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Background
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e Massive MIMO

High array gain, high throughput, low transmission power

Full digital architecture
Excessive cost, complexity, and energy consumption

Hybrid architecture
Effectively reduce the number of RF chains

Analog precoder + Low-dimensional precoders
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Background GllobaiS/[IP

Necessity of frequency-domain scheduling

Full digital architecture

_ _ Unnecessary!
Channel hardening; Plenty spatial degrees of freedom

Hybrid architecture Necessary!
Reduce the spatial degrees of freedom

BUT existing work on hybrid precoder mainly focus on single-subcarrier
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System Model GiobaiS/IP

:For data transmission, the received signal of the:

Ek-th user on the n-th RB (UE,) :
_ RH _ H

ynk - hnkVWnank + Zielkch hnkVanan + an :

¢ L]

Single-cell downlink SDMA-OFDMA massive

MIMO system Analog Precoder : V

M ant ; L RF chains; : i
b= il : Digital Precoders : (W

N resource blocks(RBS) ; Set of UE
nk

K users served N RBs
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Problem Formulation GilobaiS[IP

Maximize the sum rate of all served users subject to the maximal transmit power of the
BS

V{W&Zn e Log (14 SINR )

Joint optimization

non-convex g > maximal transmit power of the BS
StZ—1Zqu‘VW Sl‘“ﬁ’&
(V] |=tm=1.. . MI=1..,1
...... ML eesssnnessnsssassnsnsnsnannnnnnnnnnnnnnnnnd Constant modulus
where
SINR Mo Wo
e aw,] o Difficulties:
Joint optimization
Wideband analog precoder
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Precoder Design GirobaiS/[IP

Alternating Optimization Algorithm

Flrst omit the phase-only constralnt

Equivalence between sum rate maximization problem and weighted sum mean square
error (MSE) minimization problem

PRI LIEECPTEELERED » weight for the data of UE
mln Zn 1Zke nk nk 1Og Fnk':)
Wnkt ’Cn ---------------------------------- } MSE
Stz _1Zkelcn ‘VW max
where
H H
6nk = Zjejch gnkhnk o 29‘{:{gnkhnk\/W }
.............................. > the rece|Ve f||ter Of UEnk

convex for each individual variable of V, W .t and 9, when given the others
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Precoder Design GilobaiSIP

1.Intiatize\/ and {Wnk} that satisfy the power constraint
2.Calculate 9, 3.Calculate €, and t

4.Digital precoder: w_, =t g’ (Zjelcn t, 19, EAVAL VAR AN V) Vih

nj nj
------------ :the lagrangian multiplier

A

‘n --------

*
*

5.Analog precoder: v= (Z:_l pI (tnk T S (W:an )T ® (h:'khnk) +-::ﬂ:::-(wnkwrk )T ® |D—1

T
Z:I=1 Zke/cn tnk g:I'( (W:k) ® hnk

6.|Repeat steps 2~5 until convergence Alternating!
7.Update [v]ml <« %
“:V]ml
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Precoder Design GirobaiS[IP

A low-complexity algorithm

: First, omit the phase-only constraint

L]
. v,

.
-----

N -
Decoupling s.t. Z:; Tr (D,) < P, downlink channels h! v
RVZELV 2 - —
] VV_'.- > Proposition :

An analog precoding matrix with
................................................... orthogonal columns is optimal for

: Optimize digital precoders : sum capacity maximization

L Steps 2~4 of alternating optimization algorithm
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Precoder Design GirobaiS/[IP

By assuming a fuII digital system and the channels of all users are orthogonal
2

O

I:Dn]ii — /l _ ,Cn(l)z
hn’cnm
K . the water-level variable that is chosen to ensure ZHN:I Tr (D,) = P,

: Given D, and__ optimize V. semi-definite relaxation (SDR) method VV" = Q

max Z log det (DnITI:QITIn + I)
n=1

st. Tr(Q) = L

Q.20 » Q is positive semi-definite
rank (Q) =L

[V .,

Employ the Gaussian randomization method to obtain the analog precoder V| Update [V < vl
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Simulation results GilobaiS[IP

» divide all RBs into B groups and schedule the same users for the RBs in each group
e B=1:SDMA-OFDM B>1:SDMA-OFDMA

P Of the BS 46 dBm

The cell radius 250 m {/Cn } 8

The path loss model 35.3+37.6log,, (d)

SNR 10 dB
Channel Model

3GPP 36.873 UMa/NLOS
8 x 8 planar antenna array

Methods for comparing

“Random scheduling” : select users randomly
for each group

“Greedy scheduling” : select users providing elevation angle:| —45".45" |
the maximal sum rate for each group azimuth angle: [_60°, 60°]
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Simulation results GlobaiS/IP

E‘{:I T T T
—— Alternating, amplitude+phase
-- & - - Alternating, phase |k, = 8
—H— Low=complexity, amplitude+phase —
S ‘B - - Low=complexity, phase B=16
Random scheduling
T
2
- 1. low-complexity algorithm performs close
"; o to the alternating optimization algorithm
4 no matter when || = 4 or |G| = 8.
E 200 4
[#51
10 1 2. Phase only constraint on analog precoder

leads to slight performance loss for both

0 . algorithms .
=1} =5 [ 5 10 15 20

SNR- (dB)

Performance comparison of the proposed algorithms
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Simulation results GiobaiSTP

(a) Random scheduling

;Ef Baseline: the per-RB performance of full digital precoder
z T 1. “Random scheduling”:
I wspen: Narrrowband, nf;m.ﬁc--:uu'r o larger performance gap between “hybrid” and
8= ) —a— ideband, . Phase-only « _— - .
= 0 —=— Wideband, B = 1, phasconly || full digital” in wideband systems;
E - —i— Wideband, B — 16, phase-only
3 . . . e — larger B , larger performance gap.

8 16 24 32 40 48 56 o4

Number of BF chains (L}
. . (b Greedy scheduling , _ 2. “Greedy scheduling”:
sof- e Increasing B increases the multiuser diversity

gain but reduces the array gain .

45

—%— Baseline: full digital

—o— Wideband, I = 14, phase-only ||

Sum rate per KB (hps/Hz)

wogmm Nagrrowband, phase-only
40 —&— Wideband B =4, phase-only
_ ] —&— Wideband, B = 1, phase-only
15 + 1 1 T T |. T I : =
8 16 4 32 0 e 36 b4 With greedy scheduling,the performance can be

Mumber of RF chains (£)

: _ improved, when both B and L are large
Impact of the number of RF chains and frequency-domain P 9

scheduling
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Conclusions GllobaiS/[IP

. Optimized wideband hybrid precoder and investigated the necessity of
frequency scheduling and the effectiveness of hybrid precoder in
SDMA-OFDMA massive MIMO systems.

. Proposed a alternating optimization algorithm and an efficient non-iterative
algorithm.
. Necessity of frequency scheduling and the effectiveness of wideband hybrid

precoder depend on the employed scheduling method and the number of
available RF chains
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GirobaiS[IP

Thank you for your attention!
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