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Gaussian multiple-access channel (GMAC)
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<latexit sha1_base64="x7nx6TzBPA9HjjUMWwetLMvNDBk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EonYBGwuLBMwHJEfY28wla/b2jt09IYT8AhsLRWz9SXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPphxgn5EB5KHnFFjpfp9r1hyy+4cZJV4GSlBhlqv+NXtxyyNUBomqNYdz02MP6HKcCZwWuimGhPKRnSAHUsljVD7k/mhU3JmlT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZl+TPlfIjBhbQpni9lbChlRRZmw2BRuCt/zyKmlelL1KuVK/LFVvsjjycAKncA4eXEEV7qAGDWCA8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QOkZozS</latexit>

L

codewords

<latexit sha1_base64="TghvR7bUheUm5bx6Ob27qvFCtgk=">AAAB+XicbVC9TsMwGHTKXwl/AUYQsqiQmKqEoTBWsDC2Ev2R2qhyHLe16tiR7VSKoo68BQsDCLGy9DnYeAZeAqftAC0nWT7dfZ98viBmVGnX/bIKa+sbm1vFbXtnd2//wDk8aiqRSEwaWDAh2wFShFFOGppqRtqxJCgKGGkFo7vcb42JVFTwB53GxI/QgNM+xUgbqec4tt0NBAtVGpkrSyc9p+SW3RngKvEWpFQ9nda/H8+mtZ7z2Q0FTiLCNWZIqY7nxtrPkNQUMzKxu4kiMcIjNCAdQzmKiPKzWfIJvDBKCPtCmsM1nKm/NzIUqTyamYyQHqplLxf/8zqJ7t/4GeVxognH84f6CYNawLwGGFJJsGapIQhLarJCPEQSYW3Ksk0J3vKXV0nzquxVypW6aeMWzFEEJ+AcXAIPXIMquAc10AAYjMETeAGvVmY9W2/W+3y0YC12jsEfWB8/JrWXFQ==</latexit>y

<latexit sha1_base64="+fkq53s3Qv8cMr9v3Z3S9cX7BHk=">AAAB+3icbVC9TsMwGHT4LeEvFImFJaJCYqqSDoWxKgtjK9EfqY0ix3Faq44d2Q6iivIqLAwgBCNvwBOwsfAsOG0HaDnJ8unu++TzBQklUjnOl7G2vrG5tV3aMXf39g8OraNyV/JUINxBnHLRD6DElDDcUURR3E8EhnFAcS+YXBd+7w4LSTi7VdMEezEcMRIRBJWWfKtsmsOA01BOY31lKPdrvlVxqs4M9ipxF6TSOGl/k7fmR8u3PochR2mMmUIUSjlwnUR5GRSKIIpzc5hKnEA0gSM80JTBGEsvm2XP7XOthHbEhT5M2TP190YGY1mE05MxVGO57BXif94gVdGVlxGWpAozNH8oSqmtuF0UYYdEYKToVBOIBNFZbTSGAiKl6zJ1Ce7yl1dJt1Z169V6W7fRBHOUwCk4AxfABZegAW5AC3QAAvfgATyBZyM3Ho0X43U+umYsdo7BHxjvPylql5o=</latexit>c2

<latexit sha1_base64="sA/N1Ti/JkY7Ym6wVabS7Nx1Iqg="></latexit>

"
i.i.d.⇠ N (0, N0/2)

<latexit sha1_base64="K42KOXC4yUG+0yTz2b7M0dRShAU=">AAAB+XicbVDNSgMxGMzWv1r/VgUvXoJF8FR2PVSPpV48tmB/oF2WbDbbhmaTJckWy9I38eJBEcGTr+ATePPis5hte9DWgZBh5vvIZIKEUaUd58sqrK1vbG4Vt0s7u3v7B/bhUVuJVGLSwoIJ2Q2QIoxy0tJUM9JNJEFxwEgnGN3kfmdMpKKC3+lJQrwYDTiNKEbaSL5t9wPBQjWJzZXdT33Xt8tOxZkBrhJ3Qcq1k+Y3fat/NHz7sx8KnMaEa8yQUj3XSbSXIakpZmRa6qeKJAiP0ID0DOUoJsrLZsmn8NwoIYyENIdrOFN/b2QoVnk4MxkjPVTLXi7+5/VSHV17GeVJqgnH84eilEEtYF4DDKkkWLOJIQhLarJCPEQSYW3KKpkS3OUvr5L2ZcWtVqpN00YdzFEEp+AMXAAXXIEauAUN0AIYjMEDeALPVmY9Wi/W63y0YC12jsEfWO8/3gyXhg==</latexit>x1

<latexit sha1_base64="Amy/5e8hnSsJyEkqvlPnfrhysgE=">AAAB+XicbVDNSgMxGMz6W+vfquDFS7AInspuD9VjqRePLdgfaJclm822odlkSbLFsvRNvHhQRPDkK/gE3rz4LGbbHrR1IGSY+T4ymSBhVGnH+bLW1jc2t7YLO8Xdvf2DQ/vouK1EKjFpYcGE7AZIEUY5aWmqGekmkqA4YKQTjG5yvzMmUlHB7/QkIV6MBpxGFCNtJN+2+4FgoZrE5srup37Ft0tO2ZkBrhJ3QUq10+Y3fat/NHz7sx8KnMaEa8yQUj3XSbSXIakpZmRa7KeKJAiP0ID0DOUoJsrLZsmn8MIoIYyENIdrOFN/b2QoVnk4MxkjPVTLXi7+5/VSHV17GeVJqgnH84eilEEtYF4DDKkkWLOJIQhLarJCPEQSYW3KKpoS3OUvr5J2pexWy9WmaaMO5iiAM3AOLoELrkAN3IIGaAEMxuABPIFnK7MerRfrdT66Zi12TsAfWO8/35CXhw==</latexit>x2

<latexit sha1_base64="YKyZmSmGBPk8Vc5KvI4HGKiZqQ4=">AAAB+XicbVC9TsMwGHT4LeUvgMTCYlEhMVUJQ2GsysLA0Er0R2qjyHGc1qpjR7ZTUUV9ExYGEEJi4hV4AjYWngWn7QAtJ1k+3X2ffL4gYVRpx/myVlbX1jc2C1vF7Z3dvX374LClRCoxaWLBhOwESBFGOWlqqhnpJJKgOGCkHQyvc789IlJRwe/0OCFejPqcRhQjbSTftnuBYKEax+bK7if+rW+XnLIzBVwm7pyUqseNb/pW+6j79mcvFDiNCdeYIaW6rpNoL0NSU8zIpNhLFUkQHqI+6RrKUUyUl02TT+CZUUIYCWkO13Cq/t7IUKzycGYyRnqgFr1c/M/rpjq68jLKk1QTjmcPRSmDWsC8BhhSSbBmY0MQltRkhXiAJMLalFU0JbiLX14mrYuyWylXGqaNGpihAE7AKTgHLrgEVXAD6qAJMBiBB/AEnq3MerRerNfZ6Io13zkCf2C9/wAHB5eh</latexit>xL

<latexit sha1_base64="cUlVgDthGGMpM6OdT47WjMT+6cE=">AAAB+XicbVDNSgMxGMzWv1r/VgUvXoJF8FR2PVSPpV48eGjB/kC7LNlstg3NJkuSLZSlb+LFgyKCJ1/BJ/DmxWcx2/agrQMhw8z3kckECaNKO86XVVhb39jcKm6Xdnb39g/sw6O2EqnEpIUFE7IbIEUY5aSlqWakm0iC4oCRTjC6yf3OmEhFBb/Xk4R4MRpwGlGMtJF82+4HgoVqEpsrw1P/zrfLTsWZAa4Sd0HKtZPmN32rfzR8+7MfCpzGhGvMkFI910m0lyGpKWZkWuqniiQIj9CA9AzlKCbKy2bJp/DcKCGMhDSHazhTf29kKFZ5ODMZIz1Uy14u/uf1Uh1dexnlSaoJx/OHopRBLWBeAwypJFiziSEIS2qyQjxEEmFtyiqZEtzlL6+S9mXFrVaqTdNGHcxRBKfgDFwAF1yBGrgFDdACGIzBA3gCz1ZmPVov1ut8tGAtdo7BH1jvP+bll4w=</latexit>cL

<latexit sha1_base64="4DH5HIrsVz6mTU3xZzjeYUuEEPE=">AAACI3icbVDJSgNBEO1xjXEb9eilSRAEJcx4iOIp6MWDhwhmgUwIPT2dpEnPQneNOAzzF36AF3/FiwcleMnBf7GzHDRJQVOP96qqq54bCa7AskbGyura+sZmbiu/vbO7t28eHNZVGEvKajQUoWy6RDHBA1YDDoI1I8mI7wrWcAe3Y73xxKTiYfAIScTaPukFvMspAU11zOu8kzp9AqnjhsJTia9T+pxlHfscO14ISqdl8r2TdcyiVbImgReBPQPFSsE5exlVkmrHHOqJNPZZAFQQpVq2FUE7JRI4FSzLO7FiEaED0mMtDQPiM9VOJzdm+EQzHu6GUr8A8IT925ESX43305U+gb6a18bkMq0VQ/eqnfIgioEFdPpRNxYYQjw2DHtcMgoi0YBQyfWumPaJJBS0rXltgj1/8iKoX5Tscqn8oN24QdPIoWNUQKfIRpeogu5QFdUQRa/oHX2iL+PN+DCGxve0dMWY9Ryhf2H8/AIZf6jQ</latexit>

{x̂1, . . . , x̂L}

<latexit sha1_base64="FCXfqogRuff8S+lzZVugmqvR/W4=">AAACCHicbVC7TsMwFHXKq5RXgZEBiwqJqUoQKrBVYmEsiD6kJlSO47RWHTuyHaQqysjCr7AwgBArn8DG3+C0GaDlSJaPzj1X997jx4wqbdvfVmlpeWV1rbxe2djc2t6p7u51lEgkJm0smJA9HynCKCdtTTUjvVgSFPmMdP3xVV7vPhCpqOB3ehITL0JDTkOKkTbSoHro+oIFahKZL8XZwHEpdyOkR76f3mb3xlGz6/YUcJE4BamBAq1B9csNBE4iwjVmSKm+Y8faS5HUFDOSVdxEkRjhMRqSvqEcRUR56fSQDB4bJYChkOZxDafq744URSrf1TjzHdV8LRf/q/UTHV54KeVxognHs0FhwqAWME8FBlQSrNnEEIQlNbtCPEISYW2yq5gQnPmTF0nntO406o2bs1rzsoijDA7AETgBDjgHTXANWqANMHgEz+AVvFlP1ov1bn3MrCWr6NkHf2B9/gDLS5p0</latexit>

c1 2 Rn

decoder

bits
<latexit sha1_base64="+GiiitzagSjRg6K+ORTO+1u3tiA=">AAAB9HicbVA9SwNBEJ2LX/H8ilraHAbBKtxZqI0YtLGMYD4gOcLeZpIs2ds7d/cC4cjvsLFQgq1/w95G/DduLik08cHA472ZnZ0XxJwp7brfVm5ldW19I79pb23v7O4V9g9qKkokxSqNeCQbAVHImcCqZppjI5ZIwoBjPRjcTv36EKVikXjQoxj9kPQE6zJKtJH8VvZCGvAEx4N2oeiW3AzOMvHmpHj9YV/Fky+70i58tjoRTUIUmnKiVNNzY+2nRGpGOY7tVqIwJnRAetg0VJAQlZ9mK8fOiVE6TjeSpoR2MvX3REpCpUZhYDpDovtq0ZuK/3nNRHcv/ZSJONEo6GxRN+GOjpxpAk6HSaSajwwhVDLzV4f2iSRUm5xsE4K3ePIyqZ2VvPPS+b1bLN/ADHk4gmM4BQ8uoAx3UIEqUHiEJ3iBV2toPVsT623WmrPmM4fwB9b7D86/lco=</latexit>

k

<latexit sha1_base64="1f3rn0sAsiVP0illTJNFCW0lb+w="></latexit>

y =
X

`2[L]

c` + " 2 Rn
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• each user active w. p.    ,        active users
<latexit sha1_base64="ShnQCakKhNEjhIy88JB1EHxejK0="></latexit>

Ka
<latexit sha1_base64="9BjGYUslypt3eA3gFKr9KHopJFA="></latexit>↵

• active user density
<latexit sha1_base64="OX7A1nPsatCsXr4rNiNzXC5od6I="></latexit>

µa := E[Ka]/n = ↵L/n

• fixed user payload bits
<latexit sha1_base64="+GiiitzagSjRg6K+ORTO+1u3tiA=">AAAB9HicbVA9SwNBEJ2LX/H8ilraHAbBKtxZqI0YtLGMYD4gOcLeZpIs2ds7d/cC4cjvsLFQgq1/w95G/DduLik08cHA472ZnZ0XxJwp7brfVm5ldW19I79pb23v7O4V9g9qKkokxSqNeCQbAVHImcCqZppjI5ZIwoBjPRjcTv36EKVikXjQoxj9kPQE6zJKtJH8VvZCGvAEx4N2oeiW3AzOMvHmpHj9YV/Fky+70i58tjoRTUIUmnKiVNNzY+2nRGpGOY7tVqIwJnRAetg0VJAQlZ9mK8fOiVE6TjeSpoR2MvX3REpCpUZhYDpDovtq0ZuK/3nNRHcv/ZSJONEo6GxRN+GOjpxpAk6HSaSajwwhVDLzV4f2iSRUm5xsE4K3ePIyqZ2VvPPS+b1bLN/ADHk4gmM4BQ8uoAx3UIEqUHiEJ3iBV2toPVsT623WmrPmM4fwB9b7D86/lco=</latexit>

k

• energy-per-bit constraint:
<latexit sha1_base64="DRObb24EL6eHQ2wSTDQ4G5L98tU="></latexit>

kc`k22  E := Ebk

• errors: probabilities of mis-detection         , false alarm        , 
active-user errors 

<latexit sha1_base64="76ISlXBvI3yu8UkqvgPyp9giozA="></latexit>pMD
<latexit sha1_base64="fdpBI5qJaQDxagGw71sXyAtxrJ0="></latexit>pFA

<latexit sha1_base64="XZUTmWTfNHtsB87yQ2GwzOiGXQo="></latexit>pAUE

Linear scaling regime:                  with     and      fixed.
<latexit sha1_base64="CPuE+Ks8HgnJPOtup6frCMQPk9A="></latexit>

L, n ! 1 <latexit sha1_base64="9BjGYUslypt3eA3gFKr9KHopJFA="></latexit>↵
<latexit sha1_base64="vE5vLKOANwJWPBd3QtzbhUTqvZU="></latexit>µa

Given      , what is minimum             required to achieve target error rates?
<latexit sha1_base64="IwEcQsiflyC85DanJNRT0eXRWzM=">AAAB7nicbVDLSsNAFL2pr1pfVZduhhZBEGrSRXVZFMGVVLAPaEOYTCft0MkkzEyEEPoRgrhQxK3f465/4/Sx0NYDFw7n3Mu99/gxZ0rb9sTKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/dHN1G8/UalYJB51GlM3xAPBAkawNlL71vMv7j3bK5btij0DWiXOgpTrpd75y6SeNrzid68fkSSkQhOOleo6dqzdDEvNCKfjQi9RNMZkhAe0a6jAIVVuNjt3jE6N0kdBJE0JjWbq74kMh0qloW86Q6yHatmbiv953UQHV27GRJxoKsh8UZBwpCM0/R31maRE89QQTCQztyIyxBITbRIqmBCc5ZdXSatacWqV2oNJ4xrmyMMJlOAMHLiEOtxBA5pAYATP8AbvVmy9Wh/W57w1Zy1mjuEPrK8fVheR6A==</latexit>

Eb/N0
<latexit sha1_base64="vE5vLKOANwJWPBd3QtzbhUTqvZU="></latexit>µa

[Chen, Guo '14], [Ordentlich, Polyanskiy '17], [Yavas, Kostina, Effros '21], [Ngo, Lancho, Durisi, Graell i Amat '23]

<latexit sha1_base64="1f3rn0sAsiVP0illTJNFCW0lb+w="></latexit>

y =
X

`2[L]

c` + " 2 Rn

with random user activity
Many-user multiple access



[Liu, Pascual Cobo, Venkataramanan '24]

What can be achieved without memory or computational constraints? 

What can be achieved with efficient coding schemes?  
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Random coding

•       denotes set of transmitted codewords, with size
<latexit sha1_base64="tmbg8geo4NhyWUhkx1mzZJ1apQo="></latexit>

W := {(`, w`) : w` 6= ;}
<latexit sha1_base64="063BSWGQgY9mYuy7PQAXcM3axCM="></latexit>

Ka = |W|

Maximum-likelihood (ML) decoding

codewords 
<latexit sha1_base64="pBLupRSF9nhtYTo/Yb6MSOSvQVg="></latexit>

M = 2k
<latexit sha1_base64="WLB6H+/BYUqO6kqvHDwpUeDpkbM="></latexit>

C(`) =
¶
c(`)1 , c(`)2 , . . . , c(`)M

©
• Each user              has

<latexit sha1_base64="RvrVCwMuc8m1P0ar1WG7lRfaIaE="></latexit>

` 2 [L] (iid Gaussian)

•ML estimate of #active users:
<latexit sha1_base64="+U3+Siyg0kkYw/Z8wzskJABurns="></latexit>

K 0
a = argmax

Ka2[`:u]
p(y|Ka),

Finite-length achievability bounds

[Ngo, Lancho, Durisi, Graell i Amat '23]

• Search for ML estimate of       given size in                             , 
<latexit sha1_base64="Z9wXuJSih/rVurkoJWHCx++mH/k="></latexit>

[K 0
a � r,K 0

a + r]
<latexit sha1_base64="zKjCG5uEyL5wkurZe/pPswGFieE="></latexit>

W
<latexit sha1_base64="SUoKNI8ZJFfYgDzKUJdKVgf0pHI="></latexit>

r � 0

4/15

•        denotes decoded set of codewords, with size
<latexit sha1_base64="bSSn4+eWlse0101HT/eBDoF0ywI="></latexit>”W

<latexit sha1_base64="7oLXm4IMsgWlwkrK5s0U9cIy99I="></latexit>”Ka = |”W|
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<latexit sha1_base64="DSTP3OLIuxQB/Rpnyc5hqtXiSEw="></latexit>

pMD := E

2

4 {Ka 6= 0} · 1

Ka

X

`:(`,w`)2W

{cw` = ;}

3

5

<latexit sha1_base64="okEpVCv+ReomO4HI4Xrv8q2OLEk="></latexit>

pFA := E

2

64 {”Ka 6= 0} · 1

”Ka

X

`:(`,bw`)2“W
{w` = ;}

3

75 ,

<latexit sha1_base64="7Y/juPGFRXxMDwSIiMUowIB5A98="></latexit>

pAUE := E

2

4 {Ka 6= 0} · 1

Ka

X

`:(`,w`)2W

{cw` 6= w`}

3

5

mis-detection

false alarm

active user errors

[Ngo, Lancho, Durisi, Graell i Amat '23]



Theorem 1 [Liu, Pascual Cobo, Venkataramanan '24](informal)

Consider iid Gaussian codebooks that satisfy the energy-per-bit constraint, and 
the maximum-likelihood decoder with decoding radius          . Given                 , 
and for fixed            , we have

<latexit sha1_base64="pMA1N/MbN6+XJtN2PckGgRVvYCw="></latexit>

Eb/N0

<latexit sha1_base64="SUoKNI8ZJFfYgDzKUJdKVgf0pHI="></latexit>

r � 0
<latexit sha1_base64="SQZ3X+EuUWF5MT7Ojmyb4FNpPZY="></latexit>

L, n, k,↵

<latexit sha1_base64="4FZc5SV3ViL3pnNg5dY4+6bob8Q="></latexit>

pFA  "FA
Ä
L, n, k,↵, Eb

N0
, r
ä <latexit sha1_base64="18Y5fVNnSczxt8mOaOVNSyD2Kx0="></latexit>

pAUE  "AUE

Ä
L, n, k,↵, Eb

N0
, r
ä

6/15

<latexit sha1_base64="fIr4kdjyfg7QF6zxeB0uGahaDDs="></latexit>

pMD  "MD

Ä
L, n, k,↵, Eb

N0
, r
ä

where
<latexit sha1_base64="ut726LHuILk7Or8Q8isra/xjbb0="></latexit>

"MD =
X

a

p(a;L,↵)
X

0
a

X

t2T

X

t̂2bTt

min{pt,t̂, ⇠(a,0a)}

·
 uX

 =0

⌫(tmin, )

⌫(tmin)

(a � 0a)
+ + (t� t̂)+ +  

a
+ p̃

Paper provides general version for any distribution of  
<latexit sha1_base64="YjVGMsqXdV3bYiYlluvWggkz3ko="></latexit>

Ka
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L = 50, n = 2000, k = 8,↵ = 0.5

Finite-length achievability bounds
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<latexit sha1_base64="+U7I/5F5eqsVjrnDqmUz4N48IJo="></latexit>

L = 50, n = 2000, k = 8,↵ = 0.5

Finite-length achievability bounds

Computationally prohibitive for moderately large 
<latexit sha1_base64="6fdRw2Ky/qNg5Ense0fcxSRpxXM="></latexit>

L, n
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Asymptotic achievability bounds
Random coding

Approximate Message Passing (AMP) decoding
<latexit sha1_base64="ECOaP2hpHq19GxxvFGq5jrRaSrQ="></latexit>

x0 = 0

<latexit sha1_base64="QuQ6tBq8i48t5T0YUUJuo4sDMF4="></latexit>

xt+1 = ⌘t(s
t), where st = xt + (Qt �A)>zt

<latexit sha1_base64="bAj3piNLrB59cnaOr1awNx2JlaI="></latexit>

zt = y �Axt + v � zt�1

Initialise               , for

<latexit sha1_base64="HpsX81NOD4EsL7i+wlwGm9MWjtQ="></latexit>

st = xt + (Qt �A)>ztwhere

Modified residual

Updated estimate

<latexit sha1_base64="Syk17t+D1nsQgubAvVn+bCoaFR4="></latexit>

t � 1

spatially-coupled 
Gaussian

<latexit sha1_base64="5MUGzFcxgbrQ46VM4SgX9G9BThU="></latexit>

A

• Channel output:
<latexit sha1_base64="+F1bmBa5XP0VMrwzf6T31pwMiAU="></latexit>

y =
X

`2[L]

A`x` + " = Ax+ "

. . .

user 1 user 2 user L

A : A1 A2 AL
n

x : . . .x1 x2 xL

>

B columns

•               one-sparse with prob.     or all-zero with prob.<latexit sha1_base64="X4Hv/fW1wXr2ehppKO5hKLqZRN4="></latexit>x` ⇠ px̄
<latexit sha1_base64="3gjv9RSRoYkL4tzbInvPkz2zNwo="></latexit>↵

<latexit sha1_base64="clD4UNTpnMHViTcSmdKKYM1kQrg="></latexit>

1� ↵
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. . .

user 1 user 2 user L

A : A1 A2 AL
n

x : . . .x1 x2 xL

>

B columns

columns

<latexit sha1_base64="qUmghGLV8UQ7DOA6IosZjGUawmw="></latexit>

M = 2k

<latexit sha1_base64="0fQ0ofVtyMHPj2WppKcHlh0sbec="></latexit>n



Asymptotic fixed-point of AMP

[Barbier, Krzakala ’14], [Yedla, Jian, Nguyen, Pfister '14], [Hsieh, Rush, Venkataramanan ’22], [Kowshik ’22]

<latexit sha1_base64="7PSGjitohNYrruJaxjt1e4Z0Zqo="></latexit>

g ⇠ N (0, IB)
<latexit sha1_base64="5Qx1QWBTu6ffe56dIWuHqOiEIHA="></latexit>

x̄ ⇠ px̄

Can be characterised via single-user channel
<latexit sha1_base64="/K2v4IsvviOZ93a2bBuaDWmjJBs="></latexit>

2 RM
<latexit sha1_base64="o8/Ub57602rbNRMPB2BbUk5m8cw="></latexit>

s⌧⇤ = x̄+
p
⌧⇤g

with                                   .

Where      is the global minimiser of potential function:

<latexit sha1_base64="ZwjsGhgneameTVeCZ8sTHg3clcY="></latexit>

⌧ 2
ï
N0

2
,
N0

2
+ µE

ò

<latexit sha1_base64="bR5PHWB9MJ3w9kDN8sUESSl2fhY="></latexit>

F(⌧) = I(x̄; s⌧ ) +
1

2µ

ï
ln

Å
⌧

N0/2

ã
�
Å
1� N0/2

⌧

ãò
<latexit sha1_base64="sbh+hONhmpHHfj/3a6aJjEVRTzs="></latexit>

⌧⇤

columns
. . .

user 1 user 2 user L

A : A1 A2 AL
n

x : . . .x1 x2 xL

>

B columns

. . .

user 1 user 2 user L

A : A1 A2 AL
n

x : . . .x1 x2 xL

>

B columns

<latexit sha1_base64="qUmghGLV8UQ7DOA6IosZjGUawmw="></latexit>

M = 2k

<latexit sha1_base64="0fQ0ofVtyMHPj2WppKcHlh0sbec="></latexit>n
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Consider spatially coupled Gaussian     , message vectors                and AMP 
decoding. For any           , we have

<latexit sha1_base64="5MUGzFcxgbrQ46VM4SgX9G9BThU="></latexit>

A
<latexit sha1_base64="755PqBqkq+1zYb8ULwR9Oh1pXOk="></latexit>

� > 0

<latexit sha1_base64="icEpxl1QuWRckkczWalV9sVPZZQ="></latexit>x` ⇠ px̄

Theorem 2 [Liu, Pascual Cobo, Venkataramanan '24](informal)

<latexit sha1_base64="wdCyS46BrZ3g0UstWvCakF2Z09A="></latexit>

lim
t!1

lim
L!1

pAUE  "AUE(⌧
⇤ + �)

<latexit sha1_base64="mGXm04a6iUEbLSmf6L/R0xz21os="></latexit>

lim
t!1

lim
L!1

pFA  "FA(⌧
⇤ + �)

<latexit sha1_base64="w6u1WzHvuciIh85gqP8idl6DqIc="></latexit>

"MD(⌧) := �

Ñ
ln

⇥
B
↵ (1� ↵)

⇤
»

E
⌧

� 1

2

…
E

⌧

é
�

Ñ
ln

⇥
B
↵ (1� ↵)

⇤
»

E
⌧

+
1

2

…
E

⌧

éB�1

<latexit sha1_base64="xHkAI5GqgNwQEg4jBkw4lwq95yc="></latexit>

lim
t!1

lim
L!1

pMD  "MD(⌧
⇤ + �) where

Inner limit:                    with
<latexit sha1_base64="sN+jIZaalmGfqW6CP8eFWUkpV8s="></latexit>

L, n ! 1
<latexit sha1_base64="IIbnvWCFGqmEqNK/vJxPf9dYmQY="></latexit>

L/n ! µ

• Easier to compute than the finite-length bounds


• Can handle large payloads

10/15



<latexit sha1_base64="f96PEhgXR9YIx1gpke0dqABkHDs="></latexit>

k = 6, ↵ = 0.7, µ = 0.28

target total error
<latexit sha1_base64="q/FqXWKWE3z9f6obI2dnzemDH+M="></latexit>

max{pMD, pFA}+ pAUE  0.01
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[Liu, Pascual Cobo, Venkataramanan '24]

What can be achieved without memory or computational constraints? 

What can be achieved with efficient coding schemes?  
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Random binary-CDMA

Approximate Message Passing (AMP) decoding

• AMP decoder can be tailored to prior distribution of 

• Asymptotic                           can be precisely quantified<latexit sha1_base64="jzX+EEh5CRRvE2TBaid63ABJSSk="></latexit>pMD, pFA, pAUE

<latexit sha1_base64="fE9rekceXsKraubATjLuG2KxE+I="></latexit>

X

Efficient scheme

# channel uses
<latexit sha1_base64="o08EN1Q8VOK960WRUSsxXihQYG8=">AAAB8nicbZDLSsNAFIYn9VbjrerSTbAIrkrioropFt24rGAvkIYymUzaoZOZMHMilNDHcONCkW59D/duxLdxello6w8DH/9/DnPOCVPONLjut1VYW9/Y3Cpu2zu7e/sHpcOjlpaZIrRJJJeqE2JNORO0CQw47aSK4iTktB0Ob6d5+5EqzaR4gFFKgwT3BYsZwWAsX9S6wHhEczHulcpuxZ3JWQVvAeXrD7uWTr7sRq/02Y0kyRIqgHCste+5KQQ5VsAIp2O7m2maYjLEfeobFDihOshnI4+dM+NETiyVeQKcmfu7I8eJ1qMkNJUJhoFezqbmf5mfQXwV5EykGVBB5h/FGXdAOtP9nYgpSoCPDGCimJnVIQOsMAFzJdscwVteeRVaFxWvWqneu+X6DZqriE7QKTpHHrpEdXSHGqiJCJLoCb2gVwusZ+vNmsxLC9ai5xj9kfX+A+ralK8=</latexit>

n = ñ

X

x1

x`

·
·
·

xL

. . .

user 1 user ` user L

A : a1 a` aL

<latexit sha1_base64="TMGi0nzn6qliOdIL015+ze4sJpo=">AAAB8XicbZC7SgNBFIZn4y2ut6ilzWIQrMKuRbQRgzaWEcwFkyXMzp4kQ2Znl5mzQljyFjYWimjpg9jbiG/j5FJo4g8DH/9/DnPOCRLBNbrut5VbWl5ZXcuv2xubW9s7hd29uo5TxaDGYhGrZkA1CC6hhhwFNBMFNAoENILB1Thv3IPSPJa3OEzAj2hP8i5nFI11Z7eRixAyOeoUim7JnchZBG8GxYsP+zx5+7KrncJnO4xZGoFEJqjWLc9N0M+oQs4EjOx2qiGhbEB70DIoaQTazyYTj5wj44RON1bmSXQm7u+OjEZaD6PAVEYU+3o+G5v/Za0Uu2d+xmWSIkg2/aibCgdjZ7y+E3IFDMXQAGWKm1kd1qeKMjRHss0RvPmVF6F+UvLKpfKNW6xckqny5IAckmPikVNSIdekSmqEEUkeyBN5trT1aL1Yr9PSnDXr2Sd/ZL3/AMu6lAQ=</latexit>

ñ

or all zeros

<latexit sha1_base64="8f7zBMOWS0Tz7Ihl7GWJ+jMnixo="></latexit>

k

bipolar symbols
<latexit sha1_base64="SYBE8rSxET/FkLOm4U43L+ZpJbo=">AAAB+3icdVBNS8NAEN3Ur1q/aj16WVoEQShJbWtzK4rgsYJthSaUzXbbLt1s4u5GDCH/wrMXD4p49Y94679x2yqo6IOBx3szzMzzQkalMs2pkVlaXlldy67nNja3tnfyu4WODCKBSRsHLBDXHpKEUU7aiipGrkNBkO8x0vUmZzO/e0uEpAG/UnFIXB+NOB1SjJSW+vmCQ7mTOKHvyBuhkvPUSfv5klm2G7VatQLNsmna1dqxJrZtWw0LWlqZodQsOkf302bc6uffnUGAI59whRmSsmeZoXITJBTFjKQ5J5IkRHiCRqSnKUc+kW4yvz2FB1oZwGEgdHEF5+r3iQT5Usa+pzt9pMbytzcT//J6kRo23ITyMFKE48WiYcSgCuAsCDiggmDFYk0QFlTfCvEYCYSVjiunQ/j6FP5POpWyVS/XL3Uap2CBLNgHRXAILHACmuACtEAbYHAHHsATeDZS49F4MV4XrRnjc2YP/IDx9gFanphP</latexit>

2 {±
p
E}

<latexit sha1_base64="8f7zBMOWS0Tz7Ihl7GWJ+jMnixo="></latexit>

k

•                          with prob.    , or all-zero with prob.<latexit sha1_base64="pjJFf1FC37XydWAeMb5cNlVnjD0="></latexit>↵
<latexit sha1_base64="ccBN0+OsFiN9OIBCIU9uMlA8VOM="></latexit>

x` 2 {±
p
E}d <latexit sha1_base64="clD4UNTpnMHViTcSmdKKYM1kQrg="></latexit>

1� ↵
<latexit sha1_base64="rr+t13FkXMtBS3ZEtBH7e2ux+UE="></latexit>

k

• Channel output:
<latexit sha1_base64="v8CXOlTl0GV2XunzF+n1GJ5tyTs="></latexit>

Y =
P

`2[L] a`x` + E = AX + E 2 Rñ⇥
<latexit sha1_base64="rr+t13FkXMtBS3ZEtBH7e2ux+UE="></latexit>

k
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<latexit sha1_base64="f96PEhgXR9YIx1gpke0dqABkHDs="></latexit>

k = 6, ↵ = 0.7, µ = 0.28

target total error
<latexit sha1_base64="q/FqXWKWE3z9f6obI2dnzemDH+M="></latexit>

max{pMD, pFA}+ pAUE  0.01
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Summary

• Efficient schemes via random binary-CDMA + AMP decoding

15/15

Many-user Gaussian multiple-accessMany-user Gaussian multiple-access with random user activity

• Two sets of new achievability bounds

- Finite-length bounds: random coding + maximum-likelihood decoding
- Asymptotic bounds: random coding + AMP decoding

• Future directions: compare with converse bounds;

         extension to unsourced random access

Correspondence to: {xl394, pp423, rv285}@cam.ac.uk

mailto:rv285%7D@cam.ac.uk

