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Problem and Contributions

Problem:

m Joint resource allocation for a relay-assisted D2D Communication underlaying
LTE-A cellular network

m Under Perfect CSI
m Under Imperfect CSI

Contributions:
m Semi-distributed joint resource allocation algorithms

m Under Perfect CSI: Nominal Optimization Problem
m Under Imperfect CSI: Robust Optimization Problem

B Using worst-case approach
m Closed Form expressions for RB and power allocation for both the cases
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System Model

Notation:
S m Le{l,...,L} — Setof RSs
o 7@ m NV € {1,...,N} — Set of subcarriers
d i B m Ce{l,...,C} — Setof CUEs
/'mN ' = De{1,...,D} — Set of D2D Pairs
) /Q m U C {CUD} — Set of UEs = Relay |
— {°
& L3 relay /
(@) 2
\ é y Operation
e Ls T & m First hop (T1):
@ Sy Transmission between UE (CUE or
@ /& celuarue D2D) and RS

® ooue = Second hop (T»):
Transmission between RS and eNB or
FIGURE — Relay aided D2D communication model to a D2D UE
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FIGURE — Relay aided D2D communication model
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Achievable Data Rate:

11 = Bre10g>(1 + P{, v 1,1)
1,2 = Bre10g>(1 + Py 1y, 2)

{ u;, 1 U/ 2}
Total Achievable Rate:
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Formulating Optimization Problem

Constraints:
= Maximum allowable transmit power for UE is Pj* and for RS is P"&

D> xGPo < PR VU el
neN

Z Z XU/ P/ u = Pmax

uEU NEN

= Minimum QoS requirement
Ry > Qu, Vu el

= Maximum allowable interference during First and Second hop is Zf} ; and Zj, ,,
respectively

n
> xP, 0, Igu* 11 <Th1, YnEN
ueY,

n n n n
> Xg Py 9l 2 < Zihor YNEN
ueY,

where, First Hop: uj = argmax gl’]/ o WweEUjELjEL
; ,

Second Hop: uf = arg max g,’juj, j#Lje L,y e {DNnU}

October 15, 2016 5/18



Optimization Problem

Reformulation:

max > Zx Ry, g ]
min
{X[]I’PZ/,/’P;ZU/} ueU; n=1 a 2 { ut? U/ 2}
st Ci: > xj <1, VneN RY, is maximized iff
urel;
y=r
Co: Y XGPI < PI™, vu el upt = T2
n n n n
nex Py = Priu Vw2
. max n
C3 . Z Z Xu,P/ u < P pn o _ ’YI,U/,Z
u €Uy nEN u,l = “n | Y
ur,
Ca: > x| \PoG 11 < Ty YnEN
uet = Express P] ,interms of P},
. npn An n ’
Cs: D XyPluGly 2 <Tho VneEN o o
ueY, Ru, = EBRB |092(1 + Pu/,/’yu/,/,1)
Co: Ry>Qu, Yuel
Cy: Pﬂh, >0, P,’”ul >0, VneN,u el m Introduce new variable
Cs: xje{0,1} i = X0 P
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Reformulated Optimization Problem

max
{x7,sn"

up U/

s.t.

I

Cy:

Co:

Cs:

Cy :

Cs :

Ce :

Cr:

Z Z Xu/BFI'B |092(1 + S 1:11 )

ueU; n=1 /

doxjp <1, VneN

u el

Z S < Pmax7 Yu € Y

neN
n

Z Z hu/,’,1 Pmax
hn ’,U/ =

u €U neN lup,2

> SL9ra SThy, YnEN

u el

>

u Y

n
hu/,/,1
n

i

n n n
Sui9nur 2 < Tihay YN E N

n

1
> 5%, Brelogo(1+ 57
neN U/

’U’,,,zo vYneN,u el

u ,I,1
! ) 2 QLI/7

Cs : X[}/ e {0,1}

where,
n
hU/ 1

n
Yt = 7 2
! IU/,/,1 + 02

IU/,/,1 = Z

VU]EU],]‘#/,]‘EZ:

n N
Puj,jguj,l

Issue:
= MINLP Problem
m Computationally intractable
Solution:

m Relax the integer constraint to
Box constraint
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Nominal Optimization Problem

max
xS0, Wi}

s.t. C1 :

Co:

Cs:

Cy:

Cs :

Ce:

Cr:

11
ZZ xu/BHBIogz(1+Suh i )

u el n=1 u/ U/
dxj <1, VneN Cs: x5 €(0,1]
u ey, . 2
IS Cy: IL’}h,-f—a gw{]l
> Sh < PR, Yu el .
nen’ Solving Issues:
h" = MINLP Problem:
33 ey, < A - |
hn lu < Relax integer constraint cg
u U neN hup,2 ie nl c (0 1]
Z Su, /9u,*,/,1 = Zm 1 YnewN = Introduce auxiliary variable wj s.t.
ueU;
h" n 2 < wh
1,1 y, T oo = wy
> Sii9hyr 2 < Thpy VNEN a '

n
ueu; 'l Convex Problem:

m There exists a unique optimal solutior

1 SR
> Xu,BRB|092(1 +8) L) > Qu,
neN U/

S’Jh,zo vne N,u el
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Closed form solution

Lagrangian:

L/(X S w, u, p, V/7¢ QS’)‘ Q Z Z Xu,BFI'B |092(1 +

u el n=1

hn
+Zun STk -0+ (>SS P (Y S h;"“ S, — Px)

u,,l,1 )

UI

n=1 ueU; ueU; neN ueU;neN L2

N hn
1
+>_Un( D Sl 90k 11 — Ith1)+z¢n > ,,Z Sﬂl,lgfu,*
Ly,

n=1 u Y n=1 ueU;

n
)11
+ Z (QUI - Z 2XU/BHB |092(1 +S XUIWn )

ueU; neN [/}

= Upon applying KKT conditions

n n +
pre = St _ [
upl = s T %upl T g

y up, 1
where, ig 1+Ay
2PRBTog?2

6”
up,l = h
Pu; + hn VI + gu* 1, 11/117 + hn g/ ul* 2¢n

2~ Tiho)
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Closed Form Solution Contd.,

= RB allocation is given by

n
Xg* _ 17 Hn S Xu/’/ (2)
! 0, otherwise
where,
1 SRR So Vi
n s 1515 s 15!
= -1+ Ay)Bgs [logy(1 + )—
et xgwi, (Wl +S) i 1)109(2)

m Update Lagrange multipliers using gradient descent method
m Example:

+
pn(t+1) = |:#n(t) + Apn(t) (Z XG5 = 1>:|

u el

Similarly, Update p, v;, ¢, ¢, A, ¢ using Gradient descent algorithm.

m Solution of the relaxed problem is Asymptotically optimal
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Imperfect CSI !

m Estimated link gains are erroneous !

Q
Il Qi
[STR=a'N
+ @
>

where,

g — Estimated value
g — Error in estimation

m As found in the literature, there are two ways to tackle it

m Bayesian Approach
m Worst-Case Approach
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Worst Case Approach

Let
n n n n
911 = [91*,/,1792*,/,17--wg\u,\*,m]
n __ n n n
G2 = (91 1,20 92+ 125+ gy 1 2]
Assumption: Link gains and aggregated interfernece are unknown but are bounded in
a region
g/’j1 = g/n1 + g/n1
n
g,,1 S Rgan
Similarly,

gl € Rgln’z
I, € Ty
Uncertainty Set:
Rgm ={g/l |l 5, 1-(al'y _g/'j1)T|| <y}
Ry 2 =190l |IMg o-(gl'> — Q/’Zg)TH <Pa}
= (] M7 =TT < T

u,1
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Robust Resource Allocation

hn
o0 g1ax E E quBHB log, (1 + u/,
U/’

Ul ”/ ujeU; n= 1
s.t. C17CZ7CS7C47 05706707708709
and gy € Rg”
9/72 € Rglnz

I € R
Uncertainty Constraints:

Cs: max > S0.19ur 11 < Ihys VN

n n
91,16729/,1 ueY;

hLl//1

Cs: _max
92€Rg2 yeyy, /u,2
2 n

T SWU,? vn, u;

. n
Cy: max Iy

n
6,1 € Ry

Sui9up 2 < My v, V0

= Uncertainty constraint can be equivalentl

rewritten as

. il =
Cs:  max > S0, (Gup 1,1 = Gup 1,1

n
gmeRgM ueY;

+0ur 1) < lpys VN

H

4
> S0 @y 1)+
urel;

n e n
max, D S0 (Gur 1 = up 1) < I
9 1ERG,. 1 ueY,

n
Agm

C4: > Sh (Gupa1)+ Ay < I
uel;
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Reformulation of Robust Resource Allocation Problem

Similarly,
Cs - hUIJF‘ S" AN <0 v
S Z n uy,19uf 1,2 + g2 < in s n
uey; hup2
. n
Cy: /u,,/ +A’3, < Wu/, vn, u
where,
hn
Al uy, 11 gn = < v
gl2 = nrre1ax n u,1(9ur 12 = Gup 1,2) < liygs VD
91,25 Rg 2 yery, 2
Ap = max /u,/+‘7

m Protection functions in terms of general norm

Dg1 = , max, > S0Gur it = Gy 1)
g/1 91 uyeY;
—n \T
= ,max 3;71 (9/71 - 9/71)
g€ g 1
= max  SP (M \wiy) = o 1ML (STl

n
911E€RG, 1
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Dual Norm:
Given a norm ||y|| for a vector y, its dual norm induced over the dual space of linear
functionals z is

2] = max 2Ty
[yll<1

Note: If y is a linear norm of order « > 2 then dual norm is a linear norm of order
BT+t
— 0 M—1 ST *x N M—1 ST 3
o = O IIM L (STOI™ = w1 IMy 4 (STl (3)

Similarly,

=YLl g/Q(SIZ)H**"Z)IZH g/g(slz)Hﬁ

1 1
B =5l H " = T MG 515 s
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Final Optimization Problem

hn
n o upl1
0, glax n Z Z XUIBRB log, (1 + SU/, X” W”)
Wy ueU; n=1

st Ci: Y xj<1, VneN

ueY,
Cs: X 0,1
Co: Y. S <P vuey 8 u € 0.1]
neN Co : IS/""A/”,"’UZSWSI
, i

AN
. u,l1 an max
Cs: Z Z hn 1,uy <P

ueU neN hu2

1/8
||
Ca: Y sg,,,ggf,m + 97 (Z(Mg,,,)—1(k,:)8,’j1)ﬁ> <Ipy, VneN

el k=1
o | 1/8
Cs Z hu/,, Su, ar ur2t Y Z(M&,z)"(k, ) fz)ﬁ <Ipo VNEN
uey; hup2 k=1
1 Va1
Co: Y. ZXUIBRB|092(1+ i o 1y > Qy,
u

neN |
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Closed Form Expression

m Power allocation is given by

n* n +
Pn* _ Su,,/ —|en  — ﬂ (5)
upl = Tyene s T Bul g

u up, 11

where,
1 1+Ay
§n = _BHB log2
up, n

h uI1
pu,-i—hn i V/+(g /1+¢/1mu,u,g,1)¢”+hl (g/u,*2+w/2 up,U191,2 2)®n

= RB allocation is given by

Xg* _ 17 n < XU,,I (6)
I 0, otherW/se
where,
S SuiG
1My, 1,1 up ! Tup, 11
X", (1 +Au)Brg [logy(1+ —L5—2) — s 09(2)
up,! I X4, Wi (G wa) + S5, 61,4

October 15, 2016 17/18



Joint RB and Power Allocation Algorithm

Algorithm

Each relay | € £ estimated the reference gain QSI*N and QSI*N from previous

time slots Vu, e Yy and n € V.
Initialize Lagrange Multipliers to some positive value and set
Pmax

t=0,8] = A= Vup,n.
Repeat
Sett=1t+1
Calculate xj and SS, ; from closed form solution.

B BBe3

Update Lagrange multipliers using Gradient descent algorithm.
Until: Convergence or Maximum lteration

=
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