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Marton’s region

Ry < I(Uy;Y7)
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Extended Marton’s in our notation
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Per-flow Network coding (N)
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Random binning (R) for exploiting overheard information

T > X T ) 41X .. _—vX
®~ o] O ] B




o |
Node : » ] Multiple-
number . ) access
Pl : | period
Pom |

Broadcast

i A e— A2—p] period
! ase 2

Which protocol is “better”?

0 I L L

1 1 1
1 :l | 1 1 Multiple-
2 — ! ! acoess
° 1 (I
- , . .

period

Broadcast
— period
<A1 —»:4— A2—p! | «—Am—p-la—Am+1—p-
1 1 1

Phase 2 Phase m
(b) PMABC protocol

?::g . } 1. Extended Marton’s region for broadcasting

access
period

2. Per-flow network coding
|: Broadcast

period

R 3. Random-binning to exploit side-information
: ,:]: }hgg.;_eps.z- 4. CF-based Terminal node cooperation
: - , : , perio
- i == ) o
v —— N— ——— o | o]

(d) PTDBC protocol




Cooperation (C) between terminal nodes

e “ ~~~~~~~~~

»| Base-

I ase- f o N T
PMABC - NRC e I O oo ot
Phase 1 @ MmPhase 2
— slot k > |- slot k+1
-+ phase 3 & |<+——— phase 1 > | phase 2 ———
r: Xl('S)(er(k)) 0: xcg”(wo 1)(k+1),W0,2|(k+1)) | O : xéz)(wm k+1),W0,2|(k+1))
. . . s y , . , + y s +
Transmit o o e ) oy oD, WORCD) gy
10 %1 (W1,0)(k+1),W1,2|(k)) 2 1 %2 (W2,0|(k+1),W2,1|(k))
—_— e —
compress decode decode
N 1 ~ 2 ~
Process 1: y1(3)—>y1(3)(W1,2|(k)) r: y§ )—> W1,0|(k+1) r. y5 )—> W2,0[(k+1)
e o o |2:yPoyLwarw)|2: y2 5w .21 yr( )yr( L Wo,1i(ke 1), WO,21(k+1)
y2(3),91(3)(vT/1,2|(k)) — Wo,2|(k)| 1 : y1(2)—>VT/2,1I(k)
y1(3),92(3)(VT/2,1|(k)) — W0,1(k)




Cooperation (C) between terminal nodes

N Bas_,e-
" station

- T Base- H \i @ ~~~~~~~~~~~~~ Base-
station § /’ __—] station

PMABC - NRC

Phase 1 Phase 2

— slot k > |- slot k+1
- phase 3 »|<«———— phase 1 > phase 2 ———
r. X§3)(er(k)) 0: xé”(wo 1)(k+1),W0,2|k+1)) | O : xéz)(wm k+1),W0,2|(k+1))
Transmit o o o | Ty Pk KOO I(k+1),W0.2)(k+1)) | o
1: x4 (W1,0|(k+1- 2 1 %2 (W2,0|(k+1),W2,1|(k))
—_— e ——
compress decode decode
A 1 ~ 2 ~
1: y1(3)—>y1(3. royr — Wil Y = Waole)
Process 3) A3 1) ~ My, & y
o o o |2:yPoyPlwaiw) |2 y2 W12k yr oyr — Wo,1|(k+1), W0,2|(k+1)

y2(3),91(3)(v71,2|(k))—> wo,2i(k)| 1 : y1(2)—>VT/2,1I(k)
y1(3),92‘3)(VT/2,1 1)) — WO,1|(k)




Cooperation (C) between terminal nodes

N Bas_,e-
" station

PMABC -NRC @ 2] ol

Phase 1 Phase 2

— slot k |2 slot k+1

- phase 3 »|<«———— phase 1 > phase 2 ———

(3) 1 2
r:xr (wri) | O: X )(W0,1|(k+1),WO,2|(k+1)) 0: X0 )(WO,1|(k+1),W0,2|(k+1))

Transmit o o o (1) )
1: x4 (W1,0|(k+1- 2 1 %2 (W2,0|(k+1),W2,1|(k))

compress decode decode

(1) ~ . (2 ~
r . — WA1,0[(k+1) r:yr — W20|k+1)
yr(1),yr(2)—> WO,1|(k+1), W0,2|(k+1)

1y Oy r

* o o 2:y2(3)—>f(2(3)(wz,1|(k)) 2

Process

1: y1® w2109
y1(3),92(3)(VT/2,1 1)) — WO,1|(k)




Cooperation (C) between terminal nodes

N Bas_,e-
" station

- T Base- H \i @ ~~~~~~~~~~~~~ Base-
station § /’ __—] station

PMABC - NRC

Phase 1 Phase 2

— slot k > |- slot k+1
<+ phase 3 »|<+—— phase 1 > | phase 2 ———»
_ r: x§3)(Wr|(k)) 0: X(§1)(W0,1|(k+1),WO,2|(k+1)) 0: xéz)(wo 1)(k+1),W0,2|(k+1))
Transmit o o o (1) 2 phi °« o o
10 %1 (W1,0)(k+1),W1,2|(k)) 2 %2 (W2,0(k+1)
—_— —_———
compress decode decode
Process 1: y1(3)—>91(3)(W1,2|(k)) r: y§1)—> W1,0[(k+1) r: y§2)—> VVZ,%kH) N
. oo |2 y2(3)—>92(3- 2y 2 vy Wo ik 1), Wo,2/(ke1)
y2(3),91(3)(v71,2|(k))—> wo,2i(k)| 1 : y1(2)—>VT/2,1I(k)
y1(3),92‘3)(VT/2,1 1)) — WO,1|(k)




Cooperation (C) between terminal nodes

N Bas_,e-
" station

PMABC - NRC ‘ EREE

Phase 1 Phase 2

— slot k |2 slot k+1

- phase 3 »|<«———— phase 1 > phase 2 ———

(3) 1 2
r:xr (wri) | O: X )(W0,1|(k+1),WO,2|(k+1)) 0: X0 )(WO,1|(k+1),W0,2|(k+1))

Transmit o o e 1 5 e o o
(1) (2)
10 %1 (W1,0)(k+1),W1,2|(k)) 2 %2 (W2,0(k+1)
compress decode decode
VAN 1 ~ 2 ~
1: y1(3)—>y1(3)(W1,2|(k)) r: y§ ), W1,0|(k+1) r: y§ ), W2,0|(k+1)

Process ,\ - 1 (2) o~ ~
e o o |2: y2(3)—>y2(3- 2 1 yA 5wk vy Wo 11k 1), Wo,21(c+1)

y2(3),91(3)(v71,2|(k)) — WO0,2|(k)| 1




TABLE 1

PROTOCOLS AND CODING SCHEMES

Protocol

Multiple Access

Marton’s Broadcast

Network coding

Random binning

User cooperation

Simplest

FMABC
FMABC-N

X

PMABC
PMABC-NR
PMABC-NRC

XXk XX X

ol

<X

FTDBC
FTDBC-NR
FTDBC-NRC

<X

<X

PTDBC
PTDBC-NR
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T I i I S T S o

b

b

N = Network coo

INg

R = Random binning
C = Cooperation between terminals




Quter bounds - half-duplex cut-set

FMABC

Phase 1 = MAC phase Phase 2 = BC phase




Simulations in Gaussian noise

Y[k = HX[k] + Z[K]
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Simulations in Gaussian noise

Y[k = HX[k] + Z[K]
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Evaluate expressions assuming Gaussian input
distributions and optimize over:

e phase durations

e correlation matrices of Marton binning RVs subject to
power constraints

e compression parameters
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