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Backgrounds

= Wireless channels
= Doppler frequency shift (time selective fading)
= Multipath effect (frequency selective fading)
= Wireless communication systems
=« TDMA (GSM)
« CDMA (3Gpp)

= OFDMA (Orthogonal Frequency Division Multiple
Access): Wireless LAN Applications

= Resource allocation
= Power control and adaptive modulation
= Sub-channels
(frequency sub-band, time slot, spreading code)

System Description

- = Single-cell uplink OFDMA
systems
= /N subchannels, Kusers

= Optimization Goal
= Maximize the overall rates

= Competition: the same
subcarrier may be good for many
users. But only one user per
channel.

= Constraints
= Maximal transmitted power
= Minimal requirement rate




Resource Allocation in OFDMA Systems

= System model
» Define the rate allocation matrix ras  [rl;; = 7i;
= Define the subcarrier assignment matrix [Ali; = @i,

where TX a; =1.%; and { L iy >0
ay={1 ;

0, otherwise.

= Define the power allocation matrix P as [P]'q =Py .
= Adaptive modulation

= Variable bits can loaded to the subcarrier;
= Higher modulation level requires higher power.

= The optimization goal

max U
AP

TK ;=19
subject to{ R; > R}, Vi;
Ef?:l IJU < Pmazw\vl'i-
o K
Maximal Rate: U = Y R,
i=1
Max-min Fairness : U = minR;,
Proportional Faimess : U = MX,(R, - R.,.).
* Nonlinear non-concave integer programming;
* Simplification method:

Two-user case, continuous relaxation.




Two-user Resource Allocation

- =« Rescurce allocation with fixed channel allocation
(well-known water-filling algorithm)

U, =
mlgx R;

N
-subject to EP,ja'j < Praz, Vi
=1

Py = (p; — Iy)* and ry; = Wlogy(1 + —;—'ji)w L = P

= Lagrange function for the two-user case
= a W Py;Ghjcs 1 anW P2.1621¢3
(2 uW 1082( ay;07 ) Rmm) (Z 2;W logy (1+ ) Rmm/

i=1
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Two-band Partition Algorithm (1)

Two-UsER ALGORITHM
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: _ =
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d. For J=1.... MN-1
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End
4. Clhooses tle fwe-Dogaed parcition (the corpesponding 1)
that gepevates tlwe et [ satisfng the consteains,
Coleulnte AL P, iy, and Iy
G, Ulpdate channel asahgmant
~Muazimud Rate: Return
-NBS W e not b inerensesd by updating g3 ond g, the itemition ends
othorwise. update gy = /R — B L) o= 1R — 12V o to Stop 2.




Two-band Partition Algorithm (2)

= Proof. (scratch)

”;ch!"s P;Ga,3

P1,G. ayq,0 P2, G a. é

log, (1 * ‘%;g“) - 1+_1_¢.§_P: VI logy (1 + %;gq) - 1+_1_%_F§ T2
a1y 923

(S o W oz (17 TE0) — i) (s oy lomg (14 B8 )
o { Yy (25’.1 ayW logs (14 E.f,%"ﬂﬂ) - Rin). TiiayW log, (1 + !ﬂ%‘x‘:") 2 Riyn+6
1/e, otherwise,
) 1032(1‘_1_)+ﬁ1_ l)=e logz(ﬂ)+ﬁ—l .
hy" " m Iy;" " p2

P a5 i
f(‘g':{'.nij)z 1032(;;"1%) + logz(z—éf) +o2-a. Letg;= 1/L.

Multiple-user Resource Allocation

MULTIUSER ALGORITHM

4. Repeat:
Repeat Step 2 and Step 3, until no further improvement can be achieved.




Hungarian Method
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Simulation Results (1)
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Simulation Results (2)
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Simulation Results (3)
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Conclusions

.} = Resource allocation in OFDMA systems is modeled as
a nonlinear programming problem.
= KKT condition is utilized to develop the algorithm for
the integer programming problem.
= Multiple-user programming is simplified by two-user
algorithm and pairing method.

= The simulation results compares the fairness property
for different objective functions.
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