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Abstract—Multi-cell processing, also called Coordinated Multi- precoding [[5]. Considering these problems, and looking for
ple Point (CoMP), is a very promising distributed multi-antennas  practical solutions, we focus on a simple Multi-Cell Prazieg
technique that uses neighbour cell’s antennas. This is exped 4t solely requires statistical users SINR, and can bewithd

to be part of next generation cellular networks standards suoh . . .
as LTE-A. Small cell networks in dense urban environment are & less precise synchronisation than any beamforming-based

mainly limited by interferences and CoMP can strongly take MIMO.

advantage of this fact to improve cell-edge users’ throughgt. This paper proposes an analytic expression of the capacity
This paper provides an analytical derivation of the capaciy outage probability in Rayleigh fading condition for COMR:-A
outage probability for COMP experiencing fast Rayleigh fadng.  grage received powers are required as input of this theateti

Only the average received power (slow varying fading) has to - N . .
be known, and perfect Channel State Information (CSI) is not €XPression. Such a derivation was madelinh [7] for Single-

required. An optimisation of the successfully received dat-rate is  Input Single-Output(SISO) links. Here, we use the geneealli
then derived with respect to the number of cooperating statns  chi-square random variable (see a derivation for communica

and the outage probability, illustrated by numerical examgdes.  tion in [8]) to derive this outage probability for distritmd
Keywords: Multicell processing, Capacity distribution,Multiple-lnputMultiple-Output(MISO) links. We then ushis

macro-diversity, Rayleigh fading. expression to optimise the number of cooperating stations
and the transmission rate to improve the “goodput” (i.e. the
|. INTRODUCTION successfully received throughput). A numerical example in

Today, it is commonly recognized that the solution comesnall cells conditions is then provided.
with smaller cells and dense spatial frequency reuse, Ipigssi
with the whole spectrum resource made available within each Il. SIGNAL MODEL
cell (reuse 1)[REF]. However, this increasing number obas
station (BS), with shorter coverage range critically irses
the inter-cell interference level, especially at cell bdaries.

At a given mobile, on a given channel, the received (com-
plex) signal is:

The deployment of those small BS in urban area imposes M
some new difficulty for providers to plan their network, snc Y= Z(hn\/pn In Tn) + 2, (1)
they hardly control the location of the transmitters, their n=1

orientation or the propagation model. Self-Optimized anaheren refers to transmitting antennas, consideriigtotal

Self-Organised Networks (SON)I[1] have been motivated tsjites in the systemh, are independent circular symmetric

this context and by the necessity of an automated netwarimplex Gaussian Random Variables(RV), representing fast

planning and optimisation procedures with minimal humafading; z,, are the transmitted symbolg;, the transmitted

involvement. power; g, the path gain, including the path-loss from antenna
CoMP was introduced in 4G systems, not in order to provideto user: and a log-normal shadowing (slowly varying with

a huge increase of the total throughput [2], but rather tespect to fading); is the thermal noise, normal variable of

improve the SINR of cell edge users. A mobile located closandard deviation,. Users are by default attached to the BS

to cell border will be able to decode a joint transmissiomfro with the strongest signal averaged over fadimgmazx,,(P,,),

two or more BS in the same frequency band. That way,véhere P, = p,, gn.

better coverage is ensured with less users experienciageut We note " the set of N = card(N) cells that serves this

and thus, a more intense reuse of the spectrum in dense atg#s in a coordinated manner, to create a distributed MISO

is allowed. Several cooperation techniques (including €MIlink. Ay refers to the set ofV cooperating BSs. We can

have been studied inl[3],[4].[5].[6]. then write the received signal separating useful signal and
The main CoMP’s drawback is the need of coordination béterference as:

tween cells: huge amount of data representing users ctsmannel

and algorithms related parameters as well as synchramisati y= Z (hn v/ Pon) + Z (hiv/ Prar) + 2 @

data, making it impractical due to backhaul limitationsr Fo neN kEN

evolved MIMO-like coordination, a perfect time synchranis We assume that BSs are aware of a partial CSl, consisting of

tion is required to distributively generate beams or effitiethe average received power fed back by the user, but not of



the instantaneous channel, since it would require a tremendlink, every H,, being independent:
feedback and instant sharing of information between alscel
This implies that evolved CoMP techniques such as zerb(1082(1 +7(N)) > Rin) = P(Y(N) > ) =
Forcing, Beam-Forming or Dirty Paper Coding [3]) [5] carﬁDQ H > H 2 ) _
= - . n + z -
not be used. Perfect CSI knowledge and coherent detection | 7%;[ %h(k%;[ kTO )
assumed at receiver side. The received SINR is then:

o0 o0 7tk/Pk
2 &
Z |h |2P /0/0 P<2Hn>7th(ztk+0z)>n dt
V(N) _ neN 2” n : (3) neN kEN k¢gN
> kgn [P Pe + 02 (7
One of the challenges in CoOMP is to determine the best nuth>JeSrmg ®).
of cooperating stations: the improvement of SINR is baldnce(~(N) > ~;,) =
by the increased cost of resource due to cooperation. This00 - 7 (Z . +02)/P b
number depends, for each user, on the topology of the B?é' . / Z eVt Zkgn te oL ) /P e~ tr/ kdtk _
surrounding it (values oP,, Vn). o Jo =% HJ.GN_#H (1 — %) REN Py
Z e_')’tho'i/Pn H /OO e_tk('Ytll/Pn+1/Pk)
dty =
b;
IIl. OUTAGE IN RAYLEIGH FADING neN HjeN,j;én(l - p_n) kg 7 te=0 P
Z e*’YthUE/Pn H 1 (8)
A. Throughput outage probabilit ,
ghp ge p y PJ) (1+%h%)

nen ienrjzn (L= B5) Gan

The outage probability of a given user with a s¥t of
cpoperating stations and requiring a SINR higher thancan
fen be derived as:

Vn, H, = |h,|?P, is a chi-squared RV of order 2 with
mean and a variancg,. Received SINR[{3) is then a non-
trivial random variable, composed by the fraction of sums
independent, non identically distributed chi-squareddcan

variables. PN ) =
In [7], authors derived the outage probabilB{STR < Z vnel H P, H P, ©)
~n,) for a SISO link, also experiencing Rayleigh fading: 1- (e o _ P, )
ey (s JEN G4n Pn 1:)J TG Pk'Yth + Pn

H 1 The decomposition into rational fractions gives:
]P(SIRSVM)—]P’<ZN71H<WI>_ _Hﬁ 2

AT o R W) =1 Y (T an Y ),

. . . Pk’yth + Pn

Thermal noise has been neglected, looking at interference neN kEN

limited conditions. It can however be added without diffigul
The pdf of the sum of generalized chi-square randowith «,, = HjeN#n % and g8, = HZGN_Z# P:%P-
variables[[8] is: The probability density function (PDF) is then:

—x ' 7%}103 B
]P< Z Hn _ ;1;> _ Z e /P (5) f(/\/,%h) = Z (Uze Pn Z Pk’}/thk+ Pn

P.
nenN men Pl ljen jzn (1= 55) neN kEN

2
_’Ytg:z P BkPk 11
+e (67% nkgzj\/ (Pk')/th ¥ Pn)2 ( )

Note that mathematically, each received power must berdiffe
ent from another. We can consider without loss of generality
that this condition is satisfied, since in our case, trarsmit .
antennas are not co-located. The case where some receﬁfe(?'jccmu”y received throughput

powers are equal has been derived[ih [9]: those RV have toWe use thegoodput as capacity metric> (bit/s/Hz). The

be aggregated into higher order chi-square RV. goodput is the successfully received capacity, taking into

Let's derive the complementary cumulative density funttio @ccount the error probability of the transmission rate. &or
given user with a set/, the goodput is obtained by optimising

oo e~/ Pn the transmission rat& so that the goodput is maximum.
nen w=r pen Do Iljen jn (1 = £5) G(N;) =mazr R(1— P (N, R)) (12)
_m/Pn . .
= ¢ (6) To fairly compare performance of mobiles attached to one or
P; .
men Hienrjn( = 55) several BSs, we need to take into account the cost of resource

it induces: Consider a cellular network in which the mobiles
Using [3) as SINR and the same reasoning_as [7]'s derivatioan cooperate with two BS. If we decide to attach the mobile
for SISO, we derive the success probability to reach tlie two BSs instead of one, this mobile will consumes twice
threshold rateR;, = log,(1 + ) for a distributed MISO the resource it receives (one for each cooperating station)



Thus, interested in spectral usage, we need to look at a per- ir

spectral efficiency. 0sl
User's spectral efficiencg'(bit/s/Hz/BS) is: '
G(N) ol
C = — 7 13 Z
W) card(\N) (13) S oaf
No CoMP
To optimise user’s spectral efficiency, we then just have 02t ComP 21
select the best set of antenn&S that maximises[(13), such CoMp 2x1
that CoPt = C(N™). % os 4 a5 5

15 2. 2.5 3 3.5
User effective throuahput (bps/Hz)

IV. NUMERICAL RESULTS Fig. 1: CDF of users throughp@(Ny), for N = {1, 2, 3,4}.

To illustrate, we use a numerical implementation to sinala

received powers at mobile. We use a 2D area where BS 25F g
uniformly distributed with a density of 100 BS/Kigwhich 2 e %o,
is similar to an hexagonal scheme with 124m inter-cell di El'fii’;;\\ P00,
tance). A path loss model is that of [19}5(d) = 34.53 + el TR R R R e 89999992999900000
381log,,(d)+0, wheres represents the log-normal shadowing e
Fig[ illustrates the CDF of3(Ny) for N = {1,2,3,4},
over a large number of users. We can obviously see tt S
the throughput increases with the number of cooperati ml_z; ¢ oy
stations (through macro-diversity, increase of usefulaignd z * \f?o -
reduction of interference level), and so the effective rigk os- TR R R e 82 9099902900900009
capacity (and so service) outage is strongly decreased. | T T e Y R
this does not take into account the cost in resource requil
to perform this cooperation. oo
Looking at spectral efficiency, we are now interested i  _ 0 . Oooo
finding the conditions in which users benefit of CoMF = "+, °° Sog0 s
Considering userg and j with a given spectral efficiency osF R e 2 59009999 990099 0069008
Ci(Ni1) = C;(N;1) we can not say that their spectra % o5 1 15 2z 25 s 35 4 45 5
efficiency with N antennas will be equal as well. This depend
on the received powers from neighbour cells.
We sorted users according to their spectral efficiency wit
out cooperationC'(N;) and looked at the gain they obtain
with N = {2,3,4} and N*. Fig.[2 shows the relative gain )

C(Nn)/C(N7) of the 5th, 50th, 75th and 95th percentile o o o5 1as 2 as i3 s w45 s
users that have’(N;) = Cy. For example, we can see tha | :
using N = 2 BSs, 95% of the users withC'(NV;) = 1 will

have a relative gain lower than6. The relative gain usingy o . . .
BSs tends to reach/N for good SINR users, since we useFlg. 2: Repartition of the gain for users using CoMP. Usees ar

N distributed resource without significant gain in goodput. grouped by their value of thel(1) on the X axis. GIaphs,
As expected, the major gains appear when initial conditiorf1r§)m top to bottom, correspond & = {2, 3,4} and A",

C(MN1) is low, such as cell-edge users. Spectral efficiency can

even be improved when using more than two cooperating

stations for very low SINR since this condition is certainly ACKNOWLEDGEMENT

due to more than only one very close interfering station. By

optimising the number of cooperating stations for each,usFr

we ensure the optimal spectral usage. Looking atf Fig.1 a

Fig[2, CoMP gains benefits to a large proportion of users.

sMpercentil  *  Median — — — 75"percentil O 95‘"Percemil‘

This work has been carried out in the frame of the joint
between INRIA and Alcatel-Lucent Bell Labs on “Self
rganizing Networks”.
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