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Future Cellular Access Networks

* Next generation (4G LTE Advanced and 5G)

- High-speed connections: 10Gbhit/s per cell and beyond
- Green transmission: good power efficiency
- Small-size cells: high density

e Coordinated Multi-Point (CoMP) trans./reception
- Cooperated base stations (BSs)
- Backbone connections, e.g. optic cables
- Joint processing: coding and decoding
- Distributed beam-forming: received
signal-to-noise ratio (SNR) boost at
user-equipment (UE)
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Distributed Beam-forming, Downlink

Zﬂﬁ T~ - Information exchanged via
Core Network BS1 R backbone links: sending one
common message by BSs

Zﬂi ______ > m simultaneously
BS2 -y : :
- - Synchronized BSs: coherent

- signal combining at user terminal
BS3 to achieve beam-forming gain

Fig. : Backbone links among adjacent BSs

Research Questions:
1. How to cooperate among BSs (Best strategy)?

2. How much information needs to be exchanged to
achieve certain beam-forming gain?
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Example: Two BSs, Gaussian Case

BS1 w Z\ s Y UE - Sendingqmesgagverom BSl to
A UE; BS2 is helping (cooperating)

Gaussian noise and Gaussian
trans. signals

- Total trans. power P:
E[X?]+E[X2] <P

Backbone X, N ~ N (0,)

BS2

Fig. : Two BSs cooperation in real-valued Gaussian channel
* No cooperation (BS2 is not used):
— Capacity: C = %log(l + P); backbone capacity!: C; = 0
« Total cooperation (BS2 knows entire W):
- Pis equally split: E[X?] = g and E[XZ] = g; X1=X,=X
-Y=X,+X,+N=2X+N

— Beam-forming capacity: Cyz = %log(l + 2P); backbone capacity: C; = Cp
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Our Approach

- Information-theoretic investigation:
= pbeam-forming capacity Cz V.S. limited total backbone capacity C;
- Two-user and three-user cases (2 and 3 cooperative BSS)
- Discrete channel - Gaussian channel
- Limited total transmit power P at BSs
- Freely distribute limited C; among backbone links
- Static, no fading, no path loss, single antenna

Technische Universiteit
e Eindhoven
University of Technology

SPS TU/e 10/30/2013 PAGE 4




Two-User (BSs) Case.

Multiple-Access Channel (MAC)

W

V[’rl 2

Encoder 1

Backbone

Encoder 2

multiple-
access
channel

Yﬂ

W

»Decoder——

Cooperating BSs send a single message W by n channel uses
Encoders (BSs): W € [1,2™F], uniformly generated, partly shared

by W;, € [1,2™F12] via the backbone: R, < Cy, (C;)

SPS TU/e

Memoryless MAC: (X, xX,,P(y]|X,X,),Y)
Decoder (UE): estimates I based on Y™; /™ == Pr(W = W)
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Two-User Gaussian Case: Capacity Result

At the i-th transmission
Yi = X1; + Xp + N;
where N;~N(0,1) is i.i.d., and

1 1 :
; ?zlxlziﬁpl and ; ?zlxgiSPZ W|thP=P1+P2

Theorem 1.
For the Gaussian MAC, the beam-forming capacity is

1 1
Cg(P,Cyy) = Orzlgzgl min {Elog(l + [P + P),Elog(l — [P +P) + C1z},
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Two-User Gaussian Case:

Numerical Result (C; vs. Cp)
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Three-User Case: Channel Model

-Encoder 1 > ~
Yy W
V[f]_? X%l multlple_ > DeCOder' >
Backbone |Encoder 2 » access
Wos channel
: X3
Encoder 3 >

- Encoders: W € [1,2™R], uniformly generated, partly shared by
W, € [1,2™12] and W, € [1,2™R23] via the backbone: R, < Cy;
and R,; < C,3. Constraint: Cy, + C,3 < C;.

- Memoryless MAC: (X, xX, xX,, P(Y| X, X,,%;),Y)

- Decoder: estimates W based on Y": Pe(") = Pr(_ll/lf/ = W) i
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Three-User Gaussian Case: Capacity Result

At the i-th transmission
Yi =Xq; + Xoi + X3 + N;
where N;~N(0,1) is i.i.d., and

1 1 1 .
;Z{le]?i SP]_, ;Z?zlxzzi sz, ;Z?zlxgi SP?, with P = P1 +P2 +P3

Theorem 2:
For the three-user Gaussian MAC, the beam-forming capacity is

1 )
Elog(l + (1P + 2(,P + 353P),

| 1
Cp(P, Cy2,Cr3) = max min { ~log(1+ B1P) + Cua, ’

1
\ Elog(l + 8P + 2B,P) + Cy3 )
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Three-User Gaussian Case:

Numerical Result (C; vs. Cp)

/’Mﬂ/ Starting point: Cp = %1og(1 +P)
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Total cooperation (mode 3):
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Cg = Elog(l + 3P)
C, = 2Cpy
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Water-Filling-Like Strategy

« Optimal distribution of available backbone capacity
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Conclusions and Future work

« Conclusions:

» |[nvestigated the distributed beam-forming gain in relation to
the limited backbone capacity

= Studied power constrained partially cooperating MAC with
two-user and three-user cases

= Achieved the optimal cooperation strategy among BSs,
distribution of total power and total backbone capacity:

water-filling-like method

 Future Work
= Consider the path loss
= Consider the multi-antenna case
TU/e om0
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Thanks for your attention
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