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System model

o Multi-cell multiuser MISO

* Downlink

« Multi-antenna base stations (BS) and single-antenna users
(UT) — > Own signal

« Mutually interfering adjacent cells S (&

« Coordinated beamforming
* |nterference coordination
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« Assumptions:

* BSs require local CSI (towards all the
users) - TDD DL-UL reciprocity

» |deal backhaul between the BSs
(scalars exchanged)
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Scope

Beam coordination to cope with inter-cell
Interference

Provide energy-efficient beamforming strategy
with decentralized optimization

— Only local CSI needed
— Scalar backhaul information exchange
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Problem formulation

* Recelived signal of terminal k of cell b at

channel data

Y = hbk,kaSk+E | hy, 1W;s;

—
TX beamformers inter-cell interference
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Problem formulation

 In the literature, different energy-efficient metrics proposed:

* Network energy efficiency:
Rate of BS b 100

k
ZbEB fb (W) "Yellow’ BS allocated 80 -
ax with zero power

Wk prex ZbEB gb(wb)“Total power of BS b
 Weighted sum energy efficiency:
fo(W)
max
{Witrkex ZbGB b(Wb) 60U
* palanced EEs and rates

* Adjustable EE’s for different BS types
(HETNET)

. tractable for decentralization
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Problem formulation

« Weighted sum energy efficiency maximization

D D L.

{Wktrex gp(Wp)
. T. Pr(w) > Tr, k€K SINR constraints
Z |wi||3 < Py, Vb € B| TX power contraints
keKy

fb(W) = Zkg@b Rk(W) Sum rate of BS b

gp(Wp) = %Zkeicb w3 + ];’o Total power of BS b
/7
PA efficiency Total circuit power of BS b (depends

e.g. on number of UTs/antennas
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Equivalent Transformation

max E Wy Lo .
{ty,ap Y oeB AWE VL BE b ek bER /JOlntly convex
functions

S. 1. gb(ﬁfb) < Vb %}/
by, 1 wi[*/BR. Tk € K

other convex constraints

")/k <

First-order lower approximations at point (ay™, ™)

aj 20" o™ 2 A (n)
t_f > te()i) Qp — (tl(i)n) )7ty = o (aw, ty)
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Sequential Convex Approximation

« Solve problem iteratively until convergence

max Z wbtb
{tv, 2 oeB AWEL Ve Br Y ek bebB Updated after
S. t. gp(Wp) < Vb e B each iteration

o ST (o BNFER
1
hb\k/’%’vk 2 (Ik (wbk) + Zmegb Z,Im(hbk,kwk) =0
B> Tuwn) + 3 (T (W), Vh € K
k

other convex constraints \

ICI couples all the cells

(global CSI required)



ADMM-based Decentralized Solution

* Introduce Inter-cell interference variable Zzp

D= Z%}Cb hy, swi|?, Vb € B,j € K3

hy, Wk >C
/s > (T (W, ) + Zmesbk @ onvex
Bre > Ti(W,,) + Zmegb GmpVkeK

* Introduce ‘local copies’ for each 2 _;

2',,1?,,,,,.C ICI from BS m to user k optimized by BS b

2:,,”,,,;@ ICI from BS m to user k optimized by BS m
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ADMM-based Decentralized Solution

* Define local feasible set | .| gptimization variables

S = (G s
>y, AT < o \

ke
Im(hbk,kwk) =0,Vk € Kp

Zke,cb log(1 + &) > aj
go(Ws) < ™ (auy, t) > Local convex

e <P (Wi, Br), Vk € Ky constraints
Dk T S (T(F) + Y ey, 2k )2,k € Ky

VTk
~b
Br > L (Wp) + Zmeéb( m,k) Vk € Ky
~b \2 2 . >
(2,23, o Thogwil’, v € Ko } (15) }
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ADMM-based Decentralized Solution

« Equivalent Transformation

max E Wyl
beB

s.t. (Wb, Yy, an, tv, 3, Zp) € Sp, Vb € B Local constraints

7z, — Zp, Vb € B Global constraints (ensures that local
copies equal to global variables)

. general global consensus problem - can be
solved using well-known ADMM

Each base station needs to share local interference
variables to other BSs (2x, real scalars)
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Simulation modeling

- 3BSs
* 9 users at the center area of the BSs (3 per cell)

]
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Numerical results

« Algorithm 1:
| 1. Perform SCA step
comvergence )\ 2. Use ADMM unti
convergence

—t— Centralized solution
—o— Algorithm 1 B
—=— Algorithm 1, simplified

« Algorithm 1, simplified:
< 1. Perform SCA step

10

Energy efficiency [Mbits/J]

Until
convergence

5 10 15 20 25
Iteration index

2. Perform ADMM step

B =3 W = 20 MHz, Prrx = 18 Watts, Pss = 1 Watt
Psyn = 2Watts,p = 0.04,fk — I = OdB,Pb = 46 dBm

n = 039, WNy = -96dBm,N = 9,K;, = K = 3
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Conclusions

« Coordinated beamforming for energy-efficient
transmission
— Decentralized solution

— Optimization based on local CSI and scalar backhaul
Information exchange
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