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Goal

There is a need of gaining in efficiency by incorporating spatial schedulers in OFDMA

(e.g. IEEE802.16, 3GPP/LTE).

The present work proposes a Space-Frequency-Time Scheduler that differentiates
services among user applications and presents low complexity by on-line solutions.

The performance is evaluated under
real system conditions.
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Introduction

« OFDMA is adopted by IEEE 802.16a/d/e and 3GPP-LTE
« Allows multiple users to transmit simultaneously on different
subcarriers
— Inherits advantages of OFDM
— Exploits diversity among users User 1

|]m\ User M
frequency
Base Station Z 7 \ fﬂﬂ/
(Subcarrier and power allocation)

>

*How do we allocate M data subcarriers and total power P to K users to optimize
some performance metric? (voice and data applications)

Difficult discrete problem

*Brute force optimal solution: search through KM subcarrier allocations and
determine power allocation for each

*The complexity increases if spatial diversity is incorporated at each subcarrier
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Ex: The optimal MIMO BC with OFDMA

K
Ve =H, D x;+w, with H, =diag {H,,---H,, |
i=1

K

@z{Q:[QI---QK],tr(Zijg PT} with Q, =diag{Q,,--- Q!
k=1

IT:set of all possible permutations on {L,...,K}

The achievable rate vector Is

r(Q,z)= (r‘1 (Q,7),.... 1 (Q,ﬂ'))

H
(i) ZQH(J) Hﬂ(i)

j2i

det| 1+ H

‘ The capacity region is
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Ex: The optimal MIMO BC with OFDMA

—CO( (Q 7z) Qe0, 7Z'EH)

Accordingly, each element of C can be written as a time sharing

r:ﬁawr(Q(W),ﬂ(W)) W < K
w=1

1

K
|f X, = (aW,Q(W), " )w=1
then

max u|rix u: utility, monotonicall
General problem % ( ( p)) y y

st x eX Increasing
- p P
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Problem Statement

Bits

At t
(] L:zzfg Y FET Subcarrier user 1
per input ; 4 a selection
i’ (]
_— — antennas
5f|gnlals —_— Beamforming N-poi ¥
or.h»:e | Scheduling & power and -point ’
USEIS_ n_ bit allocation i3 — 4
the cell ___| g Q
antennas
L J El'rtsk
T T N inputs N inputs i FET |— Subca(rier
Pefect Requirements e
]
Bits
user K
Subearrier
z U selection
There are several variables involved to sum rate maximization.
» Best frequencies have to be taken.
* Find and optimal space strategy.
 Allocate power subject to constraints along frequency and space.
» Best users have to be taken.
The problem of low complexity solution is open in the literature.
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Contents

* Problem formulation

 Low Complexity Scheduler: ergodic formulation
e Dual Optimization: parallel implementation

e Spatial scheduler

o Waterfilling

 Parameter update

e Simulations

 Results
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Problem Statement

yk,m — ak,m pk ,m ak ,m, k + Z a ps,m&k,m,sq Ss:,m + VVk,m

In BC s#k

2 2

T
kmk hkmbmk

Xk,

The proposed utility will be based on SINR ., feq- ASSUMING perfect isolation
between frequencies, interferences are only present spatially

. ak,m pk,ka,m,kq
/Zk,m,kq (a,p) = N
2
/ \ o + Z as,m ps,ka,m,kS
user frequency 5#(

6{0,1} k=1.K m=1.M ﬁ N—m
A

\ Scheduling variable
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Problem Statement

If we define for each user k

M
I L ZEy {lc)g2 (1+ Yiemk, )}
m=1
M
pk D ZEy {ak,m pk,m}
m=]

The main goal is to maximize
sum rate

M carriers, K users

MISO, no precoder design

$

-

maXR ap

Zﬁ (a,p)

Q_@R,ksz,

AN

st. K

Proportional rate

k=1

K __ (service class)
> p <P

k=1

p, =0 k=1,..,K
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Low complexity scheduler

 We propose a new scheduler that is based on the following
strategy:

— Ergodic costs and constraints: to incorporate the Time diversity and
to reduce complexity

» Stochastic approximation: to obtain an on-line adaptive algorithm

— Dual optimization techniques: O(M_iers: Kysers): C&NONIcal
distributed algorithm

— Opportunistic user selection
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e Results
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Dual optimization

_ K K
Lagrangian becomes | = R(l—pT¢)+lP—ZZ P, +Z,ukl’k
k=1 k=1

as 1-p'g=0

then | Zﬂﬁ—ﬂi Py +i/ukrk

k=1 k=1

Defining |_k = 1. _2k f)k ,1k = A

: 1

L=> "L +4P
K
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Dual optimization

The dual objective is defined as
(1) g(i,u)=n;apX(ZLk(a,p,ﬂk,u)+/15j=
’ k
= L(a"p". A4.n)+ AP
k

max 41, (a,p)+ 4

radient for
The dual problem is IN PARALLEL ‘4 subgradient for s,

@ ming(/'t,u) [Chiang07]
st. 420,neD D:{uZO, uT¢:1}

always convex and involves only (K+1) variables
A, u are obtained by subgradient

subgradient for A

Complexity
User-freq. Power Allocation: O(MK), once user selection is done
A, p (K+1)
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Algorithm structure

Update

Pooling Feedback
parameters:

Spatial o
BS senses Users send its SChEduling Water-filling

power, rate and
channel parameters

constraints
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Spatial Scheduler (BC)

@) __ Mg
Vimk, = 2
O- t Z k m m,q
q #q
q'eS,(an)

Multibeam opportunistic scheme is used
+ optimal beam and user search (if low #users)

o (Qn)
Km.j.q = arg Max ¥y q

j =arg max Zlog2(1+7/( ) )

1<J< q=1 kququ
Q

m

Q. =arg max Z Z 10g2(1+)/|£m)J p

1<Qp<NT keU *(Qm) qu*(Qm)

m m

mesS) keyl@

@) gkomk

Kim.j.q-M- "0
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Power Waterfilling

Update

Pooling Feedback
parameters:

Spatial

BS senses Users send its scheduling Water-filling power, rate and

constraints

channel parameters

- 1* 1 Ck,m,kq

11 Rg S#(

P = An(2) 7t | 02+Zas,r7pck,m,ks
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Parameter update

Update
parameters:
power, rate and
constraints

Pooling Feedback Spatial
sEE

BS senses Users send its scheduling Water-filling

channel parameters

Per user rate and power are estimated as

R [M]= YR, (P[]

meM
P[n]= 2.2 P[]
meM keK
Stochastic Subgradient method, across time D= {ll > O‘HT¢ _ 1}

Aln+1]=[ A[n]-5(PP{n]) | R[]=[R[n] - Re[n]]

p[n+1]=I1, (n[n] -3(R[n]-¢R[n])) R[n]=keZKRk [n]
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Results: Scenario 1

5 users, 64 subcarriers, same distance to BS, Rayleigh channel
P=10dB

Mormalized user rates. NT=2,M=B4,Cp, =300 215 bps Power evolution
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Results: Scenario 1

Rate region for 2 users,EfDPC=EI.45,EfUPA=?EEI,EfKOU=E!.D?
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Results: Realistic Scenario 2

M= 128 sub-carriers, Bw= 125 Mhz, CSI update every frame (10 ms)

- Uniformly distributed (500 m)

-With the same distance (250 m)

Path loss, shadowing and fast fading is included, spatial model as in 3GPP pedestrian
Delay spread: 2-3 microseconds

Doppler bandwidth 6 Hz
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Results: Realistic Scenario 2

Average user rates

10 users, 3 antennas and 3 different user classes (class 1: weight 0.5/K - class 2: weight
1/K - class 3: weight 1.5/K). Fig. 1 refers to equal distance users at 250 m, whereas fig.
2 refers to uniformly distributed users in a circular area of radius 500 m.
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Conclusions

» Low complexity algorithm (dual decomp., estochastic, opportunisitic)

*This algorithm guarantees weighted rate to all users.

R, R

; 0,
* It takes care of maximization through all frequencies range.
* It can be arranged to many scenarios.

» Different Space division access strategies can be used on it.

* Only partial CSIT (alternatives are opportunistic splitting, persistent
scheduling,...).

e Evaluation in a realistic scenario
» Opens different lines for further work

22
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Thank you

Questions ?
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Results: Scenario 1

Time Complexity

6000

5000
4000

@ K=8, Om=NT

3000

B K=32, Qm=NT

2000
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O K=8, dyn QOm
B K=32, dyn Qm
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K=8
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[13]
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Our algorithm
(Qm = NT /Dyn Qm)

28 /31

50/62

Comparison with DPC O(K2MlogN)
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Results: Realistic Scenario 2

N=2,250m ¢=[0.5/K 1/K 1.5/K]

3000 T T T T
1 //e/_/e’ldq ]
2000 — —
§l 1500 — —
1040 — _|
O I-Tais T
I \\‘\:lm} )

“ 1 | 1 | 1 | 1

1] 5 10 15 20

Fairness and multiuser diversity !
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