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Interference in cellular networks
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Cellular networks A(0,n,)

Two-user Gaussian interference channel

When the interference channels are very strong, it is optimal to jointly decode both the two users’ messages at each
receiver. In this case, this interference channel is so-called compound multiple access channel.

Ref: H. Sato, “The capacity of the Gaussian interference channel under strong interference,” IEEE Trans. Inf. Theory,, vol. 27,no. 6,
pp. 786-788, 1981.
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Transmitter cooperations

®m Communication setup T1 A (0,n,)
()
® Share the same frequency band; C: X L -
8 @—»
= z N
® Full-duplex model. A~ P

N
Cooperative N i
B Pramod et al works channels ><
N

® Decode-and-forward (DF); v - N
T2 'g -~ N " ) Re 2
® Perfect self-interference cancellation. C ~ ,@_,[5
T
Hm Our work Self-interference A(0,n,)

® Amplify-and-forward (AF);

' . : ' I lon:
® Residual self-interference accumulation  Interference channel with transmitter cooperation:

Ref. V. M. Prabhakaran and P. Viswanath, “Interference channels with source cooperation,” IEEE Trans. Inf. Theory, vol. 57, no. 1, pp. |

156-186, Jan. 2011
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Transmission and reception at transmitter

Time Slots#

Transmitted
signals

Received
signals

Signals after
Sl cancellation

Transmissions and receptions for

W, X (1) +wp, X (1 -1)
W (%; (1 =1) + §; (1))

() +:() +n;(0)

x(i)+9,(0)

transmitter j at the i-th time slot

Forward
(one-block

[:1EVY)

B Transmitted signals at transmitter j
® The new signal x,(i);

® The old signal x,(i-1) again;
® The received signals x;(i-1)+¥;(i-1) after

processing.

Transmitter j X (i-1)
O\>Q Receiver
Transmitter TMO beamformlng

B Received signals at transmitter j
® The signal t;(i) from transmitter j;

® The signal t;(i)from itself as self-interference;

® The additive Gaussian noise n;(i).
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Self-interference (SI) cancellation and process

B S| cancellation for the signal t(i) B Cancellation process for the signal t.(i)
Sl at the i-th time slot:

£ (1) =w X; (1) + W, X (1 =1)+w5(y; (i -1))

after Sl cancellation, the residual part treatedas @ Cancel x;(i~1)

b (1) = Wy, X (1) + Wi, X (1 1) +w, (w,,hs (x,(i-0)+§, (i -1)))

117 it

£ (i)~ A0, B) known to transmitter |
N _ ® Cancel x;(i-1)
constant P, is the residual power of SI. estimate from  (L/h.w. )y, (i-1)
y;(1—=1)=w;h; x; (i-D+y,; (=1
Time Slotst# i _
B The accumulated residual Sl
Received L)+t (), i) Final: y;(i) = wy,hy X (1) + (i)
signals ’

y,()=a;¥,(i )+ how; §- (i =D + ¢, (i) + n, (i),
Ref. H.-Cui, M. Ma, L.-Song, and B- Jiao, “Relay selection for two-way full duplex-relay

etworks with amplify-and-forward protocol,” IEEE Trans. Wireless Commun., vol. 13, Wlth aT - WTZ / WJ*l- Markov Process

0.7, pp. 3768-3777, Jul. 2014.




Compound Multiple Access Channel with Full-Duplex Amplify-and-Forward Transmitter Cooperations

The Residual SI accumulation

B The statistics of the residual Si

® Matrix form:
Y(i)= AY(i —1)+F(i)

where ¥(i)= §,(i), 9,() " and F(i)=[E,(i), ()]

Recursively it follows: : w
Matrix power series:

Y(i):iA”F(i —n) i

2 n
alxl +a2X2 +”.anxn =

® Stationary state:
Condition: when the time slot i tends to infinity, max|A(A)|<1

The covariance matrix of the residual SI will converge to a finite constant.

€, G

- 2, o'
E Y(i) - Y(k)" =pPH|™ ] S
c, C,

A~ 0 ““”P
0 4

0N
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Reception at each receiver

B Received signals at receiver k
2
rk(i):Ehjktj(i)+nk(i)
j=l

It follows,

2
(1) =Y hw,x, (D) + (hyw, + by hyww ) x (= 1) +v, ()
=1

_ 2 Produced by
with v, (i)=> "h w, § (i—1)+n() . beamforming
j=1

Equivalent channel model: Two-tap multiple access channel.

Treat X, (i —1)as interference to decode the i-th time slot messages is bad !!
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Decoding scheme

B The optimal decoding scheme
2
Unite N time slots to decode: Y, =Y H; X, +Z,, withY =[r(N) - r() - @)
j=1

B Tradeoff: unite two time slots

Channel input and output model:

r (1)

B h, W, +h. h-ww
r(i—1)|

kg3

hjkwjl

Mg W, + Iy hgwiaw;

h. w

kL

x,(i—1)+

1 - Ziq
xj(l _1)+[z ]

® Joint forward decoding: X;(i—2) known; X,(i) treated as interference.
® Joint backward decoding: X;(i) known; X;(i —2) treated as interference.

Forward:

interference

2
Ly = nk(i) —I—Zhjijlxj () + hjkh]jszwjlglj (1)
j=1

2
2, =N (i—D+ > h howw, §,(i—1)
=1
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Achievable rate region

B Achievable rate region

® Stationary condition: i— oo and max{|4, ||4,|} <1

R, < Iog(1+ HH ElHlk)
c(”)= U (R.R) R, < log(1+ H5.Q'H,, ) ,
wij (€
Power region:  P= {wij Swin [P+ Twg, P+ w9 Tws, P +a;) < Pj}

Qy denotes the covariance matrix of Z, : Q.= E(Zk-ZkH )

Ref. A. Goldsmith, S. A. Jafar, N. Jindal, and S. Vishwanath, “Capacity limits of MIMO channels,” IEEE J. Sel. areas Commun., vol. 21,

no. 5, pp. 684-702, June 2003.




Compound Multiple Access Channel with Full-Duplex Amplify-and-Forward Transmitter Cooperations

Optimization Problem

B Maximize sum rate
® Rate-profile approach: choosea 0<a<l, a=1-«a

Define R, =R +R,, R =aR, ., R, =aR, .

® Sum rate maximum problem for a fixed «

max R

e el
s.t. R, <log (1+ Hﬂ(Q‘lHlk) st aR,,, <log (1"' Hﬂ(Q_lHlk)
R, <log(1+HAQ™H,,) ‘ aR,,, <log(1+HLQ'H,,)
R +R, <log(1+HAQH,, +HAQ™H,,) Run < l0g(1+HIQHy + HEQ M Hy )
max{| 4, 1|4} <1, max{| 4, |,}A,[} < 1
{w,}eP, k=34 {w;}eP k=34,

All the constraints are not convex !l
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Algorithm

Iterative method
® FixQ,, and optimize the transmission parameters {Wij} .

® Update Q, with the obtained transmission parameters.

Iteratively solve the first step: optimize w;,,w;,,w;; with the fixed w;,,w;,,w;,

Define
le B [WjZ le]T sz = [ng 1]T RL??V)V(U} Rsum
st aR,,, < log (1+ WT. W, )

H o =G5 Wi, =Gy, \Wy,
aR,,, <log(1+ Wi T, W, )

Tt . HA-1
Hermitian matrix: T,, =G;,Q7 G, RsumSIog(1+W TW, +WHT W”)

i ki

Quadratic constraints WIW, +(WiW, -1)m, <P, k=34
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Eigenvalue constraint

B Eigenvalue constraint approximation B Example
® Difficult: matrix A is not Hermitian.

Common feasible set
sz 8 A Lost feasible set
W_ hjing e Infeasible set
A= N 6
— " )
hw.,. 12
s W-
j1

® Approximation:

WHEW,, <0, g WHEW,, <1

with E, =diag(1,—1), E, =diag(1,0) -6
limit the norm of each element. K
1050 l8 |6 l4 l2 :) l2 :1 ;3 |8
W, Real
13\>,1+ m——lz 25| < |2 +|hyw .
Wi, Wi, wp, | ' Feasible set of Wy,

By Gershgorin circle theorem. max |4;| : AUC  Approximation: BUC
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Semidefinite Relaxation

B Equivalent change

max R
Rsum r{Wij}

st 2 < (1+Tr(T, W)

Jkj

sum

2 <(1+Tr(T, W)

k]
2% < (L4 Tr(T, W)+ Tr(T, W)
Tr (E,W,,) <0, Tr(E,\W,,)<1,
rank(W.,, )=rank(W,,)=1

~ ~

Tr(W,)+(Tr(W;,)-1)m, <P, k=34.

Define new 2 by 2 matrix:

W, =W,W,", with W, € H*>?

ij

B Gaussian Randomization
® Obtain W, by solving the left problem
® Generate samples w, ~ A0, W;)
® Check the generated samples.

® Choose the best couple samples.

5 —min ;'09 (1+Wjj Tjk,-W,-,-), g'og(l"'WﬁTTkTWﬁ)’

sum

Jkj i ki

|og(1+ WHT W+ WHT, Wﬂ)

 Z.Q. Luo, W. K. Ma, A. So, Y. Ye, and S. Zhang, “Semidefinite relaxation of
‘ quadratic optimization problems,” IEEESignal Process. Mag., vol. 27, no. 3, pp.

| 20-34, May 2010.




Compound Multiple Access Channel with Full-Duplex Amplify-and-Forward Transmitter Cooperations

Gaussian Algorithm

TABLE I Algorithm I: Gaussian randomization method for optimizing w;; and wo.

Input: the total sample number /, Q, wj;, and wj,
Output: W+, W+
1: Compute the SDR solutions W7,, W7, by solving the convex problem (53) with the fixed
Qx, Wi, and wis.

2:. fori:=1to [ do

3 Generate samples w;1; ~ N(0, W7;) and Wjp; ~ N (0, W7,);
4 Set the second element of wjy; as 1;

5 if VAVJI{VAVJl -+ (V\;ngng — 1) m; > PJ then

6: Compute w;1;, Wjo; in (55) and (56).

7 end if

8 if W;1;, W;o do not satisfy max(|A;|,|A2|) < 1 then
9: R,su,,l(\?vﬂ,-.v“ng,-) == [

10: else )

11: Compute Ry (Wi, Wjo; ) in (54).

12: end if

13: =1+ 1.

14: end for

A

15: Search i = arg max._, ;Roum(W;1i, Wj2).

.....
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Final Algorithm

TABLE II Algorithm II: Two-step iterative algorithm for optimizing transmission parameters.

Input: [ = 0, tolerances & > 0, & > 0 and feasible initial transmission parameters
0 0 () 0
Wi, Wig, W, Woo
Output: w;,, wi,, W5, Wy,
I: repeat

2. Compute Q) in (41) and (43) with w!,, wi,, w),, and wh,;

w0 (wiil, wig, wopl, W) = (W, Wig, Wiy, Wip).

4: repeat

5. Obtain (wii!, wii') = (Wyy;-, Wyg-) via Algorithm I with the fixed whi', whi',
and Q! ;

6: Obtain (Whi', wis') = (Wyse, Woge) via Algorithm I with the fixed w'i!, wii!,
and Q!

7. until |1?.mm(wﬁl~ WII;I) - Rﬂtl!t(w‘ljl~ W[;;l)| < &o.

8: l=1+1.

9: until |Ryum(Wiy, Wiy, Wy, Why) = Ram (Wi, wip', wir', wip')| <&

10: (Wiy, Wiy, W3y, Wiy) = (Wiy, Wiy, Wy, Why).
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Convergence

P, 20dB
P, 20dB :
—
- 35 =
h12 N h21 3
P, (Residual SI) -10dB £ 3[/
E 2.5 —_ =S T L e o e
é /—’_,—:—:-:-:_::' e = e i B = e
g 2[ /;I'/'
channel < [
7 — Joint backward decoding
h 0.1 7 - = Joint forward decoding
13 . o oo Initial point I
h 0.1 0.5
24
h14 0.4 % 5 10 15 20 25
Iterations
h23 0.4 The convergence of algorithm
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Achievable Rate region

P 20dB 45 T ! !
v -O- A +Joint backward decoding
P ZOdB 4 -0~ A, +Joint backward decoding
2 ‘\ -o~ A +Joint forward decoding
h,=h 3 et |
12 0 21 \ \8\ -- A out cobperation

N\
R L \\\9\
P. (Residual SI) -10dB N

7
4

R, (bits/s/Hz)
957
/

R | ' AN

H
(2]
3

| h13 | 0.1 | . N

%
/

|h24| 0.1 H~:d°\

o
[

-~
~

~89

-
-

1

o
1
iT
11

1
U
1
I

-
-

AI | h14 |=| h23 | 0.4 0 0.3 ! 15 e Ebits/s/lﬁ) 3 35 4
a | h14 |=| h23 | 0.5 Achievable rate regions




Compound Multiple Access Channel with Full-Duplex Amplify-and-Forward Transmitter Cooperations

Conclusion

® AF-based scheme has been proposed;

® Accumulated residual self-interference has been studied;

® Joint forward decoding and backward decoding were proposed to
characterize the achievable rate regions;

® SDR-based algorithm was studied.
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