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Channel estimation method of SCMA system based on
orthogonal superposition
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Abstract: In sparse code division multiple access (SCMA) systems, because multiple user data are superimposed on the
same subcarrier and the channel conditions of different users are different, accurate channel estimation cannot be
performed directly. To solve this problem, a channel estimation method for SCMA systems based on orthogonal
superposition is proposed. This method uses the sparsity of SCMA codebook to design a new pilot structure with multi-
user timeslot multiplexing, which can ensure the orthogonal subcarrier resources and reduce the timeslot overhead of
pilot resources after the same timeslot is superimposed on the pilot data of different users. On this basis, a pilot
structure of local orthogonal superposition is proposed, and the channel fading coefficients of adjacent subcarriers are
estimated by using the correlation between subcarriers to further reduce the time slot overhead of pilot resources. The
simulation results show that the channel estimation MSE performance of orthogonal superposition method is improved
by 3 dB and the local orthogonal superposition performance is further improved by 1. 7 dB compared with the traditional
method under the same total time cost.
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Fig.4 The pilot structure design of the existing research results
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Fig. 5 Orthogonal superposition pilot structure of multi-user slot multiplexing in SCMA system
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Fig. 6 Local orthogonal superposition pilot structure of multi-user slot multiplexing in SCMA system

R 2 R 47855 2 AT IS Sh .

yia(p) = hiri+hiri+n’(p) (14)

FXADWAXADFHH T 4 EH 1 ADF B LW
{7 A A -

X F i)

hl, =+———— (15)

| ri |°P

F T AR A0 T R IR 15 38 R T AR B0 I R T
M2 4 655 156 2 F3k b A9 5896 R B0 AR L JL
A LT AR B2 b~ bt oh ! R A AR
RE AR (1) AT AR P 2 2655 2 A T8 b 013 8 4
THE

20 D) =]

hi= — (16)

‘ Yy ‘hP

TR 2 U 3 7EAE 3.4 4 T80k b s A HE 5 4

2 Wit B b 4% P R4 F 3R b A A5 T A T R 5 kR L

aMA§%Mﬁ%¢mP%ﬁaamwmﬁ%ﬁﬁ;%?

ARG T R e R IR R L T (A
HO D T 48540 RO B+ LOS 97 1 o 44 i £ 38 A
wmﬁEQWE%m5;3m$ﬁﬁmﬁWW%ﬁmﬁ
. K+2 .. R " "
SRBER R ARIR N 2, A A T

3 SRWAMH

3.1 SBEH®
AR B R OS J5 B M LOS 5 ik, Fl A
MATLAB #3705 H K a5 B A5 B & 5

ﬁﬁﬁﬁfﬁ%@&ﬁ%&ﬁﬁ%ﬁ%ﬁrawm%%
R AR R SRR B 1 R
E, . .
%MA%%W*SE%%%f§ﬁ:

_E, Jlog, (M)
SNR = NT_._ 101g(T)

Exf 2.3 I LOS k.8 T hi 5 05 FERTE A G

an

. 13 -



8547 % v F oa ¥ o K
x1 BHILE 3.3 EEMITHATRELEST
Table 1 Parameter settings WENA RN INGT IS KE Py 100, Z# R R
¥ SCMA AT ERECH 5 000, tHX R 5 o« A 1, FIAZERIEN A
T 6 St AT 7 e AR SCIR N OS k5 LOS ik iR
TR K 4 ZVERe, HF B4 & 8 frw .
SCMA il By #x M 4 o WA H %
AR 0k S B vk * —— OSHE
SRR HR B Q 5 000 — i LOSH - T-ER S
SCMA FH5 %8 Log-MPA . —o— LOSHE-THB M

PERM NI Ir iR 25 ERE . & L EE R h, KR E o,
a € [0,1], & AHR P AE A 48 F 200 L= R
A
hi=ah+ (1 —a)m (18)
hi=ah+(1—a)n (19
Hept, homon WEZHEFREE R m.n ~ NO,1),
5 L P TR A bR A A R L L A B D 107 88 25 (mean
square error, MSE) , & X .

Q -
MSE:éE \h—h|* 20

Forh, Q WEFERIBTEREL.
3.2 BEEEERSF

Bk SCMA RGEATS5 H A K 10 k Baud, B4 5 7K
2 2 bit, A3 100 ABF B, A B BLAZ i 100 455, 8
BN 1 s, B 6, FEIEAN BN 4. 2.2 0]
VPR 7 R A 8 A R B 6 AN B, OS T ¥k 10 15 A
TR E 3 IR f 2. 3 AT LOS 5 ik (R il Al i 2
2 AN BRI A 7 . OS J5 i e LOS 73 H FAEHi 5
A5 R EBR 4390 R 94.97.98 4~

XF 3 b7k AR B R AT 07 B X L i 7 R
ME R AR AR R OS k5 LOS FEmfE R
BRI E T A A E B R, H LOS F ik 8%

I 5
20 -
19.8
L, 196
&
#
N 19.4 ¥ 2
it ,
m
& 192 L / o— A ITE
’ oSk
—a—LOSTTiE
19 t
188 s s s s s s :
100 150 200 250 300 350 400 450 500
S BRAN B A
B 7 A HE.OS kS LOS k(s B L

Fig. 7 Comparison of information rates of existing

methods, OS methods and LOS methods

o 14 -

3dB
<

0 2 4 6 8 10 12 14 16 18 20

SNR / dB
K8 AT HE.OSINES LOS Irik ik 2 & e xt Lt
Fig. 8 Comparison of mean square error curves of existing

methods, OS methods and LOS methods

B 8 w1, LOS Jy kAl 1Pk e 4 oA F 2% 3 b - 7
LB B TN LR 1A S

AR BL XL 2.3 5 eh A AR PO T A 2 A

PN ST (1 B R 2.3 T hl, R
ASCH I OS I k15 LOS J5 i 5 A 7 8 M L A7 3 5
AT BE. OS kML T A FikEwiEA T
3 dB,JE & OS J7 B M T 30 J7 1 I BT 44 98 20 —2F
T S B 18] 8 AR [ B4 4 R B B BE AR T T — A% U R F
IS KRR T — % Wy iR E R T
10lg2~3 dB, iE B H 45 R 5 HIg W58 — 3. 7E UL LAt
L LOS Bk Fak sk K T OS ik R T
T 1.7 dB,LOS Fik—TF#EZ A P AT OS Jriktk
REms 2 (A A T B0 A Jy ks IR R T 3 & o A o 1
TEA T LAAR 88 7 0k B P A (R A A S T AR 4P
TR At P 5 A TR 2 S U AR 22 .

X LOS 7k, A R o 4 A B 0.9.0.92,
0.94.,0.96,0. 98,1 i}, %} LOS Jr¥E—T 3% Il & fin J o it
05 B4 M, B 9 Fiom . NI 9 Hrnl U H - 76 {5 e L AH
[l B 3 K G 2R B o G L AR A0 20 I8 1) K G P B L 1 3 A
HPEfE AT
3.4 RFIRBWEMRESH

YEIPFNREARFF S KB P 20 BUE 10.25.50.100, 43
Broe 3% CSI &M T M OS I kA W2 ¥ 90455 K B 4%
PFF RSB A TR S R M GE L & 10 B, IR el 1A
B IR I45 5 1 2, TR0 S B, B S T 58 26
{5 AR SAE B AT 1 SCMA R SE ik i R fE



ok R & A FERE M SCMA 2 %Az 467 5 %

5519 W

g
s
10°
0
SNR / dB
Ko AFEMERE « F LOS HE—TFH Ik
B N P X iR 22 i 2

Fig. 9 Mean square error curve of LOS method subcarrier

superposition user under different correlation coefficients a

10° -

—a— 553ECSI

—o— OS 75y :P=100

107k £— OST v :P=50
—+— OSTi% P=25

—— OS5k P=10

3 s & 10 D 1
Eb/NO / dB
Bl 10 AREIZGFIFEARGSKE P T OS FikiRigRM%:6

Fig. 10 Bit error rate performance of OS method under

different training sequence sample symbol length P

BRI GRFIVREALT S K P 24 100, 5307 5 € CSI
FAF TR LOS J7IEAEA [ 8 & A B T A5 3B Al i
AR RE . A A 28T B AR C R B o B 0. 99 (8] A N
1T R B0 R 0. 98, ARG R 2 19 F 2 B AH 6 R
B iy 0. 97, MU & 5 Jr B IE A2 B A5 K, P 3.4,
5.6 ST B P B, T 1.2 D s & i
(I RARS | B TR N E DA 2 7 NN O s = -2 Y R W 1
2 AT R B R RIERE N 11 Pros . E ]
VL H 7 05 5T P 0 A 4 P R i B AR IR A
RV B 00 1 2 I R A R BE AR XS 22, LOS
JIE B RE SR

10° -

BER

—a—5535CSI

—o—LOSHT - Bk
10 —4- LOS TR S /-
—%—LOSH%-FH B I
10750 P 4 6 8 10 2 14
Eb/NO / dB

B 11 LOS J5¥iR i R 6

Fig. 11  Bit error rate performance of LOS method

B SCMA ZR G828 & in 22 4 P Bt B
ANE PR B AR AN, J0 vk B3 il A7 15 AL X —
T N R B S i <9 | N DR B = K TR W R S RS
FIH SCMA RGEMA W G, Bt 7 2 P i B 1
SARGE R L A [ P A S5 AURCHE A ) B s S 473 e
% PR ALE T 2808 B JR AH IR 22 L SRR R AT LS SR X &
TE# T #0 F 15 18 5278 R B AT Wi i (5 B A . 7
IR b — 20 ) T AR & T 00 ) i AR DG P, et TR T
Jey P8 TE A2 B SN S AL L R 1 A8 B P S B R Bl
105 18 22 9% R A0 1 i ATl 1A 48 2000 & m A
RI8, BE— 25 BRAR T (5 JE A TH 3 0500 BT 4 L 5 EL9C 30 06
WET BRIk mmT &M . 5T iR S5 2277 2 SCMA &
i R Gt I PR AL B S . R OE 22 & N Y S A
5 R A AR 4 - 28 D A G 1 A i b A R Y A 0 A T A
PERE 5 22 T B — A5 0 50 AR G A 55 I RS 0 £ 3 Al
Jiik,

&% ik

C1] kS . 11 JF IE 22 2 bk A ) FSO-RF iR &

HEB T P WA RS e A AT (. B Ah I R OR
2022,41(5):26-30.
ZHANG K P, YANG Y. Performance analysis of
outage probability of hybrid free space optical-RF
system [ J . Foreign Electronic Measurement
Technology,2022,41(5) :26-30.

(2] {a[H& R, K& 7K % . Farhan Ali, 5. F 35 % OFDM & 481
A 458 £ 3 79000 F 5 (T ). B 0 o A5 A 2 4R L 2021,
35(5):100-110.

HE Y G, SUI'Y B, FARHAN A. et al. Research of
the time-domain channel prediction for adaptive
OFDM  systems [ J .
Measurement and Instrument, 2021,35(5):100-110.

Journal of Electronic

e« 15



£ 471 % v 7o ¥ o3 A

(3] 2=, MR, A0, 55, AR IEsC 2 hkHe A T i 2 1 8037-8046.

FUR I T B[], VG L TR K2k 2R, 2017,44(3) . [12] HEOJ, JUNG I, KIM T, et al. Channel estimation for
151-156. uplink SCMA systems with reduced training blocks [ C .
LI Y L, CHEN X, ZHAN D M, et al. Method of 2018 TEEE 87th Vehicular Technology Conference ( VTC
sparse multi-user detection in non-orthogonal multiple Spring), 2018: 1-5.

access[J]. Journal of Xidian University, 2017,44(3) ; [13] WANG Y F, ZHANG X J, ZHOU SH D, et al. User
151-156. detection and channel estimation for SCMA uplink

[4] Bk, B4, B F o4& i i /F NOMA R 4% 4t system in dispersive channel[C]J. 2016 IEEE International
BEWFFE L], M7l AR .2022,45(10) :26-32. Conference on Communication Systems(ICCS), 2016
QIU B, WANG W. Security performance of 1-5.
cooperative NOMA system based on SWIPT [ ] ]. [14] BRRFH,EHEEE. SR H 4T SCMA 4 3T B 5 45 25
Foreign Electronic Measurement Technology, 2022, M R AT TEAG T[], 48 M K2z 243 CA SRR 24 /D)
45(10) :26-32. 2022,50(4) :468-474.

[5] REBHI M, HASSAN K, RAOOF K, et al. Sparse CHEN CH Y, GUO L T. New pilot structure and
code multiple access: Potentials and challenges [ ] ]. channel estimation for uplink SCMA system [ ] ].
IEEE Open Journal of the Communications Society, Journal of Fuzhou University ( Natural Science
2021, 2. 1205-1238. Edition) ,2022,50(4) :468-474.

(6] #—k.RNLZRA % W) S5G IR ERL ZHE$ C15] s, &3 XA, 45 5T 9 45 S 6t 1) 4 i B 43 22 ik
AREEALT ] L L {5 H A ,2020,46 (1) - 26-34. A HARQ J7 &[] . #5244, 2022, 43(9) : 57-69.
YANG Y F, WU G, LI X R, et al. A survey of non- LAI K, LEI J, LIU W, et al. HARQ scheme for sparse
orthogonal multiple access technology for beyond-5G[J]. code multiple access based on network coding[J]. Journal
Radio Communications Technology, 2020, 46 (1) on Communications, 2022,43(9) :57-69.

26-34. [16] . EAKEE, B4, 5. Mui i 2 k52 A 2 1 P 6 0 55

(7]  HOU ZH Y, XIANG ZH. REN P, et al. SCMA ek L] s 7 5 8 % M, 2021, 43 (10):
codebook design based on divided extended mother 2757-2770.
codebook[]J]. IEEE Access, 2021, 9: 71563-71576. LEIJ, WANG SH Q, HUANG W, et al. Survey of

[8] VAMEGHESTAHBANATI M. MARSLAND I D, multi-user detection algorithms for sparse code
GOHARY R H, et al. Hypercube-based SNR- multiple access system[]J]. Journal of Electronics &.
adaptive multidimensional constellation design for Information Technology.2021,43(10):2757-2770.
uplink SCMA systems [ J]. IEEE Transactions on [17] DEMIR O T. BJORNSON E. SANGUINETTI L.
Communications, 2020, 69(1). 121-132. Channel modeling and channel estimation for holographic

[9] JIAO J, LIANG K X, FENG B W, et al. Joint massive MIMO with planar arrays [J]. IEEE Wireless
channel estimation and decoding for polar coded SCMA Communications Letters, 2022, 11(5): 997-1001.
system over fading channels[J]. IEEE Transactions 1EE BN
on Cognitive Communications and Networking, 2020, i S R e e s =Y [ I = gyl By S B R SR e
7(1): 210-221. 56 EAR ZHBPBERFEHEA.

[10] THOMAS A, DEKA K, RAVITEIA P, et al.  E-mail:lxtrichard@126. com
Convolutional sparse coding based channel estimation EETCGEMEEE) WA, TEWE F N h 2%
for OTFS-SCMA in uplink[J]. IEEE Transactions on WBERA,

Communications, 2022, 70(8): 5241-5257. E-mail:2930640318@qq. com
[11] HEO E, KIM N, PARK H. Sparse structure-based &k W A S, EENIE T RN E 2 Mg E

channel estimation for uplink SCMA system[]J]. IEEE
Transactions on Vehicular Technology, 2017, 66(9):

16 -

LMk % KB 5L
E-mail:1003671216(@qq. com



