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Why femtocells?

» Consumer: improved (indoor) coverage, bundling of services: fixed mobile
convergence (FMC).

> Operators: reduced investments and costs for network operation, smaller cells
= improved coverage and capacity, win customer loyalty.

> Femtocells are integral part of 3GPP standards UMTS/LTE and
LTE-Advanced.

Change of paradigm: cell-planning versus self-contained deployment.
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Idea was first presented in a paper by Mitola in 1999.

One out of many definitions:

» Cogpnitive radio is a paradigm for wireless communication in which either a
network or a wireless node changes its transmission or reception
parameters to communicate efficiently avoiding interference with licensed or
unlicensed users.

» This alteration of parameters is based on the active monitoring of several
factors in the external and internal radio environment, such as radio
frequency spectrum, user behavior and network state.
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Cognitive Radio Network

Maximum Interference Constraints
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Semi-definite relaxation

Cumanan et al.,’08
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Duality: The optimal uplink and downlink beamformers are identical;
however their individual powers are generally different!
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Lagrange dual of downlink problem

max Z ’Ykaqu Z qK+1

primal problem
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p
Lemma: The virtual uplink problem and the Lagrange dual of the downlink
problem have identical solution i.e. the duality gap is zero.

The problem can be solved using convex optimization. From this the optimality of
the semi-definite relaxation approach by Cumanan’08 immediately follows.
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SU uplink power update: qx(t+1) = ‘%qu(t); k=1,..,K
Step 2 PU downlink power update: Find pxi/(t+1) for I=1,...,L
PU uplink power update:

pr+i(t + 1)ari(t), if min{p, ..., px} =0
t+1)=
gr+i(t +1) { qri(t+1), otherwise.
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Step 2 PU downlink power update: Find pxi/(t+1) for I=1,...,L
PU uplink power update:

pr+i(t + 1)ari(t), if min{p, ..., px} =0
t+1)=
gr+i(t +1) { qri(t+1), otherwise.

At convergence SU and PU downlink power computation.
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Benefits of iterative approach
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Complexity For N; Tx antennas and K SU the complexity order of the new
iterative algorithm grows as O{KN?} per iteration with the problem size.
The complexity of the semi-definite program base algorithm [Cumanam et al.
'08] grows as O{(KN;)3} per iteration with the problem size and requires
approx. O{(KN;)%%} iterations until convergence.
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iterative algorithm grows as O{KN?} per iteration with the problem size.
The complexity of the semi-definite program base algorithm [Cumanam et al.
'08] grows as O{(KN;)3} per iteration with the problem size and requires
approx. O{(KN,)®%} iterations until convergence.

Implementation The iterative algorithm enjoys simple implementation and
does not require the use of interior point software as for the SDP approach.

Adaptivity The iterative approach can easily be modified to work in adaptive
scenarios. This is not straight forward in the case for the SDP approach.
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» K=5SU, L =5PU, N; =9 Tx at the SU basestation.
> PU interference temperature: —6dB.

» SU SINR targets 71 = 4.51dB, v, = 4.45dB, 3 = 8.08dB, 4 = 5.37dB,
~vs = 4.45dB.

> Noise variance of —10dB.
> Rayleigh fading channel gains.

» Relative SU DL powers distribution at optimum: p; = 0.15, p, = 0.12,
pP3 = 0.29, P4 = 0.27, Ps = 0.16.

> Optimal virtual PU DL powers: pxi1 = pk+2 = PK+3 = PKk+4 = Pk+5 = 1.
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Convergence of iterative algorithm to optimal solution
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» K=5SU, L =5PU, N; =9 Tx at the SU basestation.
PU interference temperature: —6dB.
random SU SINR targets 74 € [0, 10]dB.

» Noise variance of —10dB.

v

v

v

Rayleigh fading channel gains.
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» Cognitive interference control in DL transmit beamforming.
» Established uplink-downlink duality.

> Showed the equivalence with the Lagrange dual problem.

» Proposed a computational efficient iterative algorithm.

» Simulation results showed the convergence of the algorithm to the optimal
solution.

» Future work: Robustness to channel mismatch, address the admission
problem.
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