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Introduction

B |oT applications in 5G system require massive connections and low latency
for wireless communications.

B Non-orthogonal multiple access, or so called NOMA technique, has been
proposed as a promising technology to meet the requirement.

B Sparse code multiple access (SCMA) is one of the famous NOMA
techniques. Developed detection schemes include

B Message passing algorithm (MPA)
M Expectation propagation algorithm (EPA)
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System Model of SCMA

B SCMA
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System Model of SCMA

B SCMA
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System Model of SCMA

B Uplink system model: B Factor graph
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Algorithm : EPA [8]

/I Initialization
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Conventional EPA

B Conventional algorithm

(0) _ (0) _ 0 _ o) _
iemy-j = 0gemy~j = b = 0.5, = 1LVkn
for t=1:1// Iteration
for j=1:J // VN calculation
® ®©
Compute ;5 g,y and &5 1y by (1)
endfor
for k=1:K, n=1:N // RN calculation
®) ®)
Compute Hkimy—j and E(k )] by (2)
endfor
for j=1:J // Posterior probability calculation
Compute p©(x;]y) by (3)
Compute u(t) and & (2 by (4) for m € x}
endfor
endfor

R(k) : users associated with resource k
V(j): resources associated with user j

* Equations:

Eq. (1) L
jo(kn) ~ E(t 1) E(t—1)
(kn)—j
t-1) , (t-1)
® £®) ik~ Haen-j
Hjsten) = Sj-kn) (D D
j K (kn)—j
Eq. (2)
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CI ®_ A O )
Hlem~j = hg’i) (yk LeR(k) 1 %] i (i
1
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F’(k,n)—q |h(n) |2 ( IER() 1% | | El—>(k,n)
Eq. (3) ( .
1D K
p(t)(X]|Y) x HkEV(]) kn—>](xj k)' I(xl,u, E) 28
T
Eq. (4)

K = Emp(t) (X = Cm|Y)cjm

52= 0. P00y = mly) | ey =2
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Conventional EPA

B Conventional EPA flow

VN calculation: RN calculation: Posterior calculation:
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Proposed Convergence-Aware Based EPA

B Proposed algorithm

Algorithm : Convergence-aware based EPA 17: for j=1:J // Posterior probability calculation
/I Initialization 18: if (User Termination)
Lo u =08, = =06 =1vin |19 pOGly) =P 1y)
2: for t=1:1// Iteration 205 else ©
3: for j=1:J // VN calculation 2L Compute p (x]y) by 3)
4: if (User Termination)||(Antenna Termination) 22: endif o
: ® — 1D (O _ -1 23: i O(x;
5: H e = 1oy € em = €y Vi Check if (¢ > Iyser) && (p (x;]y) > Quser for User
6: else Termination
7: Compute x© . and £9 by (1) 24: Check if Tyer(j) E](.Q(k ) < Qane for Antenna Termination
Hjo (i) joen) Y - il —
8: endif 5: Perform Codebook Reduction and obtain x;
o: endfor _ _ 26: Compute ugt,z and E](t,z by (4) form € x§
10: for k=1:K, n=1:N // RN calculation 27: endfor
11: if ((U)ser Termi?atli;)n)||(,?r)1tenna Ter(mir;)ation) 28:  endfor
12: t o (t- t L (t- .
Hicnymj = Femyp Stem»j = Stemyj V) Parameter :
13: else ) .
14: Compute u®, . and §© by (2) * Qyser : Threshold for user termination
o —J ol —J . .
15: endif * Quut : Threshold for antenna termination
16: endfor

Q4cc : Threshold for codebook reduction
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Proposed Convergence-Aware Based EPA

B User termination

_ 23: Check if (t > Iyser) && (0P (x;]y) > Quser for User
» Termination
*ﬁ“}v Yy iy 4
pt i A . .
A 35 for j=1:3 // VN calculation
*”j/ 4. if (User Termination)||(Antenna Termination)
u 1 A
= Pg 10:  for k=LK, n=L:N // RN calculation
11: if (User Termination)||(Antenna Termination)
B e . 17: for j=1:J // Posterior probability calculation
18: if (User Termination)
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Proposed Convergence-Aware Based EPA

B Antenna termination

— 24 Check if X e ) € eny < Qane fOr Antenna Termination
E@a‘: 2 3: fgrj=1:J //VI_\I ca_llculation o
Pﬁ*/,f’f,f/f’f,f’ff’ff E 4: if (User Termination)||(Antenna Termination)
< L
‘i,/ 10: for k=1:K, n=1:N // RN calculation
i ""f/ 11: if (User Termination)||(Antenna Termination)
o
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Proposed Convergence-Aware Based EPA

B Codebook reduction

VNs 25: Perform Codebook Reduction and obtain x;’
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Simulation Result and Comparison

B User termination

* Parameter:
e [ :iteration time
Iyser @ iteration constraint
* N :number of received antennas
Qyser - threshold for user termination
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Simulation Result and Comparison

B Antenna termination

* Parameter:
e [ :iteration time
* N :number of received antennas
* Quut - threshold for antenna termination
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Simulation Result and Comparison

B Codebook reduction

* Parameter:
e [ :iteration time
* N :number of received antennas
* (Oycc : threshold for codebook reduction
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Simulation Result and Comparison

Algorithm

B Proposed convergence-aware based EPA

o =4, N=4, 1, =2

E Mul. Div. Add.

_ . 14784 4632 20184
] Conventional EPA (100%) (100%) (100%)
o -~ ok o By |
i 8207.6 3629.1 15777.7
® Qyser = 0999 luser =21 (55500, | (784%) | (78.29%)
Qyser = 0.999, 1., = 2 54924 2464.6 9465.3
Il 70999, 10, =01, €1, =099 S~ Qe = 0.1,Q,. = 0.99 (37.2%) (53.2%) (46.9%)

107 | —0— 0 ge,"0-999 . — -
ﬂuser:l}_ggggl ﬂAnt:U'1' QABCZU'BQ b QUSET = 09999, JUSE,’T = 2 :}5461 25138 95 42
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Conclusion

B The proposed convergence-aware EPA contains three termination
schemes.

M User termination
B Antenna termination
B Codebook reduction

B Complexity reduction is achieved by stopping unnecessary computations
for information update. And the simulation result shows that the
algorithm only needs 37%, 54%, and 47% of the computation complexity

in multiplication, divisions, and additions compared to the conventional
one.
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