Resource Allocation in OFDMA Cellular Networks
An Iterative Re-weighted Minimization Framework

Chethan Kumar A, Dr. Chandra R Murthy

SPC Lab, Dept. of ECE,
11Sc, Bengaluru.

January 9, 2016

Chethan Kumar A, Dr. Chandra R Murthy 1ISc RA in OFDMA Cellular Networks January 9, 2016 1/37



Outline

Goal!
Single-Cell OFDMA Network

Single-Cell OFDMA REC Network
m Simulation Results

Multi-Cell OFDMA Network
Multi-Cell OFDMA REC Network

A Conclusion and Future Work

Chethan Kumar A, Dr. Chandra R Murthy 1ISc RA in OFDMA Cellular Networks January 9, 2016 2/37



Resource allocation in OFDMA cellular network :

As found in plethora of OFDMA literature, resource allocation can be broadly classified
into 2 types :

m Rate Adaptive (RA) problem :
m Maximize system utility function - maintaining QoS/power constraints etc.,.

= Margin Adaptive (MA) problem :
m Minimize total transmit power - maintaining QoS/power constraints etc.,.

= General framework for optimal resource allocation in OFDMA based cellular
networks.
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Single-Cell OFDMA Network

Single-Cell OFDMA Network

/‘/,
C / Base seation (85) B M e {1,2,..., M} = User indices
50 B N € {1,2,...,N} = Sub-carrier indices
4 ' % ~A, = Sub-carrier gain
s p = Allotted power

y# = Binary indicator variable
R7, = Rate achieved

%} Mobile Station (MS)

FIGURE — Single-cell multi-user OFDMA Network

Rate achieved by m user

Rp, = logo>(1 + SNR7);  SNR[, = vmbm, (1)
Total rate achieved = Rm = » _ loga(1 + v7ph);: @
neN
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Single-Cell OFDMA Network

OFDMA constraint

ST yp<1 VnenN ®)
meM

yre{0,1} ,vm,n

Maximum power on each sub-carrier constraint

0 < pm < ymP™ Vm,n (4)

Total transmit power constraint
S D ph<Pr (5)

meM neM
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Single-Cell OFDMA Network

Problem formulation

Rate-Adaptive (RA) optimization problem :

max U(R1,R2,...,RM)

{ph.yi}
s.t. cq: Z Z p,’;, < Py,
meM neN
Co: 0<pl <ylP™* ¥m,n, (6)
ca: > yp<1 ,VneN,
meM

cy: yhe{0,1} ,vm,n.
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Single-Cell OFDMA Network

Problem formulation

Rate-Adaptive(RA) optimization problem :

max U(R1,R2,...,RM)

{pm-yim}
st ocr: Y > phn<Pr
meM neN
Co: 0<pl <ylP™ vm,n, @)
C3 : Zy,’;;§1 7vn€N7
memM

cy: yhe{0,1} ,vm,n.

= The above problem in its raw form is NP-Hard.
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Single-Cell OFDMA Network

Proposed algorithm based on IRM framework

Smooth concave utility function

Sum-rate utility function = 3=\, Rm

n B
Let x, = PT’QX

max Y logo(1+ P xpam)
Omym} mernen

stocr: o Yy P™xh < Pr,
meM neN
co: 0<xL <yl ,vmn,
cg: > ym=1 ,VneN,
meM
cs: ype{0,1} ,Vm,n.

The above optimization problem is equivalent to the previous optimization problem.
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Single-Cell OFDMA Network

Optimal solution of y/,
min > > (yp+e)

Uad peinen

st > yp=1 ,Vnewn, 9)
meM
yh>0 ,meM,neN.

Relaxed optimization problem

min > > —loga(1+ PMxIAR) A D D (v +e)?

ORYmt  mer nen meM neN
st cq: Z Z ppn < PT,
meM neN (10)
Co: 0§x,’,’7§y,',71 ,Vm,n,

cg: > ym=1 ,VneN,
memM
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Single-Cell OFDMA Network

Relaxed optimization problem

min D> —loga(1+ P xpym)+ X > > (vm+e)?

Umyml  peid nen meM neN
convex concave
st cq: Z Z p,’;, < Pr,
meM neN (11)

co: 0 xI <yl ,vm,n,

cg: > yp=1 ,VneN,
meM

Convex + Concave function

I

Keep convex part, linearise concave part
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Single-Cell OFDMA Network

Relaxed optimization problem

min > 3" —loga(1 + P xpam) + A D > (ym+e)?

n n
Lamymd meXa nen meEMnEN — "= (12)
convex concave

s.t. ¢q,cp and cg

Can be solved using DC Programming

Keep convex part as it is and linearise concave part

min > N —logo(1+ P xpm) +Ag D > (vt + )T yh
N————

Umym} mei nen meM neN 13
convex convex ( )

s.t. ¢q,co andcg
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Single-Cell OFDMA Network

Algorithm 1

1: Initialization : A = NP™, g € (0,1), 01 € (0,1), 00 € (0,1),6 € (0,1), 7 > 1,
wih(1)=1Vvme Mandne N;e(1)=1.

2: while (1) do

3 fort=1,2,..., Maxlir do

4: Solve the following convex sub-problem
min — > > loga(1+ P™xRam) +Aq > D> whtyn,
e ym} meM neN meM neN
s.t 61,62 and 63. (14)
5: Update :

Wt 1) = (X2(8) + ()T~
e(t+ 1) = min{e(t), SF(x2(t + 1))}

6: it > >, X)) — xf(t —1)] < oy then
7: break ;

8: end if

9: end for

10 if f(y/(t)) < o2 then

11 Stop.

12.  else

13: A=TA

14:  end if

15: end while
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Single-Cell OFDMA REC Network

Single-Cell OFDMA REC Network

4o I
ﬂ ‘Basesmmmes; K € {0’ 1 gec0g K} = DL path indices

B
t /SD B ) M e {1,2,..., M} = User indices
= g N € {1,2,...,N} = Sub-carrier indices
E 8 ~1 = Sub-carrier gain

p? = Allotted power
T S Rf, = Rate achieved
& Mobile Station J elay Station (RS) * e {SDm’ SRk, RkDm}

FIGURE — Single-cell multi-user OFDMA REC Network

Direct Path S — D,

Relayingpath| S — R, |R;, — D,,

T, T Time
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Single-Cell OFDMA REC Network

Path selection and Rate achieved

[ . B e l\
- .
> . s —7h> .
l} Base Station (BS) g .«‘/ Base Station (8) E
P ' 4 P .
/ / o | %
b B N - -
C Lx ] l}
E Mobile Station (MS) s’} Relay Station (RS)

% Mobile Station (MS) J’A Relay Station (RS)
FIGURE — Direct path FIGURE — Relay path

Rate achieved Rate achieved
1 .
R3.m = Asp,, = 1092(1 +75p, Psp,,) Rg.m = 2min{Rgg . AR, p,}

Total achievable rate

Rm = Z Z er(,,m

neN keK

RA in OFDMA Cellular Networks January 9, 2016
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Single-Cell OFDMA REC Network

Problem Formulation

Rate-Adaptive(RA) optimization problem :

U(Ry, Rs, ..., Ru)

a
{PSp PSRy PRy Dm }
stoos Y (ot Y (Pla, +Phon) <P
meM neN kEKk#0
Co: pgDmv pgﬁkapEkDm >0 ,Vm, n,
c3 : OFDMA Constraint.

(15)

m Reformulate the above problem.
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Single-Cell OFDMA REC Network

Problem re-formulation

m Let us introduce (K + 1)MN variables {pj] . vk, m, n.}

P, ifk=0
Pem =1 (on” + on therwi (16)
(pSRk + kaDm)’ otherwise.
= Relaying path rate : R = %min{Rng, ngDm} = is maximized if and only if
Rgﬁk = REkDm
V3R, PSR, = VROmPROm (17)

m Using (16) and (17), we get the achievable rate of user m on n'" sub-carrier
through k' downlink path as

Rlc,m = aglogo(1 + ﬁf,mpf,m) (18)
1, ifk=0 . Vp,» k=0
k= 1, otherwise. Blem = 7&5&‘:5,’7‘% , otherwise.
SR, T VRO
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Single-Cell OFDMA REC Network

Reformulated RA optimization problem

RA problem after reformulation

rr;lax} U(R1 yRos .l RM)

pk,m

st cq: Z Z Z p/,(1,m < PT,

keK meM neN (19)
C2: 0L pg, <P™ Vk,m,n,

C3: PkmPkrgy =0 ,VKk# K',m#m
k, k' € andn,n’ € N.

January 9, 2016 17/37
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Introduce binary indicator variable yg’m

max U(R1,R2,...,RM)
{PR m Yk m}

st cq: Z Z Z pz!m < PT,

ke meM neN
C2: 0<pgo, <ygP™ ,Vk,m,n,

i > D> Vim<1 ,VneN
ke K meM

Cq: y/?!m S {0,1}

Non-smooth concave utility function

Min-rate utility function = min Rmn
1<m<M

(20)

January 9, 2016
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Single-Cell OFDMA REC Network

n

Introduce binary indicator vari K

max min Rmn
{PR Yk m}  1SmM<M

st.cit >, D> D> Pm<Pr,

keK meM neN
C2: 0<pg, <ygP™ ,vk,m,n,
i > > Wm<1 VneN
keK meM
Ca: Yime{0,1}

Problems to take care of :

Combinatorial nature of the problem.
Non-smoothness in objective function.

(21)

January 9, 2016
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Single-Cell OFDMA REC Network

Transformation of non-smooth to smooth function

Introduce a new variable ¢

max ¢

(00 o i}

Ss.t. Cq: Z Z Z pz!m < Py,

keEK meM neN

C2: 0<pgo, <yg P™ ,Vk,m,n, 22)
Ga: > D> Wim<1 ,VneN
kel meM

C4 : yl?,m € {071} 7Vk7 m7 n7
¢c: Rm>¢ ,Vm.

Non-smooth = smooth.
Combinatorial problem = Same method as used in previous section.
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Single-Cell OFDMA REC Network

= Relaxation.
m Convex + Concave part = Solve it using DC programming

Relaxed optimization problem
min —SHEAD D D> Wmt )T

n n
% oYk mo @3 ke meM neN (23)
s.t. €q,Co,C3 and cs.

Keep convex part as it is and linearise concave part

—¢+AI> D> > W+

{Xn rr}/ln
k,m>Yk,m keK meM neN (24)
s.t. ¢q,Co, C3 and Cs.
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Single-Cell OFDMA REC Network

Algorithm 2

1: Initialization : A = NP™, g € (0,1), 01 € (0,1), 00 € (0,1),6 € (0,1), 7 > 1,
Win(1)=1vkeKmeMandneN;e(1)=1.

2: while (1) do

3 fort=1,2,..., Maxlir do

4: Solve the following convex sub-problem
{ngmfg/i/?m -9+ )\qkezzon;vt neZN Wi (DY m
s.t. ¢&4,Co,C3 and Cs. (25)
5: Update :

Wy m(t+1) = (¢ () + e(1))7!
e(t+ 1) = min{e(?), 6f()(/’(7’m(t+ 1)}

6 ity > n>, \x[jym(t) — x[jym(t— 1)| < o1 then
7: break ;

8 end if

9: end for

100 if (Y (1)) < o2 then

11 Stop.

122 else

13: A=TA

14:  end if
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Single-Cell OFDMA REC Network
[ Jele}
Simulation Results

Simulation result

30 . . . . . . .
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Total transmission power PT (dBm)

FIGURE — Comparison of the average sum throughput of different algorithms with the max-min resource allocation
as the utility function versus the total transmission power. The system parameters are K = 3,M = 8
and N = 16.
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Single-Cell OFDMA REC Network
o] o}

Simulation Results

Average sum throughput (bits/s/Hz)

1 2 3 4 5 6 7 8
Number of Relays (k)

ol

10

FIGURE — lllustration of the throughput improvement obtainable by using cooperative relaying. The system parame-
ters:M =4,N=8andPr = 10dB.
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Single-Cell OFDMA REC Network
ooe

Simulation Results

Average rate achieved by each user

User Index (m)

FIGURE — Average rate of each user, with K = 3, M = 8, N = 16 and P+ = 10 dB. All the schemes compared
are fair resource allocation schemes.
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Multi-Cell OFDMA Network

Multi-cell OFDMA network

K |
B b t

[§ Mobile station (Ms)

w
-
2 \x
:
e

—  Desired Signal

— Interference.

3
-

FIGURE — Multi-cell multi-user OFDMA Network

K e {1,2,...,M} = BS indices

Me {1,2,..., M} = User indices

N e {1,2,...,N} = Sub-carrier indices
Yk.m = Sub-carrier gain

Py m = Allotted power

Yi m = Binary indicator variable

R,’im = Rate achieved
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Multi-Cell OFDMA Network

Rate-Adaptive (RA) optimization problem :

max > > > loga(1+ SINRY ;)

{Pﬂ,m’yﬁ,m} kekK meM neN
st oo 3 Y <P Vkek
meM neN
c2: 0<pg o, <YL P Vk,m,n,
Cs: Z Yem <1 ,¥YneNandvk ek,
meM
Cat Yim€{0,1} ,vkmn.

(26)

Signal-to-interference-noise ratio :

_ K. mPk.m
- n pn
Doiek,izk 2ajem; Of mPr + No

SINR].
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Solution

Multi-Cell OFDMA Network

= Relaxation.
m Convex + Concave part = Solve it using DC programming

Relaxed optimization problem

min
OF mYe mt

Chethan Kumar A, Dr.

= Z Z Zlogg(P’"aX,B,’(’ymx,?ym-i- Z ZPmaXagmxgj+No)

keK meM neN i€IC,i#k je M;
2020 D loge( 30 D P™alnxf)+ No)
keK me M neN €K, i#k jEM; (27)

+AY D D Wmt o

ke meM neN
s.t. ¢q,cp and c3.
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Multi-Cell OFDMA Network

Solution Contd.

15t term — f(x)

m f(x) = convex, keep as it is.

29 term — g(x)

= g(x) = concave, linearise it.
g(xl?,m(t)) + Dg(xlg,m(t))(xlg,m - X/?,m(t)) (28)
where Dg(x/ ) is the derivative matrix of g(x) at x/ = and is given by

1
DY(XK m) = WIE m = e
,m ,m Zie)c,i;ék ZjeM/ aﬂmpmaxxirjj + Ny i,m
S 0 .ifi=k,
ere, e; ,, = § pmax,n
o otm it  # k.
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Multi-Cell OFDMA Network

3 term — h(y)

= h(y) = concave, linearise it.

h(y, m(1)) + DA(YK, (D) VK, m — VK. m(1)) (29)
where Dh(y,f,m) is the derivative matrix of h(y) at }’;?,m and is given by

Dh(yf ) = W2 = a(yg )0

mn ) D D D WXt A D > W2 iy

{F YR mt
k,m*7k,m keK me My neN k€K me My neN

s.t. 61 9 62, and 63. (30)
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Multi-Cell OFDMA Network

Algorithm 3

1: Initialization
2: while (1) do
3 fort=1,2,..., Maxlir do

4: Solve the following convex sub-problem
Jmin Ok F D D D WKt A Y D D W2hmVem
O m Y, m3 kEK me My neN kEK me My neEN
S.t 61,62 and 63. (31)
5: Update : WA Z,m(t) _ Dg(x,’ﬁ’m(l‘))

W2 (1) = Dh(y (1))
€(t+1) = min{e(t), 5y m(t +1))}

6 it>, > >, ‘XI’(-I,m(t) - x,’;m(t —1)| < oy then
7: break;

8 end if

9: end for

0. iff(y (1)) < o2 then

11 Stop.

12.  else

13: A=TA

14:  endif

e_andahilg
Chethan Kumar A, Dr. Chandra R Murthy 1I1Sc RA in OFDMA Cellular Networks January 9, 2016 31/37




Multi-Cell OFDMA REC Network

Multi-cell OFDMA REC network

Mobile Station (M)
Desired Signal

Interference

FIGURE — Multi-cell multi-user OFDMA REG Network

K e{1,2,...,K} = BS indices
Le{1,2,...,L} = RS indices
M e {1,2,..., M} = User indices
N e {1,2,...,N} = Sub-carrier indices
Vk.1.m = Sub-carrier gain
Pg ,m = Allotted power

A . -

Nl ale a0 = 2
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Multi-Cell OFDMA REC Network

Problem formulation :

Direct Path S — D,

Relayingpath| S — R, |Rk — D,,

T, T Time

= We assume, all BS-RS works in sync.
= We focus on cell-edge users.
m Rate achieved by each cell-edge user

1
Rim = §m’”{ngR,, RR.pn} (32)

m We assume the RS-MS link have dominated influence on the transmission rate.

REim= > R D (33)
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Multi-Cell OFDMA REC Network

Reason behind strong assumption :

BS-RS Link

Strong LoS propogation channel.
Interference is negligible.

RS-MS Link .

NLoS communication link. Coverage o RS e
Interference is dominant.

Total transmission rate

1
Thus, R,’(',,,m =3 gﬁDm (34)

4
Dependent on p,’jm and y,’jm, Greatly reduces problem complexity !
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Multi-Cell OFDMA REC Network

Rate-Adaptive (RA) optimization problem :

max > > > > ogs(1+ SINR],,)

1 n
APL m Y} keEK IeL mEM neN

St Cqy: Z ZpﬂmSPT*HS ,Vie Landk € K
meM neN
co: 0 pl, <y P™ VK, I, m, n, (35)

S>3 yn<1 ¥neNandVk €K,
leL meM
C4: Yim€{0,1} ,Vk,I,m,n.

Signal-to-interference-noise ratio :

Bl mPl m

n '
liex,izk 2ojem; O mPr + No

SINRY,, =

RA in OFDMA Cellular Networks January 9, 2016
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Multi-Cell OFDMA REC Network

Solution

= Relaxation.
= DC programming.
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Conclusion and Futur

Resource
allocationin
OFDMA Cellular
Network

Rate Adaptive Margin Adaptive

Single -cell Multi-cell
Network Network
I I
[ I 1
Half-Duplex (HD) Systems
Without Relays With Relays Without Relays

Full-Duplex (FD) Systems

FIGURE — Summary of our work
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Conclusion and

Thank You :)
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