ANTENNA SELECTION FOR LARGE-ScALE MIMO
RECEIVERS WITH LOW-RESOLUTION ADCSs

Jinseok Choi, Junmo Sung, and Brian L. Evans

The University of Texas at Austin
Electrical and Computer Engineering
Wireless Networking and Communications Group
Embedded Signal Processing Laboratory

PRESENTATION DATE

April 19,2018
The University of Texas at Austin v |
@ WHAT STARTS HER:::S(,:HANGES THE WORLD @ m ‘ ESPL



== VISION FOR 5G COMMUNICATIONS
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== LARGE-SCALE ANTENNA SYSTEMS FOR 5G
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Millimeter wave communications

* High frequency: 30 — 300 GHz
* Large bandwidth: |00MHz — |GHz
* Large pathloss / blockage
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[IBM mmWave antennas]
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Massive MIMO in sub-6 GHz systems

* Substantial increase in spectral efficiency of antennas
* Channel hardening — reduced randomness

* Quasi-orthogonal channels E

g

Tens / hundreds

[Bristol and Lund universities]



== MOTIVATION

1 New energy-efficient receiver architecture

Conventional low-power solutions (A, B)

Low-resolution ADC systems | Phase shifter-based hybrid system

New low-power solution

Switch-based hybrid low-resolution ADC system
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* Fixed low-resolution ADCs (<<12) * Fewer RF chains (Ngr < N,) \. J —
 Full RF chains (Ngr = N,.) * Full resolution ADCs
Focus on full RF chains (Ngr = N,.) ||Phase shifters — implementation burden Switch-based analog combiner: antenna selection

------------------------

Develop antenna selection algorithm generalized for different quantization levels

*

Fast antenna selection **Zero forcini-transmit antenna selectior



== SYSTEM MODEL

Proposed receiver architecture d Multi-user MIMO upllnk System

. . = Single cell environment
Switch-based analog combiner
// Low-resolution ADCs = N, Rx antennas
V // - / K}*ntennas / \\ = Select K antennas
Y .><.-"“'=. . . A = Serve N, < K users
I " 51 .
— = Single-antenna user
B = b=
i Baseband | .
| o . Combiner | d Rx analog baseband signal vector
N, ‘o ' : ; * Narrowband channel model
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Channel matrix ----------- /
K antennas are selected from N, antennas

1 Rx signal vector after antenna selection

re = /pPHgs + ng

Index set of selected antennas

Antenna selection




== SYSTEM MODEL

Proposed receiver architecture J Quantized signal vector

Switch-based analog combiner
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C(Hx) = log, ‘IK + pu® (0’Tx +Req)| HHE ‘
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Quantization noise variance (assumes Gaussian q)

» Linear approximation by using AQNM*

y = Q(Re{y}) +7Q(Im{y}) eSOy

={ a\/;TuH,CS —|—‘\Q¢Z[1]C +«q q
Lmear quantization gam Addltlve quantization noise

* Linear quantization gain
a=1—0 <|

EHy T yCI|2] ~ 7.‘-\/§2—2b
IS 2

= Quantization noise covariance

Rqq = o1 — ) diag(pHcHE + 1)

b=

Diagonal matrix

*Additive quantization noise model




== PROBLEM FORMUATION

 Mutual information maximizing antenna selection
= Select antennas to maximize mutual information

H«) = H
C(Hi-) =, max _ C(Hg)

= Approaches

---------------------------------------------------

Optimal Exhaustive search (IX}" )
Approach

Suboptimal Greedy search K
Approach feasible

---------------------------------------------------

I
1
1
1
1
1
1
1
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————————

Not feasible

* Mutual information under coarse quantization

C(H/C) = log,

Ik + puc ( QIK‘I'qu,) 1H/CHIIg‘

o ——




== GENERALIZED GREEDY SELECTION MEASURE

1 Greedy mutual information maximization solution

At (n+1)th antenna selection

D11 = diag(1+ pu(l — )i I*)

C(Hn—l-l) — 10g2 ‘IK +puaDn+1Hn-|-1Hn+1|

£ ith row of H

Matrix determinant lemma
[rommmmmmmm- @) N A +uv?| = |[A|(1+v7TA )
={C(H,)H+ log, ( 1+, ﬁECK(n—H)m@

‘";1 """"" . IC(n—|—1)l“"§ """""""

Function of previous antennas =TT

™~ Functions of (n+1)th antenna

Mutual information gain Quantization error penalty

d/C(n—l—l)

i| VS.

----------

WIS

------------

Mutual information increase
from selecting (n+1)th antenna

Quantization error penalty
for selecting (n+1)th antenna

Cj
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J = arg max
J
Generalized FAS
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Gain vs. Penalty




1 Complexity reduction

= Matrix inversion is involved in Ml gain

1
T (I+puaH£;’ D,;lHn) f,

Matrix inversion requires high complexity

= Simplifying Ml gain update

Matri
Qrer = (B ML Do o) L
=Q, — aall lemma
dj

where a = (Cj’n +

——————————————————————

————————————— ——— -

Matrix inversion lemma

(A+UCV) t=A"1— A lU(C '+ VA IU) tvA?

)" 2Quf; and Qo = Iy,

= QUANTIZATION-AWARE FAST ANTENNA SELECTION

 Proposed algorithm

Quantization-Aware Fast Antenna Selection (QAFAS)

1) Initialize: 7 = {1,...,N,.} and Q = L

2) Initialize antenna gain and compute penalty:
c; = ||fj||*and d; = 1+ p(1 — «)||f;||* forj € T.

3) Select antenna l J = argmax, 1 c;/d; v

————————————————————————————

4) Update candidate set: 7 =T \ {J}.

_1
5) Compute'az(c,]—i—il) Qf;and Q = Q — aa’.

7) Go to step 3 and repeat until select A antennas.

Complexity O(K Nr Nu)




== Rate-Maximization Antenna Selection

d Asymptotic complexity analysis J Proposed algorithm

= Complexity for step 5: O(KN?) Quantization-Aware Fast Antenna Selection (QAFAS)
1) Initialize: 7 = {1,...,N,.} and Q = L

* K iterations x Inner product Qf

2) Initialize antenna gain and compute penalty:

= Complexity for step 6: O(KN,-N,,) ¢ &2 and d; =1 + p(1 — ) |£||? for j € T

e K iterations 3) Select antenna : J = argmanET Cj/dj-

x Ny updates 4) Update candidate set: 7 =7 \ {J}.
H 1
x Inner product f; a 5) Compute: a = (¢ + %al) 2Qf; and Q = Q — aa’l.
= Large antenna arrays (N, > N,)) 6) Update c; = c; — |f7a|? for j € T
Overall complexity becomes O(K Nr Nu) 7) Go tostep 3 and repeat ur:fl_l__silicff.{g_?ﬂfennas'
Complexity i O(K NrNu) i

same as FAS [Gharavi-Alkhansari04]



== SIMULATION - SUB-6GHz SYSTEM
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Quantization error dominates thermal noise
: QAFAS is effective under quantization error

Quantization error becomes negligible
: generalization of FAS algorithm

128 antennas, 2.4 GHz carrier frequency, |0 MHz bandwidth, 10 users, 2km cell radius, |00m min. user distance to BS




== SUMMARY OF CONTRIBUTIONS

/ ( Generalized selection measure \\

C .
° ° - ]’n
Switch-based hybrid low-res. ADC system J = arg mjax 4.
J
Switches _ Tradeoff between mutual information gain
Low resolution o
V \_ and quantization penalty )
O )
@
1IN 5 $
—° 8 Quantization-aware FAS D)
. Baseband
* Combiner FEUCTI _
. Wge : \ 1) Initialize: 7 = {1,...,N,} and Q = In,,.
N ° ¢ WBB 2) Initialize antenna gain and compute penalty:
" ‘K c; = |If||2andd; = 1+ p(1 — a)||£;|2 for j € T.
V 3) Select antenna : J = argmax;.r c;/d;.
\ * J N 4) Update candidate set: 7 = 7 \ {J}.

5) Compute: a = (cj + %)_EQfJ and Q = Q — aa’l.

6) Update c; = ¢; — |f/7al* forj € T.

k Q Go to step 3 and repeat until select K antennas. / /

Antenna selection
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== GREEDY MI-MAXIMIZING ANTENNA SELECTION

i i i T quantization noise covariance
' Mutual information expression Lo e oLt + 1)

v
= C(Hy) = log, ‘I + pa® (a’T + RqQ)_lﬂ’CH’Ig‘
= log, ‘I-I— paD,?;lH;cHg‘ where Dy = diag(1l + p(1 — Q)Hfic(z')H2)

= At (nt+l)th selection stage

C(Hp41) = logy |14 paD, H, 1 HY

= logy I+ paH, 1D, 1 Hpiy e (n+1) th row of Hn+1

I+ pa(HfD;1Hn+

— 10g2 f]C(n+1)f,é_I(n+1))

CéllC(n—l—l)

Diagonal entry of D corresponding to fkn+1)
po

@) -1
— H Hpny—1
C(H,) + log, <1+ i) CIC(n—l—l),n) where ¢xc(ni1)n = £ (i) (I—I—paHn D Hn) fic(nt1)

where (a) comes from matrix determinant lemma |A +uv”| = |A|(1 4+ v7 A" u)



== SIMULATION — MILLIMETER WAVE SYSTEM

MmWave Channel
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