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Algorithm 1: Proposed DS-AMP Algorithm

Input: The received signals Y=[y1,...,

YiE TV the channel
matrix H = [Hy,...,Hg] € CYV™EN¥) and the maximum

iteration number Tj.

Output: The set of active MTDs £} and the reconstructed media

1:

modulation signal X € CHNt=/,

Wi, 7, k, n: We initialize the iterative index f=1, the activity
mdlcnor ap =05, Z3 , = [¥;],,» Vo, =1, the noise variance
2

(cr;,} = 100, the reconstructed signal X = Og n,« 1, [}q\ ‘Tl
akZS;\f\f dnd[“] _GAZ|3| JMN; — '}c}”-'lg'
for f =1 to Tp do

% AMP operation: )
Wi, 7, k,n: Compute E,LJ ol e @;__,. and -r'f.j by using (20),
(21}, fIS) and (19), respectively, where | = (k — 1)N, +
i; {Decoupling step}

Wi, j, k,n: Compute [ii"’jl] and [vk"'l] by using (16) and

(17). respectively: {Denoising step} 44

{= 2 =

S EM upuraiim}}: _
Wk: Compute (o2,)' ™" and a;c_l by using (24) and (25);

o
9:

10:

- ‘?’k The set of active MTDs Q = {k| [4], > 0.5};
13: ¥k, j: n" =arg maXgey,] ‘Ck; :
14: Yk € Q,V7: d
The reconstructed signal is X .15, 2pe o] = [QT} ;
k = [[k 1)Ni4+n ._;l] k.7 - )

end Jor

% Min-max norms: 1ll£.1(tmn )
-~ .y ~ T
Iit 5 — o BminlB - e S oo [@1,....4x =
%tuc._a —min{a} ! .
[al‘ ..ay’ | ,min(-) and max(-) are the minimum value and
nnxmmm value of the arcuments, respectively:

v,
% Extract the active MTDs and their MAPs: N\
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@ IR7JEIHE (State Evolution, SE) 34k
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: o2 +yKNiet |
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»MSEEXFHERIER, FIFFEEHE
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AR EL S FE M BE

v ER A

Algorithm 2: State Evolution of DS-AMP Algorithm

Input: The noise variance o2, the sparsity level A y the
number of MAPs N, the frame length .J, the order of the QAM
modulation, the variance v of the elements in the measurement
matrix, the number of Monte Carlo simulations Nyic, the max-
imum SE iterations T5g, and the terminal threshold =.

Output: The theoretically predicted MSE eé.

I: ¥Ym € [Nmc|: Generate Ny realizations of the transmit signals

— Ka

X™ e CENt*J according to the a priori distribution in (9).
2: ¥Ym, k: Define 91 = Onpyox1 and v = Onyox1 to record the
9 EA1E predicted MSE and average variance of the m-th Monte Carlo
- Tw & 5 ”;-"'I\ A’r'l-’ realization. We initialize the iteration number ¢ = 1, the predicted
o N MSE e = 1, the average variance vl = 1, and the activity
Sl A indicators for the m-th signal realization a.,lczm =05

3: for t =1 to Tsg do

4. for m =1 to Nyc do

Vi k| SRR, gt

6: Vi, j, k: B{J1 fm( =Qg¢%[ ] =fo(r zJ 2tL

% Vk: afcti fﬁ(r j":_ai,!m):

8: Calculating [e = Tm and [v“rl}m referring to (27) and

(28), respectively;

9:  end for " "

10: el SINNG [HH] |yt L yeNue [

iy E=ety

12: if |¢'T! —ef| < ¢ then

13: break; {End the SE iterations}

14:  end if

15: end for

Qiao, J. Zhang, Z.. Gao*, D. W. K. Ng, M. D. Renzo and M. -S. Alouini, "Massive Access in Media Modulation Based Massive

Machine-Type Communications," [EEE Transactions on Wireless Communications, vol. 21, no. 1, pp. 339-356, Jan. 2022
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F IR =EEE
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", #ETIR BB
= - ©- *Benchmark 3
E@tt-FIADER 2 —Q—Prtor;;m‘[;]duDS—AMP -
- %= :SE of DS-AMP
» ~
~ \E\
ity 32 2]
——TLSSCS
= £~ AMP
107 k|- 4 -PIA-MSMP
. N ! o
§Efﬁ>ﬂ'l'ﬁi§—'ﬁ | I Pt
109 |- ©- - Benchamrk 3
%ﬁﬁgm [=] Eﬁ; —G—PI?SOISEBIDS—AMP
| % sEorDsamp_ i ;
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Table I: Computational complexity comparison of different algorithms for uncoded media modulation based mMTC
; = : e 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 O[ToJKN: (3N, + |S]c + $)] 1,17 2107 2,32 x 107
AMP O[ToJK N (5N~ + [S|. + %)] Li7% 10> 2.32 x 10°
Benchmark 3 | O[ToJKN:(3N, + |S|C )] 1.17 x 10° 2,32 x 10°
TLSSCS (’){R[JN K, & N, K.~ |+ Ka ) + (K + 1[N, (KN + J)+ N.JKN;]| + | 2.14 x 10° 7.53 x 107
[N:2 42N (th)Q + (sN; ) 1}
PIA-MSMP O{SJKQN,,,(Nt +1)4 (Ko + 1)[N.2(KNe +J) + No JK N+ 350 N2+ | 212 x 10° 7.50 x 10°
2N, (sN:)? + (sN;)3]}
Benchmark 2 | O{K,JKN;N, + Zf:ai [IN(s + 282 + 2(sN:)?) + J(s® + (sN:)3)] + | 4.82 x 10° 8.16 x 10°
>t [IN- (s 4 257 +2(sNp)?) + J(s° 4 (sN:)*)]}
' The order of complex-valued multiplications is obtained under parameters J = 12, N; = 4, K = 500, K, = 50, T = 15, |S|. = 4.
2 FERERERTOA
Fr#EDS-AMPE; B o=
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v ETRBSIBIHMMSESEERET 0 - v ((R)7RuX + N,No2)  (R)7Ry,

JADCE-DD (Preamble-aided initial CE) DADD (Data-aided CSI update) = : > e : H:;l
h 1
Frame I I
€ t B 14 |
Structure Preamble Data Data : Il Q H |
(Tx) i - B
[ Decoder CSIrefme | |
' |

f t+1 | -

Processing H—> DADD i L > | T X’ :
Procedure AUD & CE » Data Detection I h 4 |
; I Media |
) » CSIupdate : Encoder |—¥ Modulation | |
_____________________ |
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Algorithm 1 Proposed STF-JABID Algorithm

Input: The received signals Y=[y1, y2, ..._.y_.uf]ECL”“f. the pre-
allocated sequences ®=[®, ..., By }E-‘C"’ *E1 the noise variance
o2, the maximum iteration number Ty, the damping parameter
#, the DAD threshold T3, and the termination threshold e.

Output: The estimated equivalent channel matrix X = [X1, X2, ...,
Xarr] € CFT*M | the set of active devices (2, and the support
of e} -, i€ [N], where e}, is defined in (3).

I: Vk,4,0,m"; We initialize the iterative index ¢ = 1, the activity

1-2K I[(14c2) T (—c)—ctb(c)] /L }

Wi max

indicator }\i =y =

c>0 1+c2—2[(1—c2)'Illf—{.'fl—(.'qil[r"'l]
the prior mean pd = 0, the prior variance 73 = %&
(Zrn;:)_i = [},,?“]b {]',rm } L lfL” )1 =0, and [’i‘,‘:a:}i =1

2: fort =2 to T do

3 % AMP operation:

4 Vk,i,l,m": Compute (V™) (Z/). (¢f)t, and (r7)¢
by using (18), (19), (16), and (17), reepcchwly, {Decoupling
sicp}

50 wi,m’: (V™) = Hm”"j‘—' + (1 — &)™), (E™) =

R h){7;"’
6: Vk,i,m’: Compute (Z}",)! and (37
respectively;  {Denoising step}
7 % EM upu.ltmn

")t by using (25) and (26),

T” r_Trl ,r 1 1

Ju ]r

g V- (#U. - TEa L 1_,ma i
. S Tt
it f 1': P L '
(TU}‘ T Ic=]-1'§’l ZT’:‘:.’=1 ]L | ([JJJ' ks ! ]} 4_{'_*:":" y
a X ¥ "JI
% SR
0: Wk Update devices’ activ 1Ey parameter /\I by using (29);
10 if ||X* : ’|| Ux‘ 1| | < ¢ then
11: break {End the |lerat10n}
12: end if
13: end for ss
14: The estimated equivalent channel matrix X = X*;
15: %Extract the active devices:
16: Wk € [K]: The set of active devices 02 = {k|AL > Th1 }:
17: %Extract the embedded information of active devices: "
- M oA =
18: Wk € Q,71€[N], j: supp{e;, ;}=argmax {E [X;; ﬁ] | }
e 1] m=1 Tdam|

where X7 - =are] - (hg 5 }T is denoted in (3).
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> 1BR0.7, EARERIXE200, dampingfE 0.3, ZR1EIIPR1e-6

Access latency L/Af (ms) Access latency L/Af (ms)

1 1.67 233 3 367 433 5 567 633 7 167 0] 6T 93% 3 367 433 5 S6FT 633 7T 7T67
Y Y T T ¥ T T 10 T T T T T T T T

—&— SOMP

—— GMMV-AMP

—O— Section-wise AMP
—¥— Proposed Algorithm 1

—t—SOMP

—+—GMMV-AMP
—&— Section-wise AMP | |
—#— Proposed Algorithm 1

gﬁﬁﬁi&ﬁ'%ﬁ o 3 107!
%, IBETX&H - g

B ESAIMERE

15 25 35 45 55 65 75 8 95 105 115 '; B = - * ! . : *
Signature sequence length L 5 1: 4 35 6 15 8 9 105 113
Signature sequence length L
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Algorithm 2 Proposed AE-JABID Algorithm
® AE-JABIDE LR TE

Input: The equn'llf:nl received signal ReC ™M the pre- aIIocalcd
sequences @ = [Py, ..., dx] € C**F' the noise variance o2,

>AMP¢%1’E . ﬁﬂﬁg%ﬁﬂ;n% '=I'='I=' /\thqgﬁi the maximum ileration ﬁumber To, the DAD threshold Tj,5, the

‘% _E —l— Ai {E E —l— damping parameter s, and the termination threshold e.
1 ’= I] %1 Output: The estimated equw'tlent channel matrix in the virtual
l— ’ -L [‘,’ ﬂ:n H -L angular domain V\*—_wl Wa,. W”]chuv M the set of active
devices (2, and the support of e, where ey, is dcﬁncd in (34).
1: ¥k, i,1,m: We initialize the iterative index t=1, the activity indi-
3 1_21-::[{1+<.-?)~p.;_<.-|—m,.'-.fc'|j,fr_.

= s N cator (pj,)" = po = 577 | max 14e2 2] (142 )W (—a)—c(c)] [’
SIS A (EM) 1BME: REERETA RS Gl

the prior mean jiy = 0, the prior variance 7) = H,.“ P

EEXEEHH, ERETFHEHFUT (7Y = [emly (V)" =1, (BF)* = 0, wod @) =1,

2: fort =210 Ty do

3z Ge AMP operation:
m %’ITE 4 Vk,i,l,m: Compute (V;™)!, (Z")%, (&,)%, and (F}",)" by
pk 1 . 29 using (41), (42), (39). and (40). respcctl\-cly_ {Dccoup]ing
step}

5 VLm: (V™) =a(V™) T+ (L— m) (V™)

: gk (ZM) = w2 + (- 8)(Z)Y
> 7%&%"@#” li-}ﬁ . 6:  Vk,i,m: Compute (ﬁtflr)’ and (G",)" by using (48) and (49),
respectively: {Denoising step}
7: % EM operation:

max P?z‘ 2T ke [K]:i = [Ir} 8 Vh: (fo)t = Dot Zim Tt CRO G0
me[M] 7 : ' e

_ k ie L m=1

ﬁ i é Ilfi?!fjr ll{IJLrI —fufr:l +{ k- L 1]

: =t _ k=1li—1m=1
Th - (051 ].) (To)" = — K 1 M _
: 33 0y dilmpnt]
k=1i=1m=1 i

. . 9:  Vk.i,m: Update the activity indicator (py",)* by using (50)
= 2] s . | and 5”;
> IRIB S KIEREFEHIE A EFS prc - T
10: i [W—Wt|| /W] < e then
11: break; {End the iteration}
122 end if ' '
13: end for L
14: The estimated equivalent channel matrix W = W*;
supp{ey} = argmax{ max (pp;) ¢, Vk € Q. 15: %Extract the active devices:
] : ; ; ;
ic [IT me [ ‘I,_J 16: Yk, 1, m: ’Acqmm the set of active devices €2 by using (53) based
g on (@)
17: %Extract the embedded information of active devices:
18: ¥k € & Acquire the suppor‘t of the sequence selection vector by
using (54) based on (p",)".
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® FREH
> RIREH 100, FEERAPE 10, BMEEMSE 2 NFS
»UAVE LR 32, 2EAAET RI10° , SNRi&A5dB, Af =15kHz
> 17 1BR0.9, B AERIXE200, dampingfE 0.3, ZX1EIIPR1e-6

Access latency L/Af (ms) Access latency L/Af (ms)
.&7 1.33 2 2.67 333

——S50MP

—t— GMMV-AMP
—8— Section-wise AMP
—p— Benchmark 1
—#— Proposed Algorithm 2 |7

A B R F
Fﬁ[‘éﬂ&?g)\ﬁi& 0l

b | == SOMP
[ |=—— GMMV-AMP

| |=—8— Section-wise AMP
| |[=—f— Benchmark 1
—#— Proposed Algorithm 2

SR IR0 FI
HE— S IRF T MR wl

10 20 30 40 50 10 20 30 40 50
Signature sequence length L Sig:mt.l:rf:_5£1r;1mt1m* length L

Frie 73 RAJ LR ZFERENIEIR
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® FESH
» OFDMBYRHSEW A A B 2 EMPBAIIER, THEBEEENATE
FHES, SERFEFNEE, BTRENi
> HulSnE | GHz, BRI E32, ®5e10 MHz
» AE-JABIDE L, SNR %410 dB

honx = 180 km/h
Tax = 120 km/h
Uiy = 60 km/h
Vpayx = 30 km/h
Umax = 0 km/h |3

1111

BRI AN FEORE £
, FEIRZEFE20 dB
(R AAEXTIRE 180 km/h)
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> IRHSTD-JABIDE %, FIAZEBAIREERM, BREIEANME
> IRHAE-JABIDE L, FIRRAEWBRMY, BERIENILEER
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® HmHR
> RERSIERZERNEE, PFRIRLER
> A RERF TR RFRANLER
> Al BRI SR % B R AU B (B 2 1 5%

@ RKEKRE
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TABLE III: Simulation parameters

Contents Parameters Values
Carrier frequency 10 GHz
Subcarrier spacing 480 KHz
Bandwidth 122.88 MHz
OTFS data size (M, N) (256.8)
System .
: Modulation scheme QPSK
Satellite’s UPA (P;, P)) (32,32)
Terminals’ UPA (P;, Py) (32,32)
Angular spacing (A., A,) (14.4°,14.3°)
Orbit altitude of LEO satellite 500 km
Velocity of LEO satellite 7.58 km/s
Velocity of terminals 0~ 10 m/s
TSL ServiceA coverage radius 494.8 km
Zenith angle 67°" [—44.7°,44.7°]
Azimuth angle £7% [0,360°)
Remar‘n RToA T;{_“OS and 0.~ 0.52 s
MPC’s delay 7, range
Doppler shift ©/7°% (v}}) range | 0 ~ 178.2 KHz

O xEtE A %R

v’ [Ke’19 TSP] GMMV-AMP: ¥ FOFDME 280 %1

EEANGR

v’ [Wu’22 JSAC]+[Shen’19 3D-SOMP]: EFOTFSHI%
BEEANGR, KALER-ZZEESI

Doppler (N)

vV BADNEBETCERNBESEEHK=100, 7EHKHBFP#Ka=10
v EEENERENR, Hi#THEME, BBESERIETEERE15-20dB2Z 8

[Ke’19] M. Ke et al, "Compressive Sensing-BasedAdaptiveActive User Detection and Channel Estimation: Massive Access Meets Massive

MIMO," IEEE TSP 2020.

[Wu’22] B. Shen, et al, “Random Access With Massive MIMO-OTFS in LEO Satellite Communications,” IEEE JSAC 2022.

D Pilot - Data D Guard
L "

M g

Delay (M)
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TABLE V: Transmission efficiency comparison between the
benchmark and the proposed scheme

Schemes Benchmark 1 and 2 Proposed
Cyclic prefix N(L-1) (N+1)(L-1)
(IST region) 256 256 256 256 288 288 288 288
Guard 2N(L —1) B
Interval 512 512 512 512 I
Effective M NN, =1¥) G(N+1)
Pilot 160 240 320 400 180 270 360 450
i (M+L—-1)N M{(N +1)+ MN
Frame size :
2304 2304 2304 2304 2516 2606 2696 2786
e MN—2N(L-1)-M-N, M(M+4+L-1)N?
Transmission S ————
efficeny 59.72% | 56.25% | 52.78% | 49.31% | 74.54% | 69.48% | 64.92% | 60.79%

FrisEA L REAE SN EMHER

X. Zhou, K. Ying, Z. Gao* et al., "Active Terminal Identification, Channel Estimation, and Signal Detection for
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