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Introduction and Motivation BGOD strategy Simulation Results
e Random access (RA) is a key yet challenging component of the ain U BS L =20 Kozt — 3. Ko s — 3,7 — 4, SNR = 30 dB
communication process between User Equipment (UE) and base H—0- | T | ) K T = -
station (BS) in 5G and beyond 5G (B5G) wireless networks. Moving devices k g y ‘ oP AP
e We consider K users consisting of Kj; mobile and K¢ stationary — ' e
users. 1 ‘__| Data JH‘ iP:S-BGOD 1
o K, < K users aim to access the BS and send their data within Fied dovice ) T v | %E;;BB;?S |
time interval 1. Figure 4: BGOD scheme Efa,M'BGOD
e The channel is considered to be flat within the coherence interval T'. 0.2} jp::;vv
* B5 with N-element antenna array+ single-antenna users o dolve the following goal-oriented optimization that encourages the 0F \:: » —
angular sparse feature with the goal of active user detection in mind. B
ve(CNI,nZig(CNXT Re(vq) + Re(tr(W)) + ;HY — Y| (a)
YreC weCh! o =128 Ly = 20, Kig = 3 Koy = 2, SNE = 30 dB
s.t. TZ(Z) If/ =0 Y "= —-2c1Pq(Z). (1)
® Obtain the dual matrix variable V' corresponding to Y ™. o
© Find the angles that maximize the £ norm of the goal-oriented dual 06
polynomial function g¢(8) = (PLY (V) a(8).
o Place the angles into several clusters. 0.47
© Use alternative minimization to jointly recover the data and channel gains of
active users. 2
Figure 1: A typical uplink massive access scenario o— A o o—
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e BGOD unique features
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o Arbitrary channel distribution

e- RA response |s—

3 == Connection request

: . S : N =128, Ly = 20, Ky 5 =5, K,y = 3,7 = 3,SNR = 30 dB
@ Arbitrary noise distribution 1 Shes Tl & |

© Not dependent on the total number of users.

o The allowable number of active users is directly related to the

é Contention resolution [~ 4 computational complexity that BS can bear.
5 Sats |__+r @.Communication C(?StS at the use.r side are som.ehow .transferred o o
into the computational complexity at the receiver side. 0.4 / —e—Pfi BGOD
UE BS 0 BGOD finds the information of active users without searching. < P4 mBGOD
1 ) [ Preamble‘ Pilot Data-l% 0ol P, ,-BGOD

@ BGOD performs active user detection, channel estimation and

é‘l RA response and contention resolution 1=} 2 data recovery. | A
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Figure 2: Prior RA schemes: Top image: Four-step RA. Bottom image: Two-step RA. M
K =100,K, =3, Ly. =3, N =32, SNR = 50dB, T = 1
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Challenges and Limitations of prior works i ® 990 i Figure 7: Kg = 1500, Ky, = 500. Detection
accuracy.
. . . 0.8 7 A =128, L = 20, Kot = 3,7 = 4,SNR = 30 dB1 N = 128, Lo = 20, K5 =4, T = 4,SNR = 30 dB _
v" Limited number of allowable active users. o =
v A huge waste of resources for RA. 0.6 | : - erseoon | e
v" Not suitable for fast fading channels. 04l lqc(0)) | | eriaoon ] peeets
| — 2 e puyeeon o e
v Direct dependence on the total number of users. : o2 [T 02 e
. S . 0ol - estimated angles| e =y = EE
v Massive connectivity is impossible. —ooriginal angles 24 s s S
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Figure 5: {9 norm of the goal-oriented dual polynomial function k : e
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Figure 8: K¢ = 1500, Ky = 500. Detection
accuracy.
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Goal: Active user detection

Amplitudes
(-
@)

- N

Perform a "searching” task

to find the information of active users Does not use pilots for channel estimation
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Figure 3: Angular sparse feature of channel.

Expensive Optimization Problem

Stationary users do not spend any resources for RA

Ly, wastes huge resources
Channel Model: hy = pi. © ozfa(&lk) c CNx! ,
[=1 Directly depends on Extremely simple and cheap

. K
The observation model at BS: Y = Po(Y ) = Pq (kil hkqbf) + E the total number of Users

¢;.: the transmitted data ot kth user. Mobile users have to use a preamble for their ID
L;.: number of multi-path components of k-th user.
(): the set of observed antenna elements.

pr: Large scale fading coeflicient

Computationally intractable for massive access

Figure 6: Our contributions in connection with prior RA works.



