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Abstract—Network coordination techniques are very promising
for improving spectral efficiency over conventional cellular

networks limited by inter-cell interference. Thus, Coordinated

MultiPoint (CoMP) transmission and reception techngues are
under consideration for LTE-Advanced to meet 4G
requirements. In this work, a coordination techniqte for inter-

cell interference cancellation is evaluated over gacketized

multiuser adaptive OFDMA (Orthogonal Frequency-Division

Multiple Access) system. As a result of our network
coordination setup, a new question on which pair ofusers
should be served at each physical resource comes. up low

power user selection algorithm is proposed and euzted, and

its performance is compared to that of random useselection.
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. INTRODUCTION

Data access over mobile networks has caused
increasing demand for high data rate
communications, a trend which is expected to cometin
Nowadays, a typical user consumes 1 Gigabyte & dat
month, approximately 200% percent more than one gga
[1] [2] [3]. The current mobile networks and wirsse
technologies need to be improved in order to suppw
traffic demand.

To satisfy the high demand for wireless service§,
Generation Partnership Project (3GPP) has beeraping
a new mobile standard, referred to as Long Term ufom
(LTE). The first release of LTE (Release 8)

labeled as 3.9G as it does not meet the Interraitio
Mobile Telecommunications-Advanced (IMT-Advanced).

requirements for 4G. However, the evolved versibhkE
(Release 10), referred to as LTE-Advanced (LTEmMggets
or exceeds the requirements of the
Telecommunication Union (ITU) for the fourth gertésa
(4G) radio communication standard, known as

submitted LTE-A to the ITU Radiocommunication seectofall

(ITU-R) as a candidate for 4G IMT-Advanced [4].

In a cellular communication system such as 3GPP,LTE
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Advanced. In October 2009, the 3GPP Partners fdymal

throughput is limited by co-channel interferencéher
within a cell (intra-cell interference) or from nbg cells
(inter-cell interference).

Downlink intra-cell interference can be eliminatbg
orthogonal channel allocation. LTE radio transnassis
based on Orthogonal Frequency-Division Multiple dss
(OFDMA). Over frequency selective channels, OFDMA
divides the transmitted bit flow into many diffeten
substreams and sends these over many different
subchannels. Data from multiple users are beingsiréted
on parallel narrow-band subcarriers. The advaniagéat
each subcarrier is relatively narrowband, whichreases
the effect of delay spread.

Adaptive Quadrature Amplitude Modulation (AQAM) is
an adaptive digital modulation that provides thstem with
the ability to match the service rate to the chamuality
while meeting a target Bit Error Rate (BER) [2]. duive

M and OFDMA are combined by performing adaptive

odulation in each OFDM subcarrier. Although OFDMA
achieves improved spectral efficiency within on#, éeter-
cell interference is still preventing these teclogats from
coming close to the theoretical rates for multi-oetworks
[5].

Inter-cell interference mainly influences the dedtes of
those users at the cell-edge affecting the avespgetral
3efficiency of the cell. Using different transmissio
frequencies between neighboring cells, soft handmff
. beam-forming multiple antennas, inter-cell integfeze can
e reduced. Using more advanced techniques by eother
rl:oordinating transmissions of signals across béetoss,
interference could be completely eliminated. Rowughl
speaking, multiple base stations, geographicaliyritiuted,
transmit user's signal simultaneously. These sgjrale
%eighted and pre-processed so that inter-cell fietence is
cancelled [6] [7].

In the 3GPP standardization activities concernifigeL
Advanced [8], the coordinated base stations trassoms
into the term of Coordinated Multi-Point (ColIP
transmission and reception. CoMP refers to a wahge of
techniques with the common characteristic of dymami
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coordination of transmission and/or reception atltiple
geographically separated sites with the aim to eoba
system performance and end-user quality [1]. 3GRP h
proposed CoMP techniques as a performance enhanten
for LTE-A Release 12 and beyond, to meet 4G reqmards
[8] [9]. These techniques are the key to achieeerntbeded
requirements in terms of spectral efficiency and-edge
throughput.

In this paper, we present network coordination as
means to provide high spectral efficiency in celtidystems.

This study presents a basic scenario where two dtatens, Fig. 1. System model
connected via high speed backbone, coordinate their
transmissions and pre-process the signals for Hamre In a classical cell system, for BS1, BS2 is anrieting

inter-cell interference. Each user receives itadaim both base station, and in the same way, for BS2, BShnis
base stations improving the signal strength andh wid interfering base station. The received signals &1Mind
interference, thus reaching a higher spectralieffcy. The MS2,y, andy,, respectively, are given by
performance of coordinated networks is compareithab of

conventional networks without coordination and, as M1 [hr h2] %17, [
expected, it is shown that coordinated base station yz]_[h21 hzz] [xz] * [nz]
transmissions offers better spectral efficiencyeal

Our coordinated experimental setup is not powewhereh; is the channel between termirnahnd BSj, X is
efficient, so a new challenge comes up for selgdfie users transmitted signal by BS1 ank} is that by BS2.n; is
to be served at each physical resource in ordemimimize additive white Gaussian noise [10].
the system transmission power. A user selectioorikgn, A basic system model for a downlink network wih
based on simulation results, is proposed. This rilgn single antenna base stations &hdingle antenna mobiles is
specifies resources allocation to users in ordenitimize given by
system transmission power. The proposed algoritbm i
evaluated and their results are compared to thatrahdom y=Hx+n (2)
user selection algorithm.

The remainder of this paper is organized as followsvhereH = [hj]nx denotes the channel matrixh; denotes
Section Il briefly describes the fundamentals abrdinated the complex channel gain between mobiéad base station
networks, presenting the studied CoMP technique f@r X =[xy, X, ..., Xw]" denotes the complex antenna inputs
cancelling inter-cell interference. In Section Hihe system to the channeln = [n;, n,, ..., ny]" denotes additive white
model is described. In Section 1V, a user selecsilgorithm  noise and/ =[y, Vs, ..., W] are the inputs to the receiver.
is proposed for system transmission power reductlan In a coordination scenario, where Bllbase stations act
Section V, the coordinated scenario using inter-celogether, each mobile may receive useful signaisnfall
interference cancellation and the proposed usezctieh base stations. If a linear spatial precoding makrix C"V is
algorithm is then evaluated. Finally, some concigdi used to map the data symbols to the antenna outguts
remarks are given in Section VI.

1)

X =As )
II. CoMPTRANSMISSION
The basic system model is as shown in Fig. 1. Bay¢1ere s denotes the vector of data symbols given by
Stations (BSs) BS1 and BS2 will operate togethéraosmit S = [S1%--, S| then the antenna output at it base
signals to Mobile Stations (MSs) MS1 and MS2. Bbiéise Station is a linear combination of N data symbols,
stations will be geographically separated but cotetk via
high speed backbone link making coordination pdssib X =X, Ajs (4)
Both BSs and MSs are equipped with single antennas.
Knowledge of the Channel State Information (CSI) is Selecting a proper precoding matribdA allows
assumed to be perfectly available at the transrsittes it is interference cancellation. A simple form of coosation,

measured by the receivers and fed back to the BSs. called Channel Inversion (Cl) or Zero-Forcing (4E) [2]
[6] [9], uses a pseudo-inverse precoding matrixegilay

A=H"(HHN* (5)

Copyright (c) IARIA, 2014.  ISBN: 978-1-61208-347-6 148



ICWMC 2014 : The Tenth International Conference on Wireless and Mobile Communications

According to this, whenrN = M, (3) becomes simply channel. A Round Robin (RR) scheduling algorithas h

x = H™d [6] [9]. been used in order to allocate resources to ussand
The received signal according to (2), (3) and ¢5given Robin is a fixed no opportunist scheduling algarittvhich
by dispenses system resources equally among usevwifol a

cyclic order. Users are located in an imaginarg loetween
y=Hx+n=HH"(HH"?s+n=s+n (6) BS1 and BS2 and the distance to their respective BS
defined for each user and simulation.
Thus theith mobile receivesy; = 5 + n. All network Perfect channel state information (CSlI) is assuatete
antennas in range can help in the transmissionagh e transmitter. As a consequence, results obtaineé hee
message, but the message is received only by thedied upper bounds for those in a practical system.
user with no interference [6]. The setup is according to system model of Fig. w0 T
Notice that according to (6) the system modehexagonal cells with a base station located atémeer and
corresponds to an Additive White Gaussian Noise Y where each base is loaded with one mobile. Theradius
channel where inter-cell interference has beenadbat To considered is set Rcellmeters.
achieve this is not free: depending on the actbahnel the As channel model, frequency selective Rayleighrfgdi
precoder should compensate the channel’'s effeatsirgn channel parameters have been employed. We assuime pa
fluctuations on the system transmission power. &hesoss Hata model [2] in urban areas including logmair
fluctuations will require a large normalization fiaicin a real shadowing with a standard deviation ®fdB. Propagation
system, which will dramatically reduce the SigraNoise losses and shadowing have been included to chamateix

Ratio (SNR) at receivers. H = [hjlnav Being by independent normal random variables
with zero mean and unit variance modeling the ntined
[ll.  SYSTEM MODEL complex channel gain between mohiland base statioj

Orthogonal Frequency Division Multiplexing (OFDM i and g; being the propagation losses including shadowing
a modulation technique widely used to counteraetettiects Petween mobilé and base statiofy channel matrixH is
of Inter Symbol Interference (ISl) in frequency esgive 9IVEN by
channels [2]. OFDM divides the transmission band large

number of sub-bands narrow enough to be considésed H = githir gizhiz ©)
An Inverse Fast Fourier Transform (IFFT) efficigntl 921h21  G22h2;

performs the modulation process. Its reciprocatess, the ]

forward Fast Fourier Transform (FFT), is used toxer the In our two base stations OFDMA system model, eash B

data as a cyclic extension of the OFDM symbol elating will serve to the mobile in its own cell coveragieus a pair
the residual ISI. In this way, OFDM can be consideas a ©Of users is served in each resource unit, formedoiy

time-frequency squared pattern, where each bin lpan Subcarrier in one symbol time. Furthermore, in our
addressed independently. coordinated scenario according to (4) the precaodakes

Modulation of the OFDM subcarriers is analogouthit ~ SYStém transmission power variable. This bringapia new
of the conventional single carrier systems. Sumggbrt challenge: a user selection algorithm could be nef]
downlink data-modulation schemes are Binary Phéus-S which allows to choose the best pair of users albdl for
Keying (BPSK), Quadrature Phase-Shift Keying (QRSKy€source allocation, in terms of system transmisgower
16QAM, and 64QAM (as those in LTE). The number ité b reduction. .
allocated to each subcarrier can be modified oryrabsl When N = M and according to (3) and (5) complex
basis to simultaneously track the time variant desgpy @nténna inputs to the channel from BS1 and BSZyaen
response of the channel and fulfil the BER servicBY
requirements.

When OFDM is also used as multiplexing technighe, t [x1] _[911h11 912h12]_1 [51] ©)
term OFDM Access (OFDMA) is preferred. In this cgaae X2l lgz21ha1 Ga2ha Sz
block of bins is assigned to a single user in wtet be
considered a hybrid Time Division Multiple Access— [xl] __1 [ 9g22ha _912h12] [51] (10)
Frequency Division Multiple Access (TDMA-FDMA) Xol  det) |=gp1ho1  Gr11haa 11S
technique.

In this work, the physical resources to be assigtwed wherex; denotes the complex antenna inputs to the channel
users are formed by one subcarrier in one symbm,tthus a@nds is theith mobile’s complex data symbol.

OFDMA systems allow subsets of the subcarriers ¢o b According to (10), system transmission power forlBS
allocated dynamically among the different users tba and BS2 depends atet(H) given by
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det(H) = g11922h11h22-912921 12 hon (11) B5L .

Notice according (10) that, when an inverse preupdi
matrix is applied to the input symbols, the trarssiun
power for BS1 and BS2 is modified. Thus, precodiagses
system transmission power fluctuations. An ill-citiothed
channel matrix will cause enormous final transnoissi
power. This is the price that must be paid in otdeachieve —~ =R ‘ /
inter-cell interference be identically to zero mtaining el e
SNR level at the receivers.

\ guhn

Fig. 3. Maximum system transmission power scenario

IV. USER SELECTION ALGORITHM Given a fixed position for userl and variable goaitfor

In this section, a user selection algorithm forteys User2 as shownin Fig. 4
transmission power reduction is proposed.

In a real scenario, a power constraint should h@iegp

As we mention before, according to (10) and (1B th BS!
precoder causes fluctuations on system transmigsiarer

in order to maintain a fixed transmission powereiitha \

large normalization factor should be used that woul | | \
dramatically reduce the SNR at the receivers. Beoretical \ I i

in order to compensate the channel’s effects.
|
|
!
’ Toearl =
study is based on how channel inverse precodinyntgae - ~ A — = ~/

affects to system transmission power, so no powestcaint cell 1 Cceiz

will be applied. It will conduct us to get an urseaable Fig. 4. System transmission power dependence soenar
amount of transmission power but it will be essdni not

cover up transmission power results. In this whg, results It can be deduced according to (10) and (11) fhager 2

will be able to be analyzed in order to define aenefficient moves close to cell edgiei(H) value is probably reduced
transmission power user selection algorithm. Onke tand therefore transmission power is increased.r@tse, if
algorithm has been defined it could be applied inea user 2 moves close to its B8etH) value is probably
scenario where a power constraint has been used. increased and therefore transmission power is estuc

According to (11) it can be deduced that minimum \We can conclude that we need high valuesdtsH) in
system transmission power corresponds to a situa® order to have a lower system transmission power. To
showed in Fig. 2. In this scenario, is very probatiat achieve this, user 1 and user 2 should be the fanstway
defH), has a maximum value and, as a consequenceirsysigetween them as possible. So for a fixed positfaone user
transmission power according to (10) will be minimu its pair, to be served in the same resource blsiculd be
selected as far as possible.

Thus, taking into account the above and based stersy
transmission power results showed in Fig. 7, wease the
following criterion for user’s pair selection:

d, <Rcell — ¢ 12)
being d; and d, distances MS1 to BS1 and MS2 to BS2
~ . ~ . respectively. Rcell denotes cell radius as defined above.

cell 1 Cell 2 Selecting user pairs, to be served in the sameiresdlock,

Fig. 2. Minimum sytem transmission power scenario following (12) ensures a lower system transmisgomwer,

In th . i i L as we will show in the next section. The lowedisespect

n e same way, maximum system transmission POWH p e d, the lower will be system transmission power.
corresponds to a scenario as showed in Fig. 3.him t In the next section, the proposed algorithm is
situation, de{H) has probably a minimum value and '

. . . to a random user pair selection.
therefore according to (10) system transmissiongoowill
be maximum.
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V. SIMULATION RESULTS only the noise; here inter-cell interference haserbe

In this section, we compare the performance of tHeancelled, so the efficiency depends only on SNResaat
coordinated networks to that of conventional ceflul F€ceivers. Furthermore, it can be observed at RowiP, —
networks with inter-cell interference. After thate show Lemaxvalues the steeped form of the graph corresponiing
how the proposed algorithm for user pairs to beresbrat adaptive modulation transmission. In this cas@jgit Py/Py
each physical resource obtains better results imsteof meaxvglues, the efficiency is limited for the maximum
transmission power. First of all, we evaluate th&onstellation used (64QAM). N
performance of network coordination and we showt tha The simulation results show that coherent coordnat
coordination is successful in eliminating interkceltransmission improves the spectral efficiency byuiba
interference. Second. based on simulations reswvs. factor of 1.875, that is, an enhancement of 87 $%btained
compare user selection algorithm with random usd¥hen coordinated transmission is used.
selection. Then, we analyze the results and we $towthe
proposed algorithm minimizes the system transmissio " Channel Inversion Transmission vs Not Coordinated

P e s
. . . . : : : Not Coordinated
The basic experimental setup is based on Fig. @, tw 5 5 3 —

hexagonal cells with a base station located atémer and
where each base is loaded with one mobile. The 48Ul- g
(Modified Stanford University Interim) [12] channeiodel
parameters have been used. Two base stations asten
allow two simultaneously transmissions over 16 subers
(N; = 16). As previously described, path loss Hata ehdad
urban areas [2] including lognormal shadowing wih
standard deviation of 10 dB is assumed. Cell's usds
500m and noise power spectral density is -174dBnfild3k : : : : :
Main configuration parameters are summarized inléfab ol i i i i i
. PbdPn - Lpmax [dB]

TABLE |
SIMULATION CONDITIONS

sum-rate [bit/'s/Hz]

Fig. 5. System spectral efficiency when coordinat&annel Inversion
transmission technique is used vs. not coordin@agsmission

Parameter Value Fig. 6 shows bit error rate (BER) versus SNR for
Carrier frequency 5 GHz coordinated transmission when channel inversioequiag
System bandwidth 1.75 MHz is applied.

Sampling frequency 2 MHz HErivelBHE
Noise PSD -174 dBm/Hz 10° . ; : : : : . =
Channel model SUI-4 [12] { : : ——640AM ]
MSs Velocity 5 Km/h ==
Cell's Radius 500m

Fig. 5 shows system spectral efficiency in bit/sfde
coordinated transmission applying channel inversio
technique versus conventional not coordinated nétwe,
corresponds to base stations transmission powgrts the
noise power antl,,ax corresponds with the maximum losses : \
that an UE located at cell-edge would suffer. Satiah 0 Emms s
results are given for a fixed location for both M&id MS2. S S st s i '\\_ R
MS1 has been located th = 150m and MS2 td, = 250m, I R
being, as we mention abow#,andd, distances MS1 to BS1 10—t = = 5 0 5 20 %
and MS2 to BS2 respectively. SHR [d5]

For the uncoordinated scenario at I&®y /P, — Lomax Fig. 6. BER vs. SNR for coordinated transmission

values the noise is the determining factor, whilehigh ] ]
P /Pn — Lomaxvalues is the inter-cell interference. Thus, wéVeé can observe how inter-cell interference has been
can observe how at higPy /P, — Lymaxvalues the efficiency cancelled and BER values_are the typical of an AWGN
is limited by inter-cell interference. channel, as expected according to (6). o

For the coordinated scenario, the determining fato ~ Simulation results for system transmission power
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according to (10) vd; andd, are shown in Fig. 7. The base

stations transmission powers configured for both B&d

BS2 are fixed td’, = 40dBm. MS1 and MS2 locations have g,

been configured in steps of 50m (distance from BIB$) in
order to obtain the grid of possible locations.

d1 [m]
Fig. 7. System Transmission Power vsadd d

TABLE I
TRANSMISSIONPOWER

Proposed Algorithm Random Algorithm [dBm]

[dBm]
1 1752276 176.9869
2 175.2276 178.2176
3 175.2276 175.2295
4 175.2276 176.1282
5 175.2276 177.3151

Table Il shows that in all occasions we get betsults
applying the proposed algorithm in the worst casant
applying a random algorithm for selecting user sair
Approximately, an enhancement of 46.76% on average,
computed in linear with Watt, is obtained when ugairs
are selected following the algorithm instead ofd@mly.
Obviously, this enhancement is in the worst casejli be
higher if pairs of users are selected inside theezaf lower
system transmission power instead of on the limit.

VI. CONCLUSIONS

In this paper, we have shown that using coordinated
transmission in a cellular network improves spéctra
efficiency. In spite of its simplicity, base statio

Fig. 7 shows that lower system transmission power toordination technique of channel inversion achsetegoal
obtained when MS1 and MS2 are very close to thewf cancelling inter-cell interference. Howeverjstnot free
respective base stations. The worst or higher systeas precoder causes system transmission power dhimbs

transmission power values are obtained when bote M8
in the cell-edge. It is distinguished approximateiyp zones
separated by those valuds=d,. In order to have lower
system transmission power values, pairs of userst e
selected in the region arda< Rcell-d; as proposed
according to (12). Notice that system transmisgiomver
values are unreasonably high. As we commented dtidde
IV, this is because power normalization factor has been

due to the stringent requirement that the interfegeat the
receivers be identically to zero.

A user selection algorithm has been proposed for
resource allocation, where user pairs are seletethe
region areal, < Rcell—d;. The user pair criterion proposed
solely depends on the distance between mobileosttbut
it is shown that results with the proposed algonitiare
always better, in terms of system transmission ppthan

used in order to study how channel inverse pregpdirapplying an algorithm where user pairs are randomly

technique affects to system transmission power.

Applying the user selection algorithm proposed for

resource allocation in Section 1V, in the worstegabat is,
when the equality is fulfilled in (12), i.ed, = Rcell — dy,
ensures keeping in the limit of lower transmissmower

selected.

In future works, the user selection algorithm may b
improved. An algorithm also dependent on the users’
channel gains not only on their mutual distanceldcde
proposed.

values zone. A comparison has been done in thie cas

between the proposed user selection algorithm aaddgom
algorithm selecting user pairs randomly. The reshlave
been obtained for ten users at each cell. Fiveifgignt
different realizations using the same users groupserved
in the same cyclic order have been used. For wect®on
algorithm proposed the same user pairs from thesugeup
that fulfill the algorithm in the worst case, i.d,, = Rcell -
d;, have been used for each realization. From that padi
view of the random algorithm, user pairs have beslacted
randomly for each realization from users group.uResare
given in Table II.

Copyright (c) IARIA, 2014.  ISBN: 978-1-61208-347-6

ACKNOWLEDGMENT

This work has been partially supported by the $tan
Government and FEDER under project TEC2010-18451.

REFERENCES

[1] E. Dahlman, S. Parkvall, and J. Skold, 4G LTE/LT&vAnced for
Mobile Broadband, Elservier 2011.

[2] A. J. Goldsmith, Wireless Communicatigridew York: Cambridge
University Press, 2005.

[3] N. Seifi, Base Station Coordination in Multicell MO Networks
Chalmers University of Technology, 2012.

[4] 3GPP press release3GPP Partners propose IMT-Advanced rddio

Geneva, October 8, 2009.

152



ICWMC 2014 : The Tenth International Conference on Wireless and Mobile Communications

[5] R. Irmer et al., “Coordinated Multipoint: Conceplerformance, and
Field Trial Results,” IEEE Communications Magazikeb. 2011, pp.
102-111.

[6] M. Karakayali, G. Foschinii and R. Valenzuela, “Metk
coordination for spectrally efficient communicatsorin cellular
systems,”|EEE Wireless Communicationsol. 13, no. 4, August
2006, pp. 56-61..

[7] F. Boccardi and H. Huang, “Limited Downlink Netwog@loordination
in Cellular Networks,”IEEE International Symposium on Personal,
Indoor and Mobile Radio Communications (PIMRC’'0%gpt. 2007,
pp. 1-5.

[8] TR 36.814 V1.0.0, “Evolved Universal TerrestrialdRaAccess (E-
UTRA); Further advancements for E-UTRA Physicalelayspects
(Release 9),” Mar 2010.

[9] M. Sawahashi, Y. Kishiyama, A. Morimoto, D. Nishika, and M.
Tanno, “Coordinated Multipoint Transmission/ReceptiTechniques
for LTE-Advanced,” IEEE Wireless Communicationsngw2010, pp.
26-34..

[10] M. R. Ramesh Kumar, S. Bhashyam, and D. Jalihalwillimk
Performance of 2-Cell Cooperation Schemes in a iNatl
Environment,” 11" International Symposium on Wireless Personal
Multimedia Communications (WPMC'08)

[11] C. B. Peel, B. M. Hochwald, and A. L. Swindlehurss Vector-
Perturbation Technique for Near-Capacity Multi-Ame Multi-User
Communication-Partl: Channel Inversion and Regedaion,” IEEE
Transactions on Communications].53, Jan. 2005, pp. 195-202.

[12] 7-IEEE 802.16.3c-01/29r4, “Channel Models for Eix&Vireless
Applications,” 2001.

[13] G. Piro, L. Grieco.,, G. Boggia., F. Capozzi, and Gamarda,
“Simulating LTE Celullar Systems: An Open-SourcarRework,”,
IEEE Transactions on Vehicular Technology, vol. 60, 2, Feb. 2011
, pp.498,513.

Copyright (c) IARIA, 2014.  ISBN: 978-1-61208-347-6

153



