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Prior Works

B Most of prior works is based on subcarrier-based allocation that individual
subcarriers are assigned to a user. Yet, single-subcarrier based allocation can

incur significant signaling overhead and entail complicated implementation.

B Recent work [Wang'11][Zhu’12]
» Optimal chunk based strategies for utility maximization of average user rates
under different power control policies.
» Recentwork by Zhu proposed a heuristic algorithm to minimize total transmit

power for real-time data streams with multiple BER requirements.
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Objective

B We investigate the optimal chunk-based allocation that maximizes a utility
function of average user rates for OFDMA downlink, where data streams

contain packets with diverse bit-error-rate (BER) requirements.

B Relying on adaptive transmission and stochastic tools, the proposed
schemes with different a-fair utility functions can nicely balance total network

throughput and fairness among users.




FLORIDA &TLANTIC UNIVERSITY.
[
System Model

m Consider a downlink OFDMA system consisting of an access point (AP) and K wireless

users f=1,--- | K

M Total bandwidth B is divided into orthogonal narrowband, each with sub-bandwidth
ANf=DB/(MJ)

M Each chunk consistsof | adjacent subcarriers.

B The data streams from AP to users contain packets with different quality of service
requirements, e.g. video streams consist of base layers and enhancement layers, where
reliable transmission of the base layer has a higher quality (smaller BER) requirement

than enhancement layer.

B Relying on the channel conditions, 1, -ary quadrature amplitude modulation (QAM) is

employed for adaptive modulation and coding (AMC) at the AP,
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Problem Formulation

B ¢-fairness can be attained by the maximizer of a class of concave utility functions:

U (x) 7/l —a), a>0&a#1
Ja\l) =
In(x), a=1.

B We consider the following aggregate utility maximization problem:

K
max E Uy (Ry)
R>0, 7T
k=1
s. t.

where R .= {R,.vk} collectthe achievable average user rates satisfying R, < 7,(r) fora
certain feasible schedule 7 .

K L 1
Tk(:izz,f(ﬂ},) S {0 1}: : y y T;E?:,LJ (’Y) = 1 Ym.

k=1 1=0 ¢g=0
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Lagrange Dual Approach

B This problem is a mixed linear program (non-convex), yet it can be solved through dual-

based Lagrange approach.

K K
_ Z U(Ry) — ch. Ry — T (T)]

L
—A[P(1) — P Zmu (T) = (7))

B Then, Lagrange dual functionis given by: D(A) = n%n L(X.,A),

i nax D(A).
B And the dual problemis: 51\11:_}6( (A)
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To solve dual problem, we need to specify the dual function by defining:

vrdJ AJ T Jpi, =0
wiqan(A,,y) — )k pPL— kmz(’)’) Hied P q
Ukal A‘Iﬂ-k ml( ) + ﬂk"?JPh q = L

Then, we can rewrite the Lagrange function as follows:

L(X,A) =AP+§:[U(R;C)—V;¢R;¢]+E7[Z{Z 7)o@ (A —y)}]

k=1 m=1  kilg

W e can adopt a “winner-takes-all” strategy that chunk m is assignedto a triplet

{kmﬂ m? q:n}(A* 7) = arg %;?Em ‘1‘9.& (A" PY)? vm.

The dual problem can be solved through the following (sub-)gradient descent
iterations:

veln+1] = [vg[n] + B (Ri(An]) — i (7*(Aln])))] "
An+1] = [A[n] + B8 (P(r*(A[n])) — P)] "
prln + 1] = pg[n] +, ’J’( E (7" (Aln])) —ni kQ(T*(A:n])))
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Stochastic lterations

B To implement sub-gradient iteration, we need the knowledge of fading channel cdf.
However, the practical mobile applications need to be operated without the knowledge of

channel cdf by “learning” channel statistics on-the-fly.

B After transmissions, let P,,(A:y[n]) = J=\") (A:~4[n]) collectthe values of instantaneous

ksl

powers per chunk, and instantaneous HQ-LQ packet rate balance at per chunk per user:

Jpi=. ithk==Fk,6&q, =0,
Qrm(A;v[n]) = —nJp tk=Fk, &q, =1
0 it k£ # K,

T

m In addition {P,,(A;~v[n]), Qr..(A;~[n])}, the instantaneous rate per chunk per user:

Tpiz, if k =k

m?

0 if ke # k*;

mee

Rk.m-(A: '7”) — {
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m Tothis end, the AP can perform the stochastic iteration:

D[n + 1] = [x[n] + B(RL(A Z Rim (An];y[n])]*

m=1

A+ 1] = [\ +3ZRn - Pt

m=1
M

,L’;[-k['fl + ].] = ,&-k[?l] + d(z Qk,m(“&-[n‘}; FY[”]))

m=1

m The companion chunk allocation can asymptotically converge to the optimal
solution without a-priori knowledge of the fading channel cdf.

m This on-line scheduling algorithm can be implemented as fast convergent,
asymptotically optimal, and has a low complexity of O(2K M L) per slot.
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a- Fair Utility Maximization
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Fig. 1.  Average sum-rates of all users (top) and the average rates for
individual users (bottom).
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Evolution of Lagrange multipliers

Evolution of Lagrange multipliers

0.06 ! ! ! !
0.05r- e A ”Hmi R,._;J,f*“ Y, w""“' M -*’J' ”‘-: PR —
\\f I'"N“""M ) v :
0.04F -/t RERTPTRNEE T SEEREEPERS .
o f : V1i
@ 003_# ...................... 4
a f :
=] .‘: W i f!"\/w/ H'il : ! .“1“
5 0.02F-. n f"l. LM‘”\(UH ,Hl'll' [ .ﬂﬁkﬂ:‘i,hf";”i"l‘,',/ﬂﬁh Jh ) JW oM -
2 J A :
© f ') : :
@ 00T -
| ; :
. )' .
| 1
DT .................................................................. i
\ My
-0.01 mmﬁ% """"" :\' """" P P Pt 7
A P .
m[l J‘]\!‘Fll'}"r }f "-\.AJ \."I'ULI "1 J\-l J“-]NMVN LW J‘“!WMUH‘ d"'..-"{\ "\QM\
-0.02 :
0 5 10 15 20 25 30
Time(sec)

Fig. 2. Evolution of Lagrange multipliers for utility maximization.

11



FLORIDA &TLANTIC UNIVERSITY.
B
Conclusions

B We formulated and solved optimal chunk-based allocation that maximizes a
utility function of average user rates for OFDMA downlink, where data streams

contain packets with diverse bit-error-rate (BER) requirements

B The stochastic approach was adopted to develop a novel on-line algorithm

that approach to the optimal benchmark with low linear complexity.

B The proposed optimal chunk allocation schemes with different a-fair utility
functions can nicely trade off total network throughput for fairness among

uSers.

Thank You
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