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Svstem Architecture

Motivation

* High demand for 5G cellular networks — Dense small-
cell deployments — Wireless backhauling via mm\Wave
and hybrid beamforming for these small cells

 Model mmWave backhaul links by dedicated macro-cell
antennas as pseudo-wires with limited interference

Cluster Head

Hybrid
Architecture

* New algorithms for wireless backhauling required
v To optimally select cluster heads among the small cells
v To optimally select the link capacity of the backhaul links
between the macro cell and the cluster cells
» how many antennas of the macro cell to dedicate at
each backhaul link
v" To maximize the achieved system throughput

((])) Cluster heads (also small cells) (]) Small cells

Backhaul link between a Backhaul link between a

cluster head and a macro cell cluster head and a small cell

Consider the saturation throughput regime
Assume each link between a cluster head and the macro
cell has the same capacity for load balancing

(2% — 1)NoWde

Use hybrid beamforming: N;(C,d;) =

m

Decision variable specifying which small cell i is a cluster head

Vi Decision variable specifying to which cluster head i a small cell
J is connected

S The set of small cells

d; Distance between macro cell and cluster head i ¢ x; } MaXImlze the total throughput

P, Transmission power of macro cell subject {0 Yii < Tp-a; 4, Vi,] €S Coverage

w Bandwidth of a frequency slot Z yii=1 V€S constraints

N, Noise power spectral density vies 7 ’

a Path loss exponent Z  Ni(C,dy) - 3 < Nagax, } Antenng

C Backhaul capacity for every cluster head vies constraint

N;(C,d;) Number of antennas for backhauling of cluster head i Li = {O’ 1}’ Vies r---T-r-aaggﬁ:---}

Nyax  Maximum number of available antennas in macro cell Yi,j = {07 1}7 Vi,j €S |
A:a;; Adjacency matrix and its elements (' e R+ !._E_(_:ZZLES_XL .!

Near-Optimal SmaII Scale Slmulatlons
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1 Randomly pickingup a ¢ :Input x;, N;,Vie S, C, and Npyjax.

|
{ . ! | Output: x,,,,Vz cS.
! set of Xi) Vi E 5 €.g., 1. Initialize z;,Vi € S =2/, Vi € S

i|(1 ,1) _0&0*—O| 2. Sort Vi € Sand z; =0 by R; =
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in ascending order with new index 7
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for Vi € S do
if NMAX —Ng > 0 then
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—— % of Cluster Heads (N

MAX

Check Improvement

11f0 > 0%, 0* = 0, and :4’“.,:
': continue the algorithm 110
1 Else, stop the algorithm
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Set-Cover Problem

I S i Input: N..Vic S.
olve the following eaq. |-I-vl put: N,
d €9 ] Output: z;,Vi € S.

(C, d; ' 1 1. Initialize z;,V: € S = {0, ...
l ZVZES&x’_l = A 2. Calculate |S;|,Vi € S. {
3. while |[S|! =0 do
4 i = arg maxv,;cs K; = ISZI
5. xT; = 1
6. S+ S—i
7
8

Large Scale Slmulatlons
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Update |S;|,Vi € S.
. end while

Time Complexity:
0(c|S|*log|S| + |S|log|S])
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