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Gaussian multiple-access channel (GMAC)
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Many-user multiple access
with random user activity

Yy = Z c)+¢e€R”
(e L]

* each user active w. p. v, K, active users

e active user density /. := E[K,]/n=al/n
e fixed user payload £ bits

e energy-per-bit constraint: ||c/||5 < E := Epk

* errors: probabilities of mis-detection pump, false alarm ppa ,
active-user errors PAUE

Linear scaling regime: L,n — oo with « and [ta fixed.

Given (5 , what is minimum Ej, /Nj required to achieve target error rates?

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

Random coding

e Each user £ € [L]| has M = 2" codewords {C§€)7 Cg)a e Cg\? (iid Gaussian)

* )V denotes set of transmitted codewords, with size K, = |W|

Maximum-likelihood (ML) decoding

* ML estimate of #active users: K] = argmax p(y|K.)
Ka€lke:ku]
/

e Search for ML estimate of W given sizein [K, — 7, K., + 7], r >0

. W denotes decoded set of codewords, with size f(\a — W\/\\

INgo, Lancho, Durisi, Graell i Amat '23] 4/15



1 _—
mis-detection pvmp (= E |1{K, #0} - 7 Z 1{w, =0}

& (lwe)EW
— 1
false alarm pra = E | 1{K, # 0} - = Z 1{we, =0}
I Y p.(,w0)EW .
. 1 _—
active user errors  pave ‘= E [1{K, # 0} - 7 Z 1{wy # we}
T 0(we)EW |
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Theorem 1 (informal) [Liu, Pascual Cobo, Venkataramanan '24]

Consider iid Gaussian codebooks that satisfy the energy-per-bit constraint, and
the maximum-likelihood decoder with decoding radius » > 0. Given L, n, k,

and for fixed E /Ny, we have

oD < EMD (L n, k, o, f,g r) where

EMD — Zp Ka; L, ) > > >1 mln{pt t? §(Ka, K )}

Kl tETtET
Y P 2
§ Ullmin, V) (0 =) H (DAY
. |
=0 V(tmin) Foa
prA < €A (L n, ko, K2, 7“) PAUE < EAUE (L n,k, a, 3t T)

Paper provides general version for any distribution of K,

b
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Finite-length achievability bounds
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Finite-length achievability bounds
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Finite-length achievability bounds

L =50,n=2000,k=8,a=0.5
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Computationally prohibitive for moderately large L, n
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Asymptotic achievability bounds

Random coding

M — ok U5 1 user2 user L ] spatially—cpupled
columns | | 5 4 Gaussian A
A Ay A, Coe A; n
- v
x| T R R ;| !

 Channel output: Yy = Z Ayxy+e=Ax + ¢
e L]

e ) ~ Pz one-sparse with prob. « or all-zero with prob.1 — «
Approximate Message Passing (AMP) decoding
Initialise £ =0, for ¢t > 1

Modified residual 2" =y — Az’ +v© 2"}
Updated eStImate wt+1 — 7’]15(875)7 Where St — a.;t _|_ (Qt @ A)th
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user 1
M = 2F <
columns
A : Aq
€T L1

user 2 user L

Asymptotic fixed-point of AMP

Can be characterised via single-user channel

Sr+ =& + VT*QGRM

f \

Where 7" is the global minimiser of potential function:

1
F(r)=1(&;s8,) + —
244
_ Ny Ny |
E|.
with 7 € 5 5 + _

(i) - (- 7).

[Barbier, Krzakala *14], [Yedla, Jian, Nguyen, Pfister '14], [Hsieh, Rush, Venkataramanan ’'22], [Kowshik ’22]
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Theorem 2 (informal) [Liu, Pascual Cobo, Venkataramanan '24]

Consider spatially coupled Gaussian A , message vectors €, ~ pz and AMP
decoding. Forany 9 > 0, we have

lim lim pyp < emp(7" 4+ 9) where
t—oo L—00

B-1
n[2(1-a)] 1 [/E n[2(1-a)] 1 [E
81\/[[)(7’) =@ < — A/ — | D ol 4+ =4/ =
/| E 2V T /| E 2V T
lim lim ppa < epa (7" +9) lim lim paug < eave(7 +9)

t—o0 L—00 t—o0 L—00

Inner limit: L,n — oo with L/n — p

e Easier to compute than the finite-length bounds

e Can handle large payloads
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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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Efficient scheme

Random binary-CDMA

user 1 user ¢ user L X

4 | | i | X ] [ ]
n | | | | | I

# channel uses ' N

> || A1 | ag - - - a4y

n = nk‘ | | : : |

: 1 -
""" — k bipolar symbols € {+V E}
or all zeros

Ly,

* Channeloutput: Y = ), yaxe +E=AX +E € R Xk

k
e x;, € {+VE} with prob. o, or all-zero with prob. 1 — a

Approximate Message Passing (AMP) decoding

e AMP decoder can be tailored to prior distribution of X

* Asymptotic pmD, PrA, PAUE can be precisely quantified
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Summary

Many-user Gaussian multiple-access with random user activity

* Two sets of new achievability bounds

- Finite-length bounds: random coding + maximume-likelihood decoding

- Asymptotic bounds: random coding + AMP decoding

e Efficient schemes via random binary-CDMA + AMP decoding

* Future directions: compare with converse bounds;
extension to unsourced random access

Correspondence to: {xI394, pp423, rv285}@cam.ac.uk
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