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Motivationn

Beamfoomimg) d echoique ue

Fundamental Benefits of Multiple Antennas [Sesia, 2011]

diversity gain spatial multiplexing gain array gain

<! Cﬁl

Beamforming vs. other MIMO techniques

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

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

A Multiple antennas are only required at the BS side
(A simple end -user devices)
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Coondinadéd BEamforimimging
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A Coordination can improves beamforming by reducing #Afl ash |
(reduced | -level in general, occasionally increased | within main lobe)
A Coordination schemes can yield gain by
I Increasing precision of SINR estimations A more efficient link adaptation
i Mitigating inter -cell interference

A Targeting for Increased Cell Spectral Efficiency (CSE) and Cell Edge User
Spectral Efficiency (CE -USE)
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Beam Coopdohatikdnon

Symnchronised €Cyclescaf CloQrumatedhBeamsams

Types Qf Cells

A Beam coordinated scheduling NP -Hard Problem  [van Rensburg, 2009]
number of beam combinations with 8 beams per sector
twotiers:8 214 9. 28 priedtier8 “a 2*610
A Split into smaller problems
I 1) How reduce complexity
I 2) How find beneficial beam combinations

Coordination Matrix
To 1) (defines applied beam in
A Reduce complexity by introducing cell types resource for each cell type)
A Cell types instead of single cells are coordinated
Cells of same type synchronously apply same beam
A cell cycles through a set of beams with predefined order

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

A

PMI11
PMI 12
PMI 1N

To o I

Cell Type
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Resource Part
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SeekingiBéneficial BeaanGombimatioasions

SINR Map with  Measurment Points
at Cell Edge

A Goal: 200 R

1) beams applied at same time in neighbour o/%
cells minimally interfere each other = o
2) all users are served ™ 1008
-200 . .
. . o ascociated o serving
A Set measurement points at cell edge 0 M s |2 [0 roworagonm
. . g & - ---- Data transfer
A Measure interference for each beam of all xmp ] e | | 5|2 et aee
. ! Store PMis z e ~ Cellindex:
neighbour cells, for each cell type v N R
. . . . ce |S|§;r}/ingF:’MI:' Yes 3 2 _‘P{ricgvéml nl\:lﬁnxln ex (PMI):
A Weight all beam combination (defined by three g @ P s
EM_I vqlues) by appropriate cost f_unction e o Gocrdnaion matix ndex
indicating amount of mutual interference — > Agoregate nterference
(e.g., mean interference, min. rank of beams) °e'.'lé?§rf§w / srel T °“'f“"‘e‘y”e
. . . - cellType & PMI
A Weight all coordination matrix (set of beam neterece fgmm] /| Read| Rank imertering puis (S0 |
. . per serving PMI v
combinations) Rark
(e.g. mean, deviation, min max interference) o ves cellType:2 ek
I: -54,3dbm PMI27"-..
T cellType:1

A Search for optimal CM is speed up by only No

U 64,7dbm
considering beam combination weighted above weightbeam | rea
Beam permutation k (BPy): St;Jre b ps;’:tu::::f’cr:iso N
threShOId PMI_celltypel, 4
PMI_celltype2, I Coordination Matrix m:
PMI_celltype3, Weight coordination BPuy: PMIyy, PMIz, PMIsy \Winy
weight /] Re ??g matrices & find optimum| . BPma2: PMI1z, PMIzz, PMlzz Wiz
e.g. minmax, max :
N3 mean.. BPow: PMly, PMay, PMisy W
weight = f (Wi, Win)
END

NIz (>10 ° for N =8)
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SystemMdadele!

A System Model comprises
i 3GPP standard Rel.9/LTE

(link adaptation, overhead, interference management (X2 -Interface Rel.10) )
Net spectral efficiency of LTET MCS Overhead in the downlink resource grid
and Shannon bound One radio frame = 10 ms N
6 \ 3 3 3 ‘ S One subframe = 1 ms
== Shannon R =
MCS 1-13 ;"MCS 13
o N St S S
I ,' : o
I =
o e S S Y C21 N S :
E ;,' | % | || l ! l l l l l l ‘B\ Multiple layers |
T L
E | ; ; ,'l < One Resource Element (RE)
E 2 ,,,,,,,,,,,,,, ,o ,,,,,,,,,, [ F I B B of 1 subcarrier (15kHz) x 1 symbol (71 €s)
‘E"_ : : // [ : : Foaveney | < ol One Physical Resource Block (PRB)
(20 | A ,,,,,,,,,,,,,, ’,,f,f,,,f ,,,,, T — T 1 =11 e | of 12 subcarriers x 7 symbols
ME:—S—]" et / } l J J Layer ‘l‘ - = Y1 Reference Signal of different antenna
05— =3 o 5 16 15 20 [oope
SINR [dB] | 5

Control Region (length = 3 symbols)
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SystemMdadele!

A System Model comprises

I 3GPP standard Rel.9/LTE
(link adaptation, overhead, interference management (X2 -Interface Rel.10) )

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

i Beamforming Model [Godara, 1997 ]
(narrowband signal, correlated antenna elements, narrow angular spread)
i Approach of permutations [Bueltmann , 2010] extended by beamforming and

coordination
(closed analytical calculation of SINR and user throughput distributions at the transition to an

Antenna'@g'fﬁ number of OIroIOS')Hexagonal Cell Layout, Sector - and example beam patterns
Azimuth Sector Pattern [ITU -R M.2135] (precoding codebook [3GPP TS36.211], )
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