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User Cooperation'

Yo = h1oX1 + hooXo + g
Receiver Yl — h21X2 _|_ nl

Yo = h1oX1+np

Interferenceas information
Some versions of all transmitted signals are received hbyaales.

User cooperation: exploit overheard information to joiritesign encoding, transmit,
routing policies.

Building block towards the analysis of larger networks.
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Optimum Power Allocation for the Two User Cooperative MACI

Yo = h10X1 + hooXo + g
Receiver Yl — h21X2 + nl

Yo = h1oX1+np

e Joint work with Sennur Ulukus



MAC with Generalized Feedback.

e Gaussian MAC with cooperating encoders [Sendonaris, EAaghang]

— Special case dfIAC with generalized feedbadkVillems, van der Meulen, Schalkwijk]

e An achievable rate region is obtained by employing

— Block Markov superposition encoding
x Inject high rate fresh information to be resolved with th&he upcoming blocks.
+x Send resolution information for previous blocks.

— Backward decoding

« After receiving all blocks, decode the resolution informaatin the last block.
x Using previously decoded resolution information, sequadigtdecode earlier blocks.



Gaussian MAC with User Cooperation — No Resource AIIocatio:I
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Block Markov superposition coding
e Build common informatior{Xi2, X1)
e Cooperatively sendJ)

e Inject new information X1, X20)

X1 = v/P10X10+ /P12X12 + +/Purl
X2 = \/P20X20+ /P21X21 + +/Pu2U

e Amplitude of the each channel’s gain is assumed to be knowheatorresponding receiver.

e Phases of all channel gains are assumed known at the reaaié¢ne transmitters

— Coherent combining.



Gaussian MAC with User Cooperation — Resource AIIocatio:I
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e Build common informatior{Xj2, X>1)
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e Cooperatively sen@U)

| W 1 e Inject new informatior(X10, X20)
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X1 = v/ p1o(h)X10+ v/ P12(h) X124+ v/ pur(h)U
X2 = v/ P20(h)X20+ v/ P21(h)X21+ v/ puz2(h)U
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Complete channel state information at the transmitterslaadeceiver.

e Transmitted codewords can be modulated by channel adaquwer levels

— Opportunistic cooperation and transmission — use availabdrage power efficiently.



Gaussian MAC with User Cooperation — Resource AIIocatio:I
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e Complete channel state information at the transmitterslamdeceiver.

e Transmitted codewords can be modulated by channel adaquwer levels

— Opportunistic cooperation and transmission — use availabdrage power efficiently.



Gaussian MAC with User Cooperation — Resource AIIocatio:I
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e Build common informatior{Xj2, X>1)
e Cooperatively sen@U)

e Inject new informationXjo, X20)

X1 = +/p1o(h) X0
X2 = 1/ P20(h)X20

e Complete channel state information at the transmitterslamdeceiver.

e Transmitted codewords can be modulated by channel adaquwer levels

— Opportunistic cooperation and transmission — use availabdrage power efficiently.



Gaussian MAC with User Cooperation — Resource AIIocatio:I
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e Build common informatior{Xj2, X>1)
e Cooperatively sen@U)

e Inject new informationXjo, X20)

X1 = v/ p1o(h)X10+ v/ P12(h) X124+ v/ pur(h)U
X2 = v/ P20(h)X20+ v/ P21(h)X21+ v/ puz2(h)U

e Complete channel state information at the transmitterslamdeceiver.

e Transmitted codewords can be modulated by channel adaquwer levels

— Opportunistic cooperation and transmission — use availabdrage power efficiently.



Achievable Region of Rates with Power Contro'

e Union over all valid policie€ [pio(h) + pij (h) + py, (h)] < p; of pairs{Ry, R, } that satisfy

Ri<E]|log| 1+ h12P12(h) +log | 1+ 1o|010
] hi2p1o(h) + 03
R2<E |Og 1+ 21p2 (h) +Iog 14 h20p20
I hp1p20(h) + 0%
h h)+h h) 4+ 24/h1oh h h
R1+R2<min{E g <1+ 10P1(h) 4 h2oPa( +02\/ 10 2oIOU1( )P, ( )) |
0

hi2p12(h) ho1p21(h) hi0p10(h) +h2op2o(h)
E|log| 1+ +log +log| 1+
[ ( h12p10(h) +0% h21p20(h)+0§ ag

e Bounds not concave in power vectih) = [p1o(h) p12(h) pu, (h) p2o(h) p21(h) pu,(h)]



Properties of Sum-Rate-Optimal Power AIIocationI

Proposition 1 Let the effective channel gains normalized by the noise polme=defined as
Sj = hij /012. Then, for the power control poligy*(h) that maximizes the sum rate, we need

° pio(h) = p§0(h) =0, if S12 > S0 andSH1 > S0
o pPig(h) =pP5¢(h) =0, if 512 > s10 andsp1 < S
o pi,o(h) = p5p(h) =0, if 510 < s10 aNdsp1 > Spo

N

p1o(h) = p34(h) =0
OR

® pig(h) = p54(h)
OR

P12(h) = p5p(h) =0

0 pif sio<spandsy; < s




Implications of the Optimal Power Allocation I

Block Markov superposition coding is simpler than origlpahought.

— Each transmitter either sends a cooperation signal or frégsimation, but not both!

The choice at each channel state “only” depends on the chsiate.
— Channel statistics, power constraints play no role in degidhich signals to transmit.

— Except for the tiny little last case... which usually hasyeasignificant probability.
The achivable rate expressions are greatly simplided,are now concave.

This simplified coding policy not only maximizes the sum rdiet also the individual rate
constrains ofr; andRy, and isoptimal in terms of the entire rate region.

Concave optimization problem over a convex constraintsdgtnon-differentiable.
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Simplified Rate Region — Examplﬂ

e ASSumMes;» > Sig, 1 > So to illustrate the simplified rate region.

Ry < E[log(1+ siop1a(h))]
R> < Eflog(1+s1p21(h))]

Ri+Re < min{E ['09 (1+510p1(h) + S20P2(h) + 24/ S10820PU, (D) puz(h)>] :

E [Iog(1+512p12(h)) +Iog(1+521p21(h))] }

e Inequalities define either a pentagon like in the traditidnAC, or a triangle.
e All bounds concave in powers, and so is any weighted gufa + [1oR» at the corners.

e Sum rate not differentiable where the arguments of the naregual.
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Rate Maximization Using Subgradient Method'

Points on the rate region boundary can be obtained by maixigliz, = [y Ry + [oRo.

The optimization problem for arbitrary prioritieg andpy is given by

maxpy Ry + R
p(h)

S.t.E34 [p1o(h)] + Ei2 [p12(h)] +E [pU1<h)]
E24[p20(h)] + E13[p21(h)] + E [pu, (h)]

A IA
| T
H

{R1, Ry} is the corner of the pentagon obtained for a given power atioc policy.

Gradient of the objective function does not exist everywhénd subgradierg instead
Cu(p') < Cu(p) + (P —p)g

Use projected subgradient method to maxin@ze
p(k+1) = [p(k) + akgi] "

Provably converges for a diminishing stepsigg Shor].

12



Convergence of the Projected Subgradient AIgorithEI

Convergence of the Subgradient Method for Different Step Size Parameters
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e Rate of convergence depends on the stepsize parameter.

e Subgradient method need not give a monotonically incrgdsinction value.
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Achievable Rate Region for Joint Power Control and User Coopration'

Cooperation and Power Control in Rayleigh Fading, E[hm]:O.S, E[h 12]:0.6
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e Optimized power levels enlarge the achievable rate reggmfeantly.
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Summary and Conclusionj

Characterized the power control policies that are joingtirnal with Block Markov
superposition coding.

Using sub-gradient methods, obtained optimal power lemetscorresponding rate region.
Joint usage ofooperative diversitand I major improvements in capacity.

Encoding and decoding is significantly simplified.

— Transmitters send either cooperation or fresh informagignals, but noth both.

Optimal power policies also dictate MAC and routing polgie

— Cross layer design.

15



The Three User Cooperative Multiple Access Channﬂ

Yo = h1oX1 + h2oX2 + h3pX3 + No
Y1 = h21Xo +h31 X3 + Ny
Y2 = h12X1 + 32Xz + Np
Y3 = h13Xq + hp3Xo + Na

e Joint work with Cagatay Edemen

16



Two User MAC-GF I

Yo = h1oX1 + hogXo 4+ Np
Y1 = ho1Xo 4+ N
Yo = hyoX1 + No

e Achievable rates obtained by block Markov Encoding [SemdisrErkip-Aazhang 2003]

17



Multiple Access Relay Channe'

N

1

| Yo = h10X1 + h20X2 + h30X3 + Nop
0 Yz = hy3Xg 4+ hogXo + N3

N,

e Multiple Access Relay Channel [Sankaranarayanan, Kralst@ndayam 2004]

—>
N,

18



Multiple Relay Channel I

N

1

| Yo = h10X1 + h20X2 + h30X3 + Nop
0 Yo = h12X1 + N>

A \ Yz = h13X1 + N3

N

0

NZ¢

e Multiple Relay Channel [Schein, Gallager 00],[Kramer, (pas, Gupta 03], [Xie, Kumar 05]
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Three User Cooperative MACI

Yo = h1oX1 + h2oX2 + h3pX3 + No
Y1 = h21Xo +h31 X3 + Ny
Y2 = h12X1 + 32Xz + Np
Y3 = h13Xq + hp3Xo + Na

e Multiple users mutually cooperate: fairer scheme, poédigthigher rates, more ad-hoc.

20



Block Markov Encoding - Two Users'

e Two user cooperation: each user’s message is divided itetlv-messages
— W1 = (W10,W12), W2 = (W20, W>1)

e Block Markov superposition coding
— Build common informatior{Xi2, X21)
— Cooperatively sen@U)

— Inject new information Xy, X20)

X1 = v/ P1o(h)X10+ v/ P12(h) X122+ v/ pur(h)U
Xo =/ P2o(h) X0+ v/ P21(h)X21+ v/ Pu2(h)U

e When cooperative links stronger than direct links, sho@aden sendvig [Kaya-Ulukus 07]

21



Block Markov Encoding- Three Users'

Extension of Block Markov encoding to three user coopematio
— Wy = (W10,W12,W13), W2 = (W20, W21, W23), W3 = (W30, W31, W32)
Which messages should be decoded by which users?

— Potentially too much interference.

How should the cooperative signals be formed?

— Should the users cooperate in pairs? Collectively?
We propose ahannel adaptivencoding/decoding approach.

Drop wig for simplicity: assume stronger inter-user links as in tvgercase.

22



Users’ Decoding Capability'

e Normalization:s;j = hjj /0%

e Assumption:

— Sj > So, Vlaj S {17273}7 I%J

User | Own Messages Decoded Messages
1 W12, W13
2 W21, W23
3 W31, W32

23



Users’ Decoding Capability'

e Normalization:sj = hij/crj2

e Assumption:
— §j > So, Vlaj S {17273}7 I 7é J
— S12 > S13.

User

Own Messages

5 Decoded Messages

W12, W13
W21, W23

W31, W32

W12, W13

W13

23



Users’ Decoding Capability'

e Normalization:s;j = hjj /0%

e Assumption:

— Sj > So, V|,] S {17273}7 I#J

—'S S13,
h n b 12 > S13
N — $1> 93
> -«
h,, N;
User | Own Messages Decoded Messages
1 W12, W13 W1, W3
2 W21, W23 W12, W13
3 W31, W32 W13, W23
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Users’ Decoding Capability'

e Normalization:s;j = hjj /0%
e Assumption:
— Sj >So, Vi,j€{1,2,3}, i # ]
— S12 > S13,
— $1> 3
— $32 > S31

User | Own Messages Decoded Messages

1 W12, W13 Wo1, W23, W31
2 Wo1, Wo3 W12, W13, W32, W31
3 W31, W32 W13, W23
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Block Markov Coding I

User | Transmitted Codeword

1 U (W) 3, Wog, Waq), U1 (W), WHq,U),
X12(W12,U1,U), X13(W13,U1,U), X10(W10, X12, X13,U1,U)

2 U (W3, W3, Way), Uz (W, W5, U), Us(Ws,,U),
X21(Wo1,U1,U3z,U), Xo3(Wa3,U1,U3,U), Xoo(Wao, X21, X23,U1,U3,U)

3 U (W3, W3, Way), Uz(W3,,U),
X31(Wa1,U3,U ), X32(Wa2,U3z,U ), X30(W30, X31, X32,U3,U)

X1 = v/ P1oX1o+ vPi2X12 + /P13Xe3+ /Py, U1 + /Pyl
X2 =/ PooXo0+ VP21X01 + 1/ Pa3Xoz + +/Poy, U1 + /PoayUsz + /PryU
X3 = 1/ P30X30+ v/ P31X31 + \/P32X32 + /Pau,Us + /Py U

Pro+ P2+ Pi3+ Py, + Py <P
Poo+ P21+ Pos+Poy, +Pou, +Poy <P
P30+ P31+ P32+ Psy; + Py <Ps

24




Rate Constraints for Error Free Decoding at User 2'

Ro1 < E[log(1+4 $1Po1/A)]
o Ros < E[log(1+s21P03/A)]
3(Py +Py 4P 4P,,) Rs1 < E[log(1+ s31P31/A)]
S Ry < E[log(1+sp1(Po1+ Po3)/A)]
Ro1+ Rs1 < E[log(1+ (S21Po1 +S31P31) /A)]
[log (
[log (

Yy,
5 S2l(P21+P23+P2U+P2U1+P2U3)’ a v R23 —+ R31 < E |Og l + (SQ]_P23 + 93,1P31) /A)]
R
LT A Rz +Rs1 < Eflog(1+ (s21(P21 + P23) +531P51) /A)]

e User 1 can decods,q, wo3 andwsq without error

e X3 and its cooperative versidig(W;,) are treated as noise at User 1

— A= 51Poy, +S31(Ps2+ Pay,) + 2\/521531P2U3 Pay; +1

25



1
s12(P12+P13+P1U+P1U1)
GRS ' '
S3(P3 Py Py tPyys)
: 2
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S

e User 2 can decode all transmitted signals.

Rate Constraints for Error Free Decoding at User ZI

Ri2 < Eflog(1+ s12P12)]
Riz < E[log(1+s12P13)]
Ra1 < Eflog(1+ s32Ps1)]
Ra2 < Eflog(1+ s32Ps2)]
Ry < Eflog(1+s12(Pi2+ P13))]
Ri2+Rs1 < E [log(1+ s12P12+ S32P31))]
[log(

Ri2+ R32 < Eflog(1+s12P12+ S32P32)]

e MAC capacity region with 4 independent messages,

— no interference terms.

26



Rate Constraints for Error Free Decoding at User 2 (cnt’d)'

Ri3+R32 < E|lo
Rz < E|lo

Ri+R32<E

1
s12(P12+P13+P1U+P1U1)
by
| 2. Ri2+R3 < Ello
S3(P3 Py Py tPyys) y
: L2
Al
- «

e User 2 can decode all transmitted signals.

e MAC capacity region with 4 independent messages,

— no interference terms.

27

Ri3+R31 < Ello
Ri+R31 <E

Riz3+R3 < EJlo
' Ri1+R3 < E|lo

1+ s12P13+ S32P31)]

1+ s12P13+S32P32)]

1+ 32(P31+P32))]

1+ s12(P12+ P13) + S32P31)
1+ s12(P12+ P13) + S32P32)
1+ 512P12+ S32(Pa1+ Ps2))
1+ 512P13+ S32(P31+ Ps2))
1+ s12(P12+ Pi3) +S32(P31+ Ps2))]

]
]
]
]



Rate Constraints for Error Free Decoding at User EI

1

$u(P Py tPtPyy) Ri3 < E[log(1+ s13P13/B)]
: Ro3 < E [log(1+ $p3P»3/B)]

v J Ri3+ Ro3 < E[log(1+ (513P13+ S23P23)/B)]
Sy (P TPy Py P, P ) ¥

2 . @
O

e User 3 can decods;z andwsys without error

e Xi2, X21 and their cooperative versidh (W;,, W,,) are treated as noise component at User 3
— B=s13(P12+ P, ) +S23(P21+ P, ) + 24 /S13%3P1w, Pou, +1

28



MAC Rate Constraints at Destination Sidﬂ

1
SIO(P12+P13)
______ . O
..... ‘
Uy
SSO(P31+P32)
2 ... 3
SZO(P21+P23)

e The destination can decode all transmitted signals usiokvizerd decoding.
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MAC Rate Constraints at Destination Sidﬂ

1

SIO(P12+P13+ )

e The destination can decode all transmitted signals usiokvizerd decoding.
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MAC Rate Constraints at Destination Sidﬂ

1

SIO(P12+P13+ )

e The destination can decode all transmitted signals usiokvizerd decoding.

29



MAC Rate Constraints at Destination Sidﬂ

1

Sy(P P+, +Py)

SSO(P31+P32+ +P3U)

e The destination can decode all transmitted signals usiokvizerd decoding.
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MAC Rate Constraints at Destination Sidg'

Ra2 < E [log (1+ s20Pou; + S30(P32 + Paus ) + 21/520530P2u5 Paus ) |
Ri2+ Ro1 < E [log (1+ s10(Pi2+ P, ) + S20(Po1 + Pauy ) + 24/S10820P1u; Pauy ) |
Riz+ Roz+ Rs1 < E[log(1+ s10(Pi3+ Piu) + S20(P23 + Pou ) + S30(Ps1+ Pau)

+2(+/$10520P1u Pou + v/S10830P1u Pau + v/S20530P2u Pau ))]
Ri2+ Ro1+ Rs2 < E [log (1+ s10(Pr2+ P, ) + S20(Po1 + Pau, + Pous) + S30(Ps2 + Paus,)

+2+/510820P1u; P2u, + 24/520530Pou; Paus )|
Ri3+Ro3+ Rs < E [log (1+ s10(Pi3+ Pwu) + S20(P23 + Pou + Pau, ) 4 S30P3

+2/520830P2u; Pau; + 2(v/S10520P1u Pau + v/S10S30Pu Pau + v/S20S30Pou Pau ))}
Ri+R+R31 <E [Iog (1+ S10P1 + S20(Po1 4+ Poz 4+ Poy + Pay, ) +S30(P31+ Pau)

+21/510520P1u; P2u; +2(1/S10520P1u Pau + v/S10830P1u Pau + v/ S20830P2u Pau ))}
R1+ R+ Rs < Eflog(1+ S10P1 + S20P> + S30P3

+2/510520P1u, Pau; + 21/S20530P205 Paus + 2(1/S10520P1u Pau + v/ S10830P1u Pau + v/S20830P2u Pau ))}

30
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Achievable Rates for Three User Cooperatio:'
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Achievable Rates for Three User Cooperatio:'
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Achievable Rates for Three User Cooperatio:'
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R1

Achievable Rates for Three User Cooperatio:'
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Achievable Rates for Three User Cooperatio:'

1 T T T T
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Achievable Rates for Three User Cooperatio:'

1 T T T T
—#— 3 Users Cooperation, R1=0
09 —*— 2 Users Cooperation .
s, =s. =s. =[0.5,0.55,0.6,0.65,0.7]
0.8 51,=5,,=5,.=[0.8,0.85,0.9,0.95,1]
512=521=532=[1.1,1.15,1.2,1.25,1.3]
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Channel Ordering Assumption Revisited'

Considered channel orderings of type
Sj > Sk, Sji >Sik, Sj>Si, |#]#K
— Concept of "strong” and "weak” users

Other channel orderings possible
Sj > Sk, Sk >Sji, Si>Sj, |#]#K
We need to update the encoding/decoding accordingly.

Not asymmetric as before, no particular "strong user”:tettga becomes somewhat different.

Idea: choose the right encoding strategy based on the tas&wus channel ordering.
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Users’ Decoding Capability'

e Normalization:s;j = hjj /0%

e Assumption:

— Sj > So, Vlaj S {17273}7 I%J

User | Own Messages Decoded Messages
1 W12, W13
2 W21, W23
3 W31, W32
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Users’ Decoding Capability'

e Normalization:sj = hij/crj2

e Assumption:
— §j > So, Vlaj S {17273}7 I 7é J
— S12 > S13.

User

Own Messages

5 Decoded Messages

W12, W13
W21, W23

W31, W32

W12, W13

W13
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Users’ Decoding Capability'

e Normalization:s;j = hjj /0%

e Assumption:

— Sj > So, V|,] S {17273}7 I#J

—'S S13,
h n b 12 > S13
N — $3> 1
> -«
h,, N;
User | Own Messages$ Decoded Message
1 W12, W13 Wo1
2 W21, W23 W12, W13
3 W31, W32 W13, W23, W21

S
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Users’ Decoding Capability'

e Normalization:s;j = hjj /0%
e Assumption:
— Sj >So, Vi,j€{1,2,3}, i # ]
— S12 > S13,
— $3>51
— S31 > S32

User | Own Messages Decoded Messages

1 W12, W13 W1, W31, W32
2 Wo1, Wo3 W12, W13, W32
3 W31, W32 W13, Wo3, W21
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Block Markov Coding I

User | Transmitted Codeword

1 U (W3, W)y, Wap), U1 (Wyp,U), Us(wgq,U),

X12(W12,U1,U), X13(W13,U3,U ), X10(W10, X12, X13,U1,U3,U)
2 U (W3, Wo1, Wa5), U1 (Wyp,U), Ua(Wyg,U),

X21(W21,U1,U), Xo3(Wa23,Uz2,U ), Xo0(Wa20, X21, X23,U1,U2,U)
3 U (W3, W)y, Wap), Us(Waq,U), Ua(Wag,U),

X31(W31,U3,U), X32(W32,U2,U), X30(W30, X31, X32,U2,U3,U)

X1 =v/P1oX10+ v Pr2X12 + /P13X13+ /Py, U1 + /P, Us + / PiyU
X2 =/ P20Xo0+ v Pa1Xo1 + /P23Xo3+ /Pay, U1 + /Pau,Uz + /PiyU
X3 =v/P30X30+ v/ P31X31+ v/ P32X32 + /Pay,U2 + /Pay,Us + /Py U

Pro+ P12+ P13+ Py, + Py +Piw <P1
Poo+ P21+ Pos+Poy, +Pou, +Poy <P
P30+ P31+ P32+ Psy, +Psy; + Py <Ps
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Rate Constraints for Error Free Decoding at User 2'

12 P12+P13+P1U+P1U1+Pluz i 1P
" ’ ; Rj <E [Iog (1+ z{"’}iﬁl ! )]
(i,frer:

VI C {{27 1}7 {37 1}7 {37 2}}

S(Py P, 4P +P P )) v

3 x
.-""" ,a’

e User 1 can decods,q, w1 andws, without error

o Us(W,y,) is treated as noise at User 1

— A= 1+ 51Py2+31Psu2 + 2v/S21S31P2u2Psu2
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Rate Constraints for Error Free Decoding at User EI

CEONTI

31 P31+P32+P3U+P3U3+P%U2 i PRt
" | )E ; R <E[Iog(1+ 2{|,,}6Er3232 ”)]
(i,f¥er,

VITo C {{17 2}7 {17 3}7 {37 2}}

S21(P21+P23+P2U+P2U1+P7 '

2U 2)
: . O
E ‘.-""" ,a’

e User 2 can decode;y, Wiz andws, without error

e U3z(wj,) is treated as noise at User 2

— B=1+s12Piu3+ S32Psu3 + 2v/S12532P1u3Paus
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Rate Constraints for Error Free Decoding at User EI

13 P12+P13+P1U+P1U3+PIU] i 2P
" )E ; R <E[Iog(1+ Z{|,J}ecr:3$3 ”)]
(i,f¥ers

VI3 C {{17 3}7 {27 1}7 {27 3}}

S23(P21+P23+P2U+P2U2+P7 '

2U1 )
: . ©
E ‘.-""" ,a’

e User 3 can decode;s, Wo1 andwsys without error

e U;(W),) is treated as noise at User 3

— C=1+9s13Pw1 + S23Pou1 + 2v/S13923P1ww1Pout
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MAC Rate Constraints at Destination Sidﬂ

1
510(P12+P13)
N
..... . O
..... »
2A
S30(P31+P32)

2 ‘..’:::::::‘. 3
Szo(P21+P23)

e The destination can decode all transmitted signals usiokvizerd decoding.
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MAC Rate Constraints at Destination Sidﬂ

1
510(})12+P13+ )
N
..... . O
..... »
2A
S30(P31+P32)
2 ‘..’:::::::‘. 3

SZO(P21+P23+ )

e The destination can decode all transmitted signals usiokvizerd decoding.
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MAC Rate Constraints at Destination Sidﬂ

1

SIO(pl2+Pl3+ + )

S30(P3 1 +P32+ )

2 ‘..’:::::::‘. 3
SZO(P21+P23+ )

e The destination can decode all transmitted signals usiokvizerd decoding.

43



MAC Rate Constraints at Destination Sidﬂ

1

SIO(pl2+Pl3+ + )

S30(P3 1 +1)32—|_ + )

2 ‘..’:::::::‘. 3

SZO(P21+P23+ + )

e The destination can decode all transmitted signals usiokvizerd decoding.
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MAC Rate Constraints at Destination Sidﬂ

1

S10(})12+P13+ + +P1U) "-_

b
..... } ..~
o g
----- b
..... »
AALAA
b S30(P31+P32+ + +P3U)
2 3

SZO(P21+P23+ + +P2U)

e The destination can decode all transmitted signals usiokvizerd decoding.
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MAC Rate Constraints at Destination Sidg'

Ri2 <E |log (1 +510(P12+ Piw1) + S20(P21 + Pau1) + 2v/S10820P1u1Pau 1)

Rs1 <E |log (1 +510(P13+ P1u3) + S30(P31+ Paus) + 2v/S10830P1u3Pau 3)

Ro3 <E |log (1+ S20(P23+ Pou2) +S30(Ps2 + Pau2) + 2\/SzoS3oP2u2P3u2>
Ri2+ Rz <E[log(1+ S10(P12+ Piu1) + S20(Po1+ Paz + Pou1 + Pau2) + Szo(Ps2 + Pau2)

+21/510520P1U1Pou 1 4 24/S20530P2u 2Pau 2)}
Ri2+ Rs1 <E[log(1+ s10(Pi2+ P13+ Piu1 + Pius) + S20(P21+ Pau1) + Sso(Ps1+ Paus)

+21/810%20P1u1P2u1 + 24/S10830P1u3Pau 3)
Roz+ Rs1 <E[log(1+ S10(P13+ Piu3) + S20(Pez+ Pau2) + Ss0(P31+ Pa2 + Pau2 + Pau3s)

+21/510830P103P3u3 + 21/$20830P2u2P3u 2)
Ri2+ Ro3+ Rs1 <E[log(1+ s10(Pi2+ P13+ Pw1+ Pus) + S20(P21+ Pag+ Pay1 + Pau2) + S30(Ps1+ Pa2 + Pay2 + Pays)

+21/510520P1u1Pou1 + 21/$10830P1u3Pau 3 + 24/ S20830P2u2P3u 2)]

Ri+R+Rs <E ['09 (1 +510P1 + S20P> + S30P3 + 21/S10520P1u1Pau

+21/510530P1U3P3u3 4 2+/520830P2u2P3u 2 + 2(1/S10520P1u Pau + v/S10530P1u Pau + v/$20830P2u Pau ))}
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Achievable Rates for Three User Cooperation - Channel Ordang | I

—©— 3 user policy 1, coefficient set 3
O - 3 user policy 1, coefficient set 4
—+— 3 user policy 2, coefficient set 3
-+ 3 user policy 2, coefficient set 4
—A— 2 user coop, coefficient set 3
- 2 user coop, coefficient set 4

1 1.2
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Achievable Rates for Three User Cooperation - Channel Ordang Il I

—©— 3 user policy 1, coefficient set 1
O+ 3 user policy 1, coefficient set 2
—+— 3 user policy 2, coefficient set 1
-+ 3 user policy 2, coefficient set 2
—A— 2 user coop, coefficient set 1
A 2 user coop, coefficient set 2

1.2
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Achievable Rates for Three User Cooperation (SEI

a7



Summary and Conclusionj

Proposed a new block Markov superposition type encodinigyfir the three user MAC
— Non-trivial generalization of the two user policy

— Channel adaptive
Obtained the achievable rate regions

Significant improvement with respect to two user coopematio

— Multi-user cooperation quite promising as a means of imipigdiversity.

Adapting the encoding, decoding and transmit strategigstachannel in cooperative
networks is a key approach for improving achievable rates.
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