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1. Background
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Fig. 1. Illustration of the cell free massive MIMO downlink systems.
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1. Background

Precoding 5 AP selection
» Conjugate beamforming = high interference » Reduce extra energy consumption
» Zero forcing = complex matrix inversion » Suitable for the practical implementation
\_~ Normalized conjugate beamforming » Avoid substantial pilot contamination %
Cluster 1

Cluster 3
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2. System Model
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Downlink energy efficiency (EE)

B, () = BSelme}) - BY, Ser({mmd)
W) = = P .
‘ | Frot = palNo Z /VL_ (Z nmk)+Pfix+BSe({nmk}) Z Pbt,m':

i m=1 """ \k=1 m=1 E

bandwidth

»Each AP with multiple antennas
»Presence of pilot contamination

»Channel estimation errors
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2. System Model
Optimal power allocation coefficients {1, }

EE optimization problem
max  Ee({nmk}): non-convex function containing complex logarithmic sums.
s.t. Ser({mmk}) > Sok, Yk, ensure the reliable communication for all users.
K Non-convex
PaY> Mk < pa,¥m, short-term power constraints for APs. optimization
k=1
Nmk > 0,Vm, k. guarantee non-negative power.
How to transform it
into a tractable form?
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@» | E E E 3. Power Allocation Scheme for NCB Precoding-based EE Optimization Problem

non-convex optimization problem s=) sequential convex approximation (SCA)

(1) Partial approximation of the objective function

2
pal% (02 v )

SIN R ({nmx}) = K M M K
L+ pa D 1 Dt Mk Bk + (N = 1 =T3)0d 22—y Tk @mk + Pd D s 2p, Ve |08 P 2

user interference caused by the pilot contamination
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@» | E E E 3. Power Allocation Scheme for NCB Precoding-based EE Optimization Problem

(2) Transforming optimization variables and functions

Power allocation coefficients {1,,} === Denote {c,.x} = {\/Tmx}: Promote the quadratic convex transformation

Original problem - Optimization problem after introducing auxiliary variable {t,}
i K . L .
max BSe{nmr}) . max B =1tk ’ Simpler objective function
K pdNo fo;l I%m (ZkK_l ﬁmk) + Pfia c,t In 2
i ot 111(1—+—SINR]¢) S 4 Vk
s.t. Sek({nmk}) > Soka\vq{:a i o Py = TRy TR
K i Sek({cmk}) > Sok;Vk:
Pd Z Nmk < Pd, VM, i K
k=1 i c%n,k < 1avma .
: — convex constraint
o > 0.V, V. i — } onvex constraints
5 cmk = 0,Vm, Vk.
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OIEEE 3. Power Allocation Scheme for NCB Precoding-based EE Optimization Problem

(3) Approximate non-convex constraint

SINRr({cmr}) = 1 K 2 N Fz(ak Cf() 2 2 (¢T 2 '
11’1(]. + SINRk) ok g T D pr—1 1Brew |3 + (N =1 = T%)||ak - el3 + Zk’;&k ((N = 1) [[&er - car |3 + T (Ekk’ck’) ) Crk’
= Uk, ’ M K
Fabs Pays = paNo > L (Z Crznk) + Priz € R,
m=1""" \g=1
In(1+SINRK) _ oy by B : o
> Step 1 Pas =0 R TR (T er)? + Separate fractions containing
o IIﬂkck;U% fr gN 1o Ijvi”ak -cll3] logarithmic and quadratic term
In(1 + 1) oo A0) + The right-hand-side (RHS) is still a

b
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non-convex function

> Step 2 _ _
P + The quadratic term become the first-order term.
— >2— — —t, Ve>0,2>0,t>0,t>0 . . . . . . .
t i + Transform denominator term with quadratic optimization variables.
> Step 3 (alep)? > 2(alc)(aler) — (ale)? vr, T More computationally
22> 9%x— 42, Vr>0.2>02> 4 e > T m, V. efficient formulation.
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@» | E E E 3. Power Allocation Scheme for NCB Precoding-based EE Optimization Problem

(4) Sequential convex approximation

(5) Convergence analysis

Convex constraints after approximate transformation i Rt el ST (62

g(x)
s+ Explicit local convex Implicit function Solution of the explicit If {C;”;le}: {C:nk} “=” in convex inequa”ties

approximation to minimize approximated problem

Function value
Gradient

(n+1)-th iteration optimal solution: {c;, .}

.....
. -
- -,

e .ﬂ .............. .- : - - -
Minimum of the Sucoessive quadatic feasible to original problem
approximation " X approximations l

> lterative solve a series of accessible SOCP problems.
» The initial feasible solution is easy to obtain.
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4. Further Improved By AP Selection

¢IEEE

Motivation
» Shortage of pilot resources

> Additional backhaul overhead

> More severe interference between

users with similar channels

Algorithm 1 The Proposed Power Allocation Scheme For

set the number of clusters as L = [H
u

clustering based on the similarity of {8}
whether the clustering result is stable

ensure the cluster use orthogonal pilots

services for clusters with the best channel quality

EE Optimization With NCB

Iﬂpllt: Soku Pd, N7 {QMk}a {ﬁmk:}, Ny

Output: power allocation coefficients {7,,,} = {c2 .}
Step 1: perform AP selection, go to Step 2; without AP
selection, go to Step 4

Step 2: perform AP selection scheme based on the K-
_means++ to obtain the connectivity matrix X
'Step 3: if X,,x = 1, let Q. = Qs else Qe = :
10, Vm,Vk. Replace {a,,.} with {@,.} as Step 4 input, |

Cluster 1

Step 4: obtain an initial feasible solution c” by solving (25),
setn =1

Step 5: perform the n-th iteration: solving problem (24) by
using SOCP solver, obtain optimal solution c*

Step 6: when n = Np, terminate the algorithm; else go to
Step 7

Step 7: update ¢ =c*,n =n+ 1, go to Step 5

Pilot contamination:

Cluster 3

+ Same cluster: [P y,/|

4+ Different clusters:
[Wipr| =0

NNk’ = 0 = V' =

Eliminate the interference caused
by pilot contamination
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O |EEE 5 Simulation Results

8r “r "y
— © = CB,Full power{2]
- 8 = CB,Bisection[2]
12 e CB,power minimizatior [12] 10F
7 RN — # — CB,max sum SE[13]

3 — Y = CB,max EE[4]
R -~ NCB,Full power 3]
====fF-== NCB,Bisectior [8]

. X N\ |70 NCB,power minimization [12]

/ ====#=-== NCB,max sum SE [8]

-~ x NCB,max EE without AP selection
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Fig. 4. TIllustration of the downlink energy efficiency versus the coherence

i i i i i Fig. 3. Illustration of downlink energy efficiency versus the number of APs,
Fig. 2. Tllustration of the energy efficiency versus the number of iterations g gy y interval (M = 100, N =1,K =40,D = 1).

(M =100,N =1,K =20,7, =5,D =1). comparison of proposed scheme with other power allocation schemes (/N =
2,K =16,7, =16,D = 1).

Further improved by AP selection:

Sig_n_ificant Improvement in energy > Reduce the backhaul power consumption
efficiency compared to other power  » Eliminate the interference caused by pilot
allocation schemes. contamination.

Converges with only a few iterations.
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