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Algorithm 1: Proposed DS-AMP Algorithm

— Nd
.¥s] €CY, the channel
JHy] € CYVEN) and the maximum

Input: The received signals Y=[yi,...
matrix H = [Hy, ...
iteration number Tj.

Output: The set of active MTDs €} and the reconstructed media
modulation signal X € CHNve/,

I: Wi, g, k,n We initialize the iterative index f=1, the activity
indicator a} = 0.5, Zy = 1[¥,],. Vi, =1, the noise variance
(cri.} — 100, the reconstructed s1gndl X =05, [}q\ Jl =
ax Zs; M N, and [\.“] = a}. Z |s|? /M N, — |[xE J,- E

2: for f — 1 to 7u do
(3 % AMP operation: N\
4. Vi, j, k,n: Compute v js an @;_3. and -rf!_j by using (20),
(21), (13) and (19), respectively, where | = (k — 1)N; +
i: {Decoupling step}

Wi, j, k,n: Compute [}?i"’}l] and [x k"'l] by using (16) and

5
& (17). respectively: {Denoising step} 44
i
7

% EM operation:

Wk: Compute (o) ™" and a;c_l by using (24) and (25);
cnd 10T
'} % Min-max normalization: )
10: Let &4 = & min(&) where & = [dy,...dx] =

max{a)—min{a)’
[ar" La;’| , min(-) and max(-) are the minimum value and
maximum value of the arcuments, respectively: Y,
: e Extract the active MTDs and their MAPs:
12: ¥k: The set of active MTDs Q = {k|[a], > 0.5}
Ty
13: Wk, j: n" =arg maxge ] [xk_'j]
14: ¥k € Q,¥7:

i

The reconstructed signal 18 X[_1yn, 47+ = [i?}} ;
TI“
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® RS SE 43
KSR (State Evolution, SE) 5341 Algorithm 2: State Evolution of DS-AMP Algorithm
>j(,‘?§ %*&BET SE_J- l'/LTE:I )HIJ fﬁgll‘i Be Input: The noise variance o2, the sparsity level A = % the

number of MAPs N, the frame length .J, the order of the QAM
modulation, the variance ~ of the elements in the measurement
A , o1 - o . . matrix, the_ nun}ber of Monte Carlo sil‘nulations Nwuc., the max-
>SE€|:| Il:l:ll T{%{E}‘l"{ﬁ -tgﬂlq i’)__l 1Eﬂ§[| H%jg imum SE iterations Tsg, and the terminal threshold e.
Output: The theoretically predicted MSE €.

2 oA & I: Ym € [\Mc] Generdte Nwuc realizations of the transmit signals
: _ T + "}'IX _-'1\',56.’ X™ e CENtxJ “according to the a priori distribution in (9).
rg = o+ N ~ 2 2: Vm, k: Define el = Onyex1 and v = Onyex1 to record the

Ny | predicted MSE and average variance of the m-th Monte Carlo

9 ) realization. We initialize the iteration number ¢t = 1, the predicted
it T, T jﬁﬁ A"fi?t MSE e! = 1, the average variance v' = 1, and the activity
Dy =~ N ~ indicators for the m-th signal realization a-i__m = 0.5;

LNy for t =1 to Tsg do
for m =1 to Ny do
1, t 52,-‘-":‘;‘—'-'\“-\‘,9 77,1 U K '\‘t"‘- .
Vi, g, kv =X 3}4—1#7\?? N
1Lt et ity
Vl J? i“—l—g_x'i‘ Ji|_fm( EJ tUIJ )’ [Vk!.?]i f ( L3 '.'('JI'-J )‘
‘m
Vk: a Ja(r]5 &0 ak )

»MSEXLHGERIEN, RIFFEME~E
RHBEMESIES, WESHE

k,m
Cd]cu]dtmg [e + Tm and [v”l}m referring to (27) and
(28), respectively;
9:  end for

1__1 Nmc 1 1__1 Nuc !
10: e Fl=gle SIUT [ v T = 25T [V

=== N AY — \ —_— N .
»EF RS NERN BRI ZIEFREN . oo
= 12: if ‘EH_I ¢'| < ¢ then
13: break: {End the SE iterations}
14: end if
15: end for
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Table I: Computational complexity comparison of different algorithms for uncoded media modulation based mMTC

. , . o Complex-valued multiplications'
Algorithms Computational complexity N, — 128 N, — 256
Benchmark 1 | O(JN,K, + 2N, K,” + K,°) 0.84 x 10° 1.56 x 10°

DS-AMP OToJKN,; (3N, + |S[. + 1)] 1.17 x 10° 2.32 x 10°
AMP O[ToJKN; (3N, + [S]. + 1)] 1.17 x 10° 2.32 x 10°
Benchmark 3 | O[ToJKN: (5N, + [S[c + 1)] 1.17 x 10% 2.32 x 10°
TLSSCS O{IEJNTKG + 2N, K, + K,°) + (K, +1)[N.(KN; + J) + N.,JKN;] + | 2.14 x 10’ 7.53 x 107
S LN + 2N, (sNy)? + (sNo)®]}
PIAAMSMP | O{3JK N-(N;+1)+ (Ko +1)[N.2(KN: +J)+ N JKN ]+ K N2+ | 2.12 x 107 7.50 x 10
2N, (sN:)2 + (sN:)*]}
Benchmark 2 | O{K,JKN:N, + Zf:“l[JNr(s + 282 + 2(sN;)?) + J(s° + (sN¢)®)] + | 4.82 x 10° 8.16 x 10
S5 [IN (s + 28 +2(sNo)?) + J(s° + (sN)*)]}

"' The order of complex-valued multiplications is obtained under parameters J = 12, N, = 4, K = 500, K, = 50, Ty = 15, [S|. = 4.
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