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Introduction

Contribution

M 1 — Encoder 1
\_ Y

— (M1:M2)

+ Decoder
M 2 — Encoder 2 —/ .

Y2k

A coding scheme achieving
o Reum(¥%4) > C NoFB,sum (strictly)
@ limyzu Reum(¥£) = C PFB,sum



Introduction
Introduction

@ Even for memoryless MACs noiseless feedback can increaseityapa
(Gaarder&Wolf'73)

@ With noisy feedback can do at least as well as without:

C NoisyFB s C NoFB

@ Can one do strictly better than without?
o We'll study the Gaussian MAC



Previous Results
Perfect Feedback
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Yk = Xpk + Xok + Zg
whereZy » 1ID Ngr(O;N).
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Previous Results

Perfect Feedback
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where

N(N +2P(1+ Y%y,)=(N + P(1j ¥,)?



Previous Results
Noisy Feedback
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Previous Results
Noisy Feedback

Wl;k
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X 1k
M1 — Encoder 1
Yi
+ Decoder [— (M1;M32)
M 2 — Encoder 2 —/
X 2:k k
Yok
Wik

@ Inner bounds (Carleial'82, Willems'82, Gastpar'05)

o Strictly better than C yorg Only for %% smaller than some threshold
depending on(P; N )

o Outer bound (Gastpar&Kramer'06)



Main Result

Main Result

In our scheme foO< P;N < 1
Rsum(%z) > CNoFB,sum 8%7 < 1
and

J/L)rgo Rsum( /4) C PFB,sum



Sketch of the Proof
Structure of the Concatenated Scheme
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@ Outer code ignores feedback
@ Inner TX uses feedback
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Sketch of the Proof

Structure of the Concatenated Scheme

Super Channel Wy

[
)
L kU

@ \super channel": inner TXs, channel uses, preprocessor
o Outer Code:

o \sees" a memoryless MAC without feedback

e code to achieveC guan(\super channel")

o =) Rin= 1c{) (\super channel”)



Sketch of the Proof
Structure of the Concatenated Scheme
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@ \super channel™;” uses per singl€¢U;; U,) of MAC with noisy FB
o (01;0,): LMMSE-estimates based oM,

@ maximizeC gu)m(\super channel"), i.e. 1 (Ug; Uy; O1; 0y)



Sketch of the Proof

Example for = 2, Inner Transmitters

@ Sending(Uq; Uy)
e Attime 1

X11= U
X21= Uy

@ with outputs

Yi=U+ U+ Z4
Y0;1: U1+ U2+ Zl+ Wo;l; f0r0:1;2:



Sketch of the Proof

Example for = 2, Inner Transmitters

o Attime 2
X12=,2(Uri c1Y1;1)
X22=1j,2(Uzi c1Y21)
9 B
where, 2 = Gz (PN +%2)"
o

Yo=,2(U1i Ui ca(Wy1i Wo))+ 22



Sketch of the Proof

Example for = 2, Inner Transmitters

o Attime 2
X12=,2(Uri c1Y1;1)
X22=1i,2(Uz2i c1Y21)
9 B
where, 2 = Gz (PN +%2)"
o

Yo=,2(U1i Ui ca(Wy1i Wo))+ 22

o Note the modulation at encoder 2!



Sketch of the Proof

Example for = 2, Choice ofc;

e Maximizel (Uz; Uo; O1; Us)over e

YT oVar(Yin) + 2% Var(Ya) + 2925




Sketch of the Proof

Example for = 2, Choice ofc;

e Maximizel (Uz; Uo; O1; Us)over e

YU oVar(Yia) + 222 Var(Ya) + 2925

@ Remarkl: Maximizing coexcient is not LMMSE-estimation
coezcient.



Sketch of the Proof

Example for = 2, Choice ofc;

e Maximizel (Uz; Uo; O1; Us)over e

YU oVar(Yia) + 222 Var(Ya) + 2925

@ Remarkl: Maximizing coexcient is not LMMSE-estimation
coezcient.

o Remark2: If receiver knowsWy.xg; f W2k g acausally,ci is
LMMSE-estimation coezxcient



Sketch of the Proof

Example for = 2, Performance

T L 2p? ,
= Zlog 1+ = + Zlog@1+ 3 A
2 N 4 2P+ N) P+ N + 3%+ 23

Rg%)m 3/42) > C NoFB,sum 8%



Sketch of the Proof
Inner TXs, generadl

Inner Transmitters:

@ Sending(U1; Uy)
o Attime k wherek 2f1;:::;" g

A K 1 I
Xk =,k Ui G Y1
i
Ao,
Xox=(i D1 Ui (i D) toiYay
i=1



Sketch of the Proof
Inner TXs, generadl

Inner Transmitters:

@ Sending(U1; Uy)
o Attime k wherek 2f1;:::;" g

A K 1 !
X1k =,k Urij G Y1
i
iy Wi !
Xok= (i DM Ui (i 1) cYzy
i=1

¢ Modulate the second input by1 orj 1.

@ Modi ed version of Ozarow's encoding scheme.



Choice of (3%) and Convergence fé# # 0

o Rsum(¥4): Choose (¥#) decreasing for increasinygf

e Choose (¥4) to be the better of =2 or something exceeding
3 .

sup Rim(¥8) i %2
sup



Choice of (3%) and Convergence fé# # 0

o Rsum(¥4): Choose (¥#) decreasing for increasinygf
e Choose (¥4) to be the better of =2 or something exceeding

3
sup Rgu)m(‘%z) i vz
Ty
So that

f (¥R
lim Rguf’n ))(3/42) = CpFB,sum
Y2 #0



Discussion and Conclusion

Comparison to other known bounds on the Sum-Capac

Bounds onC NO.SyFB suminnatsforP=1,N =1

0.66

T
— Presemed LB
—C

— Carle|a| LB
0.64 R
Gastpar LB

0.6

0.56 -

054 . . . . .
10° 10° 10° 10% 10° 10°




Discussion and Conclusion
Summary

In our scheme fob< P;N < 1
Rsum(?/“z) > C NoFB,sum 8%7 < 1
and

Y240 sum( ) PFB,sum



	Introduction
	
	

	Channel Model and Previous Results
	
	

	Main Result
	

	Sketch of the Proof
	
	
	
	
	
	
	


