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Motivation

m Multicast beamforming with fully-digital precoders has been
widely studied in the literature.
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m Multicast beamforming with fully-digital precoders has been
widely studied in the literature.

m However, the benefits and challenges with hybrid precoders
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Motivation

m Multicast beamforming with fully-digital precoders has been
widely studied in the literature.

m However, the benefits and challenges with hybrid precoders
require additional study.

m We investigate the joint design of hybrid precoding and analog
combining for max-min fairness single-group multicasting in
millimeter-wave systems. We propose LB-GDM, a
learning-based approach that leverages (i) gradient descent
with momentum and (ii) alternating optimization.
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Motivation

m Features of the proposed scheme LB-GDM

— Has low complexity [compared to SDR]
— Leverages alternating optimization [several parameters]
— Is based on learning with gradient descent with momentum

m QOur proposed design does not require:

— Code-books
— Solution with a fully-digital precoder.
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System Model
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Hybrid Precoder

Hybrid s
precoder

N RF
 m e CNix x1; digital precoder

RF
F € FNe<XNex . analog precoder
NEF T 2m(Liy—1)
F F = {x/étx,‘.., Otxe  Ltx }:

set of phase shifts

Moo

J .
Fully digital N Nix: number of transmit antennas
precoder® _ Y N&F: number of RF chains
l-r: — Ltx: number of phase shifts
NEF = Nix
Figure: Hybrid and fully-digital precoders Y
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System Model

The downlink signal is
x = Fms (1)

The received signal by user k € K is

H H
yr = wi Hpx +wy'ng, (2)
N——
multicast signal noise

wg: combiner of the k-th user

F': analog precoder

m: digital precoder

Hj.: channel between the gNodeB and the k-th user
K: number of users

K ={1,...,K}: set of users wi
s: multicast symbol
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System Model

The received signal by user k € K is

yr = wi HyFms + wing, (3)
—— N
multicast signal noise

The SNR at user & is

_ |wHH Fm|”

2
o? || well3

Vi , (4)

wy: combiner of the k-th user

F': analog precoder

m: digital precoder

Hj.: channel between the gNodeB and the k-th user

K: number of users o
K ={1,...,K}: set of users C
s: multicast symbol
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Problem Formulation

wi Hi,Fm
ngb © max min W (5a)
Fom {wi}i, FEX o2 w3
S, [Em|f} = Po, (5b)
[F],, € F.q€ QreR, (5¢)
HwkH2 =P kek, (5d)
(W], e W,l € LYk € K, (5e)
= {\/@, R 6txej ZW%K?I) }: allowed phase shifts at the precoder
= {\/E, U 5rxej 27((%:;71) }: allowed phase shifts at the combiners
Lix: number of phase shifts at the precoder [0
Lyx: number of phase shifts at the combiners P S
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Proposed Solution

’wakaf

(6a)

hyb .
P”” :max min

F kek 02 Pmax
s.t. |Fm|3 = P3™, (6b)
[F],, € F.qe Q,r €R. (6¢)
PP max min ‘waka‘Q (7a)

2 Tm kek
s.t. |Fm|? = P2™. (7b)
H 2

wy, HFm
PP . max min M (8a)

{(wi i, keX o? [lwill
s.t. [wi], € W,l € L,VEk € K. (8b)
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Optimization of the Analog Precoder F

Py ‘max min —02 Pmax (9a)
s.t. |Fm|5 = Pmax, (9b)
[F],, € F,.q€QreR. (9¢)

—=hyb
We equivalently recast Plyb as P, Y

fhyb - max min HFHHk, WL W Hka
1 F  kek mIFAFm
s.t. [Fl,. € F.q€ Q,reRr.
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Optimization of the Analog Precoder F

Instead of approaching (10), we propose to solve the surrogate
problem (11), which consists of a weighted sum of all

r__ mIFIHIw, wHH,Fm
Ty = mAZFHFm

, as shown in (11)

K HpHypH H
~hvb m " F Hwiyw, H,Fm
Py tmax ch mI]fIFHan (11a)
k=1
s.t. [F],, € F.q€ Q,r €R, (11b)

where ¢ > 0 denotes the k-th weighting factor
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Optimization of the Analog Precoder F

Notice that
< e ((F7F) ' P wywl H,F)

— wlH,F (FIF) " FHH w,, (12)

F
‘]k

Where Amax(+) extracts the maximum eigenvalue. Upon replacing
7 in (11) by its upper bound J{, the problem collapses to

K
pb. > awlHF (FIF) " AL 1
P max 2 cpwy, Hy, ( ) b W, (13a)
s.t. [F]q,r e F,qe Q,r € R. (13b) B
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Optimization of the Analog Precoder F

Algorithm 1: Optimization of the analog precoder

1)

Input: The precoders F(*=1 m*~1) and receive combiners {wff*l)}
’ k=1

Output: The analog precoder F(*)
Execute:
© Calculate the weights c< ) ,Vk € K.

Compute VJF = K Mg gFy HVFJFH
Compute the normalized gradient VJ;f) =vJty HVJFHF
Compute F(Y) = F(t—1) pFF(t,_l) + aFVjI(f).

best
Project [F(t)] — IIF [F(t)] onto F to satisfy (8b).

a,m

q,T
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Optimization of the Digital Precoder m

Algorithm 2: Optimization of the digital precoder

Input: The precoders F™), m(*~1) and receive combiners {w,(ffl) }k )

Output: The digital precoder m(*)
Execute: .
© Caleulate the weights d\”), Vk € K.

Compute VJM = oK | d,(:>VmJ,iVI/ ‘ij;y
Compute the normalized gradient V.J(%) = v.JM /HVJM HQ
Compute m(? = m®~Y 4 py, m<: Yyau VJ(t)
Normalize m(*) «+ Pgaxm(t)/r ‘ .

2

Fm(®
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Optimization of the Analog Combiner wy,

Algorithm 3: Optimization of the k-th combiner

Input: The precoders F®, m® and the receive combiner w,(j_n
Output: The receive combiner w(f)
Execute:
I: Compute Vi, ,ZV
2 Compute Vu, Jiy) = YV /|| oy 1Y |
3: Compute wfﬁ = w,(f_n + pw wé;l ; + aw Vw, J(t)
4 Project [W‘E:)]l «— Iy [ ,it)L onto W, VI € L to satisfy (12b).
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Optimization Algorithm

Algorithm 4: Proposed LB-GDM scheme

Initialize:
I: Assign [F‘O)] «6.g={1,...,Nix}.7 « mod (q, )+1
a.r

0 T &~© T
m©@  [10,, wrr_y] W (105w 1)] T VR €K

2: Assign Fieg = 0. Mpeq < 0 and {Wiest,x } < 0.
3 Assign aF + QR @M — QMg AW Qwg-
4: Assignt < 0, yp < 0.
Execute:

S for ixpr = . prr do (exploration phase)
6: for ixpe = 1 , Nxpt do (exploitation phase)
7: Com F<°> @, fw®VE  via Algorithms 1, 2, 3

: pute .m'?, {w,c }ki1 via Algorithms 1, 2, 3.
8: Find the minimum SNR, Ymin, among all users.

if Yoin > YT

10: Assign Fop < F® L Mgy m(®) A Wop, k}k L= {w(') ot
11: AsSign Y7 < Ymin- -
12: end if

13: Update avr — 0.98 ape, aepg +— 0.98 apr, aw +— 0.98 amw.

Increment t <t + 1.
end for

16: N t) @ ¥
6: Assign F,N + Fop, mhN — Mop. § Wi 1o
Ny -

17: Randomize F®), m(® and {w ‘>} _, enforcing (3b) - 3.

18: Assign aF = aFg. M < QMG AW < aw,
£ 0 0 0" MA
19: end for
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Simulation Results - Scenario |

Goal: Evaluate the impact of exploration (Nyp,:) and exploitation
(Nspt)

Table: Simulation parameters

Description Symbol Value Units
Transmit power P 30 dBm
Receive power prax 10 dBm
Noise power a)5 30 dBm
Number of users K 30 -
Number of transmit antennas Nix 15 -
Number of receive antennas Nrx 2 -
Number of RF chains (at the hybrid precoder) N&F 6 -
Number of phase shifts at the precoder Lix 8 -
Number of phase shifts at the combiner Lyx 4 -
Number of exploration instances Nxpr 100 -
Number of exploitation instances Lxpt 100 -
Momentum factor PF =PM = PW 0.90 -
Diminishing learning factor ap = ap = aw 0.98 o o
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Simulation Results - Scenario |

Minimum SNR
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Figure: Impact of exploration (Nyp,) and exploitation (Nyp). G
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Simulation Results - Scenario |l

Goal: Evaluate the impact of the number of antennas Ny, and N,y

Table: Simulation parameters

Description Symbol Value Units
Transmit power prax 30 dBm
Receive power prax 10 dBm
Noise power ;% 30 dBm
Number of users K 50 -
Number of transmit antennas Nix {8,12,16} -
Number of receive antennas Nix {1,2,3,4,5} -
Number of RF chains (at the hybrid precoder) N&F 2 -
Number of phase shifts at the precoder Lix 8 -
Number of phase shifts at the combiner Lyx 4 -
Number of exploration instances Nxpr 100 -
Number of exploitation instances Lxpt 100 -
Momentum factor PF =PM = PW 0.90 -
Diminishing learning factor ap =apy = aw 0.98 -
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Simulation Results - Scenario |l

EDH\erzl DDH\er:Z BBMMX:B BBH\N“:4 BHHW”‘:S
Fgo v =1 EEoiNec=2 FgOINex=3 FEOINx =4 0N =5

3 T T

Minimum
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Figure: Performance evaluation of LB-GDM for varying Niy and Ny in i
fully-digital (D) and hybrid (H) precoders. P
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Simulation Results - Scenario Il

Goal: Compare the performance with a SDR-based scheme

Table: Simulation parameters

Description Symbol Value Units
Transmit power prax 30 dBm
Receive power prax 10 dBm
Noise power 0’92 30 dBm
Number of users K {25,50, 75,100} -
Number of transmit antennas Nix 20 -
Number of receive antennas Nyx 3 -
Number of RF chains (at the hybrid precoder) N&F 6 -
Number of phase shifts at the precoder Lix 8 -
Number of phase shifts at the combiner Lyx 4 -
Number of exploration instances Nxpr 120 -
Number of exploitation instances Lxpt 120 -
Momentum factor PF = PM = PW 0.90 -
Diminishing learning factor ap =ap = awy 0.98 -
Number of randomizations (SDR-C) Niand {1, 10, 50, 100, 500, 1000} - st
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Simulation Results - Scenario Il
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Figure: Performance comparison between LB-GDM and SDR-C
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m We investigated the design of fully-digital and hybrid
precoders for single-group multicasting using a learning-based
scheme, LB-GDM.

m Our proposed low-complexity LB-GDM uses only matrix
multiplications / additions and low-dimensional matrix
inversion operations.

m We compare the performance of precoders based on SDR-C
and LB-GDM. The results show that LB-GDM attains substantial
additional gain for both digital and hybrid precoders.

m We corroborate the importance of incorporating more receive
antennas. We achieve 75.7% and 100% gains in terms of the
minimum SNR by increasing the number of receive antennas
from one to two.
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