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Channel Model
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Channel Model (1/3)

X1

—| Encoder X Decoder —

Single User.

MIMO. In our case:
e 2 TX antennas.
e 2 RX antennas.

Complex Parallel Channel (no cross terms).

Block Fading (channel is coherent for N samples).
No CSl at TX.

Full CSI at RX.
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Channel Model (2/3)

— Encoder Decoder —
2

Symmetric Channel (same statistics).
Independent channel, across antennas and time blocks.
Two State Channel [Kazemi,2018] [Whiting,2006], each
Pr(h) = Pad(h — Ha) + Pgd(h — Hp).

o State A: "Bad” channel (low gain)

o State B: "Good" channel (high gain)

v, when S; = Aw.p. P,y
|Hi|?> = { 4/ 26

Vp when S,' =B W.p. PB
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Channel Model (3/3)

Channel Equations per block

Y1 = H1X;:+N;
Y= HX;+ Ny

Power Constrained E[|X;|?] < P on sub-channel i € 1,2.
Shannon’s Capacity considers the worst case.
This may turn out too low.

Variable-to-fix coding [Verdu,2010] allows to deliver high
throughput.

5/ 26

Kfir M. Cohen, Avi Steiner, Shlomo Shamai (Shitz) Broadcast Approach over Parallel MIMO Fading Channel



Channel Model
oooe

Motivation

Goal of Work

Finding an encoding and decoding scheme that achieves the highest
throughput.

v

Main Tools to Achieve

@ Broadcast Approach for block fading [Shamai, 1997] [Shamai,2003].
@ Degraded Broadcast Product Channel [EIGamal,1980].
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Broadcast Approach for Fading Channels

@ Layering coding and successive decoding for SISO channel.

@ For two layers, use power of a’°P to overcome the bad channel while
treating second layer as noise, and (1 — a°)P for the second layer.

@ Average throughput (two layers)
RS (ab€) = Palog (1 + %)

+ Pg [Iog (1 + 71+VZ??EC;C)P) + log (1 + vp(1 — abC)P)] .
o Maximal average throughput by

bc,opt _ - _ Pgurp—(Pa+Pg)ra
o = max {0, min {1, 1 PP ([
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El-Gamal 1980 Degraded Broadcast Product Channels

~(BA) ~(BA
g2

gea(*)

~(AB) . (AB
4, o439

gas()

Gaussian BC subchannel 2

1+ v,aP 1+ vpaP
vyaP
1+ v,aP

R0§|0g<l+ﬂ>+log<l+ﬂ)

Ro + Rea = Ro + Rag < log <1+ >+|0g(1+VbP)

vaaP

R R Rag < 1 P | 1+ ———
0 + Rea + Rag < log (1 + v,P) + Og( +1+VaaP

) +lostuar). 8/ 26
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Main Contribution: Adding states AA and BB to El-Gamal

In red: El Gamal

In Black: Additional states
AA: bad-bad states

BB: good-good states
cr: bad-good or good-bad crossed

states
o)
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Main Contribution: Applying on the channel model

Encoder Parallel Channel Decoder

(AA)

. (BA) . (BA) .(BA)
w, L W LW,
goal") AA 0 BA BA

w . WaB w
43. splitter waa fer () HAB) 4 (AB) 4 (46) mux 4:—>
! - an Y0 B | o
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| ! WgA )vw/(\e )vwézs ) H
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Main Contribution: Encoding procedure

H Stage no. H codewords \ Power \ Interference and Noise Power H
=1
1 WaaA OcAAP vy + (ozc, =+ aBB)P
- =T
2 wo, wag, wea | acrP | ;1 +aggP ;and v, + aggP
3 wWgBB aBBP vy
H S H Waa ‘ Wo ‘ WBA ‘ Wag ‘ WaB H Sum Rate ‘ Probability H
AA) W] - - - - | Raa P2
AB) [wlP[a™® ] - [wP ] - || Raa+Ro+Ras PaPs
(8.A) [y | g™ [y | - | - | RaatRo+Rea PePa
(8,B) | wEB [ (PP | wBB [ WP | wBB) | Rus+ Ry + Rag + Rea + Res | P2
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Main Contribution
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Main Contribution: Defining the sum rate

[5/5] A B

A Raa Raa + Ro + Ras
B Raa + Ro + Rea | Raa+ Ro + Rag + Rea + Rgs

Rag = PaRaa+ PaPg(Raa+ Ro+ Rag)
+PgPa(Raa + Ro + Rga)
+PZ(Raa + Ro + Rea + Rag + Reg)
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Main Contribution: Rates under Broadcast Approach

2log (14 —SaaP

IN

Raa

vy t+aaP
< aAiA” ____aagP
Raa+ Ry < 2log |1+ LraaaP +log (1 N ”;1+(dac’+aBB)P)
aag P
+iog (1+ ﬁ)
Raa+Ro+Rea = Raa+ Ro+ Ras
< =Y. L _ aagP
< 2log (1 + v +aAAP) +log (1 + V,;_1+(5‘acr+0‘BB)P)
| 1 acirp
+ og( + YtagsP
Raa+ Ro+ Rga+Rap < 2log 1+QA7AP Tlog (14 =T
LraaaP vp tessP
__ aagP Goerh
+ log (1 + _1+(aacr+asg)P> +log 1+ u;l+aBBP)
Raa+ Ro+ Rga+ Rag+Reg < 2log <1+ aAiAP) + log (1+ v )
v Lt GaaP v, t+oapgP
_ aagP GogP
+ log (1 + *1+(aacr+ass)”) +log {1+ u;1+aBBP)
apgP
+2log ( 1+ o1 13/ 26
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Main Contribution
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Main Contribution: Optimization Formulation

P P
Rug = P2 {2 log (1 + _f““i“_) ] +2P4Pg [2 log (1 + _f“‘i“_>
vy + aaaP Vi + aaaP

aoer P o P
+log | 1+ ——— +log |14+ ————
Vi + (aacer + agg)P v, - +apgP

P P
+P,23|:2|og (1+_laA7A_)+|og 1+_1L
vyl 4+ aaaP v, +apsP

aae P aoe P
+log | 1+ — — + log 1+717
vy~ + (aae + ags)P vy +aggP

P
+2log (1 + anl > }
Yp

should be optimized over the 4 dimensional power allocation vector

app > 0, 2 0,a8 20

o = T o b
v 7{0‘ = [ om0, cge]” € R 0<a<laptactags =1 } 14/ 26
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Main Contribution: Optimizing the sum rate

The optimization problem of R,,¢ over the 4 dimensional can be reduced
to a single dimensional problem.

The maximal sum rate of the symmetric two parallel two state channel
over all power allocations o’ = [a, apa, o, apg]” € D' is
Ry = 2(Pa+ Pg)’log(l+vaP)
+ max {Ro(l — aAA) = Rl((l — aAA) . (1 — aoPt(CMAA)))}
0<apa<
where
P2v, — [(Pa + Pg)? — P2Jv,
opt - ind{1,1— —B° A :
o’ (aan) max {0, min { , P2 Po - aP(1 — aan)
Ro(ao) = [(Pa+ Pg)* — P3llog(l + vpaoP) — [(Pa + Pg)* + P3llog(1 + vacoP) |
Ri(a1) = P3log(l+ vpaaP) — [(Pa+ Pg)? — Pallog(1 + vaas1P). )

V.
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Main Contribution: Corollaries

Corollary |

opt
agg = 0.
True for any set of parameters v, vp, Pa, Pg, even if Pg — 1 and

Vp > V,.

| \

Corollary Il

Under the optimal power allocation,
a°pt(aAA) =1- Oécl)pt(aAA)/(]. — aAA).
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Numerical Results
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Defining Sub-Optimal Schemes for Comparison

Independent Broadcasting

Disjointly encoding different messages into each single channel using the
broadcast approach.

Privately Broadcasting

Allocating no power to the common stream of the crossed states (wp).
Special case by setting a = 0.

| A

Only Common Broadcasting

Allocating no power to the private streams of the crossed states (wag
and wpa). Special case by setting o = 1.
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Numerical Results 1/4

Rate over ergodic Capacity @ PA =01 PB =09 v, = 0.01 =-20.0dB vy = 0.015849 = -18.0dB
0.98

[unitless]
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0.86 [
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0.84 - -+-Independent Broadcasting
-* Privately Broadcasting a=0
Only Common Broadcasting a=1
I I
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SNR (=P) [dB]

0.82
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Numerical Results
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Numerical Results 2/4

Rate over ergodic Capacity @ PA =04 PE =0.6 v, = 1=0.0dB vy = 10 = 10.0dB
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Numerical Results
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Numerical Results 3/4

Rate over ergodic Capacity @ PA =01 PB =09 v, = 0.01 =-20.0dB vy = 0.012589 = -19.0dB
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Numerical Results 4/4

Rate over ergodic Capacity @ PA =03 PE =0.7 v, = 1=0.0dB vy = 10 = 10.0dB
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SISO Model
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SISO Block Fading Channel 1/2

This model fits also the SISO block fading channel encoding jointly two
consecutive blocks.

SISO Block fading channel

_________________

LY
H (:::}44+4444444> Decoder

F

Encoder

Rt B

1

1

1

1

1

1

1

Lo

1

12
|’84>
I)—‘

1 —

1
Nooo

This channel and coding for the two state channel was introduced by
[Whiting,2006].
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SISO Block Fading Channel 2/2

v M A comment on [Whiting,2006]

0 1n 2n 3n 4n 5n, 6n 7n 8n
time samples (a

3

channel gain

@ It is a special case When
a=1.

@ Optimal o is not 1,
R ORI analytically proven in this
work.

| @ They consider agg =0

0 1n 20 3n 4g,5n 60 n n without justification. In this
work it has been analytically
proven to be optimal.

0 1n 2n 3n 4p.5n 6n 7n 8n
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Conclusion

Applied broadcast approach on the two state parallel channel.

Used El-Gamal channel for the common and private messages for
the crossed states.

Optimization order reduced to single variable.

This scheme is superior over the disjointly encoders.

Applicable over the SISO fading as well.
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Thank Youl
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