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Multi-User System model
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Figure: Multi-user system model and scheduling of the k™ UT. There
are M users in the network.
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System model and data transmission scheme

System model

Perfect CSI
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System model and data transmission scheme

Data Transmission Scheme

@ Spatial Multiplexing (SM) with equal power allocation

@ Transmission over m dominant modes of the channel
(H=uUxVvH)

@ Use Vp, the first m columns of V as a pre-coding matrix

@ Input output equation (data transmission):

YB,d = HVmXad +Wg g

@ Need to acquire the matrix V, at Node A!
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System model and data transmission scheme
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System model and data transmission scheme

© Assumptions

@ SM with equal power allocation during data transmission
@ Perfect reciprocity of the channel (TDD System)
@ Perfect CSl at Node B

© Question: What should the RCT signal be?
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Problem statement

Training Sequence Design

@ Reverse-link training:
Yar=H"Xg ; +Wa,

@ Problem: Find Xg , that optimizes a metric

@ Metric:

© Mean Square Error (MSE)
@ Capacity Lower Bound
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Proposed channel dependent training scheme

@ The proposed training sequence:

XB,T = \/ PB,TLB,T¢CUD

where D = diag{dy,...,dn} such that |D||2 = 1 and
Epc =1

@ Received training signal at Node A:

@ Estimate of the k" BF vector:

. Yk A,
o, — Jxar

= JKAT g ck<m
1Vk.Axl2

where Vi a , is the k'™ column of
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MSE performance

Problem Statement

@ Problem:

min
D,¢c:[|D[|2=1,and,Epc=1
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MSE performance

MSE as a metric

1
=0(—=———,
<(PB,TLB,T)2)

2n, — 1 m 1
MSEapprox = < A2 > EY .
o ©

‘EHVm - \7m|||2: - MSEapprox

where
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MSE performance

Optimization problem:
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MSE performance

Solution: MSE as a metric

Lemma

The optimal D and ¢ are given by

d2 _ 9k i 1
‘ Yot @
and - .
* Zi:lo—r 2
Ch Ez.mlo_.,l ( )
= |

The corresponding approximate expression for MSE is

2np— 1 a ?
ElVm — Vm,approxH|2: = ZPB‘AiB (E Jil> . 3)
ST i=1

-
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MSE performance

Performance gains: MSE as a metric

~E— Mse Orthogonal
-2 - = -
10 _e_ Proposed: D = I"B “m and @ =1
—4— Proposed: D in (16) and mc =1
O Proposed: D in (16) and P, in (17)
_s| =@ - Theoretical MSE in (18)
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Figure: MSE versus training power for a 3 x 4 MIMO system with
m = 3 with PA,d = 0.5PB77—
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Capacity lower bound performance

Capacity lower bound

A capacity lower bound for the proposed data transmission
scheme:

L — L
S CLiB’TEk)gz

C

Pad GGH
m LR, | Wek 2

|m><m+ )

where G 2 ¥y — ZVHE{Ve|H}, Ve £ Viy — Vi, and

(4)

. Pad Pad Y
Wer £ 1/~ S EmV E{VelHIxad — |/ " EmV " Vexaa +Wa,a.

(5))
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Capacity lower bound performance

Approximate capacity lower bound

@ Approximate capacity lower bound:

Pad A

C c —les "Elog |Im +
a=————— m V2
m eff+1

Le

m 2
i 2 Pad A1 | 2jmj# 0]
W|th O'eff = PBTLB Tmz ZI 1 ¢ d2 and ﬁ| =7 + o_iz

@ More precisely,

g’Cexact* ¢ PBTHOOSt _‘u>0
B,
@ obtained by ignoring the terms of the order 1/(P537TL,3,T)~°'/2
and higher

@ Note: D enters the expression only through agﬁ
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Capacity lower bound performance

Simulation Results:Tightness

22

~E— Exact lower bound in (23)
—©— Approximate lower bound in (26)
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Figure: lllustration of the tightness for a 3 x 4 MIMO system with

data power of P4 ¢ = 0.5Pg ; and training duration of 3 symbols.
Here, m =3
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Capacity lower bound performance

Problem Statement and Solution

@ Problem Statement:

max Ca
D,¢c:[D[|l2=1,Epc=1

@ Equivalently,
max max C,
¢c,Epc=1 D:||D||'2::
@ Optimal D is obtained by solving:

m 2

d )) 1,j#
Pa, Z i=1i# ]
D:||ID|2= lPB Le,r 2 I z

|
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Capacity lower bound performance

Optimal D and ¢

The optimal D with diagonal terms {d;,d,,...,dy} that
maximizes C, for a given Lg ; is

:mﬂ, 1<i<m
Zj:l Gi

d?

Theorem

| A\

The ¢¢ satisfies the following necessary and sufficient condition

m PAdO'ZT 1
A= H(¢;) £ X ( ) (6)
(9c) I(21(I:’,A\70|<7|%—i—m)¢é—i—mT T + P

where ) is the Lagrange multiplier chosen s.t. E¢; =1
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Capacity lower bound performance

Simulation Results:Capacity Lower Bound as a Metric

—©— Proposed: D in (32) and optimal @,
20| —gg— Proposed: D in (32) and 9.=1
18 + Proposed: D = I”s “m and optimal o,

~%/~ Orthogonal training
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Figure: Capacity lower bound versus reverse training power for a
3 x 4 MIMO system with data power of Pa ¢ = 0.5Pg - and training

duration of 3 symbols. Here, m = 3
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Capacity lower bound performance

Multi-user Scenario

Data rate optimal

@ Scheduling criterion: k* =argmax; _um{R1,...,Ru},
where

(k) (k)
Rkél_cilog lm + a ZkmmEi
Le ? it Jk,eff +1

k,m,m

)

with
(k)

m
e Z\/ k=1,...,M,

PBT i=

and Ly mm is the first m rows and m columns of the
singular value matrix of H.
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Capacity lower bound performance

Multi-user data rate comparison

—H8— Proposed: 4 users
~E— Proposed: 2 users

7 :2: Orthogonal: 4 users
Orthogonal: 2 users

Data rate in bits/channel use

15 20
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10
Training power in dB

Figure: Capacity lower bound for a multi-user system with
max-scheduling versus reverse training power for a 3 x 4 MIMO
system with data power of Pa ¢ = 0.5Pg ; and training duration of 3
symbols. Here, m = 3
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Capacity lower bound performance

Multi-user Scenario: MSE optimal scheme for BF system

Scheduling rule

@ Scheduling criterion:
k* =argmin; _m{MSEg,...,MSEy}, where

aE, & 2nA1E< 1 ) 1

ZPéleg‘)T O1k,/) 01k

Average MSE achieved

@ Approximate MSE

Emin{MSEy, ..., MSEy}

@ Is there a closed form expression for the above?
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Capacity lower bound performance

Closed form for the special case of ny = ng

@ Approximate MSE

Emin{MSE,,...,MSEy} = / (1- exp(fA/tz))Mdt
0

where A £ Za—l | ( 1 )

(k) | (k)
2PB,TLB,T TLk



Conclusions

@ Proposed a novel channel dependent training for an SM
based TDD-MIMO system that was optimized using

@ MSE as a metric
@ a capacity lower bound as a metric

@ MSE as metric

@ i-th singular value of the RCT sequence is « the square
root of the inverse of the i-th singular value of the channel

@ Capacity lower bound as a metric

@ i-th singular value of the RCT sequence T with the power of
all j # i modes relative to its singular value

o

Take home lesson

@ RCT that adapts to the current CSI can significantly
improve the performance of a TDD-MIMO OFDMA system
compared to channel agnostic RCT scheme
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