y 4 AP A Lo BJE s ARYE Lo U8 1 5500 %
PEFER L A0 SORAIEE FSB A Legs o

B¥k 1. FSBHEF %

1.dy<NULL, Ly, <NULL, Ly <NULL

2. LNy, <1

3.Ly,<PERMS(N;:—1.1)

4. for n,=1 to N, do

5 for /=1 to L,, do

6 T,<L,(D
7. §,[i]<SIC(TH)
8. delt)<|lrli]—H5s,[i]]
9. end for

10. Li, (ne)<-MIN_Index(d:)

11. end for

12. Lysy<-SELECT(HIST(L;, ) , L)
2.3.3 HFEHEAFE (LPA)

B T AE R ] FSB 3k 2 1l 4 280K 1Y T E 4
B Y — TR SR A ST vk, BR 2 O A R Ky ik
(LPA, listing patterns approach), f% {518 23 F &MY,
— BAFHE R A A, 8 B B — A B A RO B
A, I M OL T $2 th T LPA 53 35 ok 52 BUAS A 1)
TELTER . BRI INmEL 2, £#EMES L, A
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MR P b R e L HE e O 58 T AR5 — Wil th 95 25 4 R P
AATRERHER . AR5 S0 AT LA HE R, 7R TR
A Lips s (AN R BUR/IME . BU/5 . 82 SR F SRS /Y
A Lop A6 D0 R T AT, B A 5E o Ik .

Wik2. LPAHRFIT#E

1.d:<NULL, L;;,<NULL

2. Ly <Nz, I<1

3.L,<PERMS(N;:—1:1)

4.for ;=1 to L,do

5. if ;= =1 then

6 for /=1 to L,, do

7. T, <L, (D

8. s,[i]<-SIC(T,H)

9 de[ < | r[i]—Hs,[i]]
10. end for

11. Lyyy<SELECT(d; ,L)
12. else

13. for /=1 to L do

14. T,<Lypy (D

15. s,[i]<SIC(T,H)

16. dp[1]~ | r[:]—Hs,[] ]
17. end for

18. end if

19. end for

3 MB-SIC ¥l 28 19 B iE M K2

T BEARAR R R ARk S A B O AT R T L BR
s, FIEEET RLS SE 48 W — b eEe bl g I 2% 19 1 38 I 52
BRI TE A .
3.1 EKHIRIESRE RLS EiEHEM KN

AATH R RLS Bk A9 B 3& B SIC B F LAY 43
Srp, B S R SR A E N SEBLN A > SIC 43 7 R B
S, B TTAEAE 2 M, R BRI, 58
TR R e T e AL B D AR OR R U ML T 0 N 2
FPols (1] #EA7U5k. B X — A F R T LI, &
SR E RS RS 5 IR A R A . KK
s L) hEEFAS . HASRE, FIAMTIiES: W,
L] FRE LA (Netn—1) 4ERUEmE. r, [{]
TR n DRIV A, 5, [ BRE 0 AL
MR, K ae {1, 2, -, N¢}, Ts [i] %%/T
5 LA RN 2R A *&‘?ﬂﬂl'ﬂf?ﬁﬂﬁﬁ?*ﬁﬁ T, e, 1
e EGET 5,0 € Tisli] %%%Ulléfﬁﬁ%,ﬁﬁﬁﬁfﬂy%
S s T 5L L] RS QLD B, Lrkukk
A AT LR R N

2, L) =wiLidr, [4] (15)
Hrfr,
r i = rli] n=1
rli)=10rl_[il,s., 0] n=2,...,N;

K A5 FRBUE R W, [i] A7 5 SR AR v D

Z3f (least squares, LS [ 2], HA&MF., HAHEEK

(16)

7 LS AUH s 8Oh -

LUl =20, xtsolil—wilile L] an
i T, Li] S/ S DAl Sk AL AL 1] 2R
w,[i] =R [ilp.[i] (18)
A, R, L] I ESF AR, & S
R L] = >0 A v, LRl k] a9
pr, L] O EFEE A SC &, & Lh
poLil= >0 A7 [R5, Lk] (20)

BT, X (18) H A AE T LA RLS & ki
5, BEET .
&, [0]=06"1 (21a)

TSR ST Peat
o T TR e L ]

&, i]=2"'®,i—1]—x"k, [ilrl [i]®D,.,[i] (21c)

w.lil=w, [i—1]+k,[iex,,[i] (21d)

K, o RNER ko, Uil A LA R R, &,
(i) Afhiize, & LT.

gLl =50 —wiL i, [d] (22)

(21b)

K, (o) = FoRLHiEsa.
A m“m
é Sll[l]
r, [1]
T,s[i]
B 5 SR H &N S ES LA~ SIC

43 31 5 L4

3.2 EHRENW

AR HEF RLS S MB-SIC A5 #5 55 3% 1 A 31
HEP CRA RLS W& MM 4. RA RLS 1y V-BLAST
1 SD) Eﬁniﬂn%%ﬁﬁE@iJr;%;E,J\ELﬁéu\ffﬁ mk 1
Fim. AT, 25T RLS MR M A IR E 2 E R O
(N>, V-BLAST fyE 24 O (N*), H ' N = max
{Nrs Nebo 20508 KRG o R B o i DA R F B
ZRLN (U1 16-QAM Hl 8 X8 &%), SD M 2 Bl &5 -
MASCE RN E 28 2B AW, A SDMERESA
JER/NM R d 475, B4R d RSB b 5 sy
B
3.3 EEESNHT

ARATRE R A SCHR B SR AT R 22 A R (BEP,

bit error probability, Bl & FriiaYizig % (BER, bit error
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F 1 AR 25 R
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Fe ik nik
21 MMSE-RLS AN%+4Ny 3NE+2N,—1
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AR — P, UM BSAES o LRI E] s [] #95R n
ANTEHE s, Lile AREIRHA] SIC Wi BEP Jy .

p.= L3 p, (30)
INT

K, P, FoRTERIE n ASFF5 0 H A ISR, 25 1R 3 25 3%
TERE W2 B P, BRS i 26k R ARMEM . X BLOR A —
TR B R AT T X A . AR AR T A

P, = 3" 'Ple,|E”}PLE™) (31
K, N, =2""'"MHEFEEHMFE” HEPIUL'E”) =
LR EY S —4 e — D 4ei it e B R
FESS m A IE R BN 5  MICE o)) S 0. W 1,4 J5 i
W LAR B e S — N T i R R (n— D
Hep i & 0 = 4 ARSI XA E N, —1=7,H "
= [1,0,11" F/RZEMHEENBIE—AREE 3 755 w4 iR b
R 58 AN A5 5 Bl R B RS I L O T 4F s B A Ple, |
E" ) (S Ll n = 4 R Ple, | E&V) R L2 FH A
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