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Motivation  
Beamforming Technique  

Beamforming  vs. other MIMO techniques  

Å Beneficial in sparse multipath scenarios  
with increased cell size and high LOS probability  

Å Extends cell coverage and increases system capacity  
by one technique ( Ą simple transceivers)  

Å Multiple antennas are only required at the BS side  
(Ą simple end -user devices)  

Fundamental Benefits of Multiple Antennas [ Sesia , 2011]  
 

diversity gain     spatial multiplexing gain      array gain  
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Motivation  
Coordinated Beamforming  

Å Coordination can improves beamforming  by reducing ñflash lightò effect 
(reduced I - level in general, occasionally increased I within main lobe)  

Å Coordination schemes can yield gain by  

ï Increasing precision of SINR estimations Ą more efficient link adaptation  

ï Mitigating inter -cell interference  

Å Targeting for Increased Cell Spectral Efficiency (CSE) and Cell Edge User 
Spectral Efficiency (CE -USE) 

 

SINR CDF -  UMa 
Sector -  versus Beamforming  System  
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Beam Coordination ï  
Synchronised Cycles of Coordinated Beams  

Types  of  Cells  

Coordination  Matrix  

(defines  applied  beam in  
resource  for  each  cell  type)  

 

To 1)  

Å Reduce complexity by introducing cell types  
ĄCell types instead of single cells are coordinated  

Å Cells of same type synchronously apply same beam  

Å A cell cycles through a set of beams with predefined order  

Å Coordination matrix defines applied beam in  
time - frequency resource blocks for each cell type  

 

 

Å Beam coordinated scheduling NP -Hard Problem [van Rensburg, 2009]  

number of beam combinations with 8 beams per sector  
two tiers: 8 21  å 9.2*1018 , one tier 8 7 å 2*106 

Å Split into smaller problems  

ï 1) How reduce complexity  

ï 2) How find beneficial beam combinations  
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Beam Coordination ï  
Seeking Beneficial Beam Combinations  

x  x  

x  

x  

x  

x  

x  

x  

x  

x  

x  

SINR Map with Measurment  Points  
at Cell Edge  

Å Goal:  

1) beams applied at same time in neighbour  
 cells minimally interfere each other  

2) all users are served  
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  Indices:
Cell index:

i  ̒{1, 2,é, ncell} 

Precoding Matrix Index (PMI):
j  ̒{1, 2,é, nPMI} 

PMI permuation index:
k  ̒{1, 2,é, nPMI

3
}

Coordination matrix index:
m  ̒{1, 2,é, nPMI!·nPMI!}

Store
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(BPk):

Coordination Matrix m:

BPm1: PMI11, PMI21, PMI31 ,wm1

BPm2: PMI12, PMI22, PMI32 ,wm2

BPmN: PMI1N, PMI2N, PMI3N ,wmN

weightm = f (wm1,é,wmn)

N3 

N!² (>10 9 for N = 8)  

 

Å Set measurement points at cell edge  

Å Measure interference for each beam of all 
neighbour cells, for each cell type  

Å Weight all beam combination (defined by three 
PMI values) by appropriate cost function 
indicating amount of mutual interference  
(e.g., mean interference, min. rank of beams)  

Å Weight all coordination matrix (set of beam 
combinations)  
(e.g. mean, deviation, min max interference)  

Å Search for optimal CM is speed up by only 
considering beam combination weighted above 
threshold  
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System Model  

Å System Model comprises  
ï 3GPP standard Rel.9 / LTE  

(link adaptation, overhead, interference management (X2 - Interface Rel.10) )  

 

One subframe = 1 ms

One Resource Element (RE)

of 1 subcarrier (15kHz) x 1 symbol (71 ɛs)

One Physical Resource Block (PRB) 

of 12 subcarriers x 7 symbols
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One radio frame = 10 ms
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Time

Layer Reference Signal of different antenna 

ports 

Control Region (length = 3 symbols)

Net spectral  efficiency  of  LTE ï MCS 
and  Shannon bound  

Overhead in the downlink resource grid  
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System Model  

Å System Model comprises  
ï 3GPP standard Rel.9 / LTE  

(link adaptation, overhead, interference management (X2 - Interface Rel.10) )  

ï ITU -R Guidelines, IMT -Advanced  
(scenarios, channel -  and antenna models)  

ï Beamforming  Model [ Godara , 1997 ]  

(narrowband signal, correlated antenna elements, narrow angular spread)  

ï Approach of permutations [ Bueltmann , 2010] extended by beamforming  and 
coordination  
(closed analytical calculation of SINR and user throughput distributions at the transition to an 
infinite number of drops)  
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