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ABSTRACT between source and relay. Few studies have been performed

, i i i ) on downlink cellular cooperation [8] so far, and these stadi
©) Downlink cooperation between Base Stations is a simple, eE%e the relay for coverage improvement, without diversity.

—) . cient alternative to macrodiversity for providing Q0S dnot |, s haper, we propose a strategy for downlink coopematio
<E ity durmg_ m0b_|I|ty in distributed cellu_lar networks. It iv_lgs at cell's border. Cooperation is performed between Base
cooperation diversity and only requires data forwarding biions on a channel assumed perfect. Our work focuses on

tyveen Base _Statiqns. This paper presents a strategy for—dowlré impact of cooperation on Radio Resource Management
link cooperation triggering, resource allocation and poses- algorithms: power control and resource allocation. Indeesd

" _tro_I Inan OFDMA—based syst_em. Poyver C(_)erI aims at maéberation should not be performed at the expense of inter-ce
imizing the equivalent capacity that is achieved thanks$i® t;yq ference increase and should not induce power liritati

0 diversity brought by relaying, while taking into accountsi - o, pr algorithm for downlink cooperation is composed
(&) cell mterfc_arence. We use an iterative method which .dedx::%f three steps: it first determines the list of users thatirequ
— @ proportion of the total power to relayed USErs. S'rm'”""t'c?glaying, then assign subcarriers on source and relay, links
re_sults show that our metho_d InCreases ca_lpacny at any Ioﬁﬂd finally performs power control on source and relay links.
_It importantly reduces the rejection probability thanksSiR Each step is performed independently on each Base Station.
increase of users at cell's border. The paper also showsd)hatour RRM strategy is consequently suitable for distributed

operation should be limited to cell-border users for re8g oy orks. Itis also efficient in terms of signaling, as iFBase
additional resource consumption, and that it should make UStations’ signalling is limited to data forwarding

of diversity as much as possible.
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The paper is organized as follows. Section Il introduces the
I. INTRODUCTION system model and notations. Section Il presents the liged

_ L _ algorithm for subcarrier allocation and power control. Plee-
The latest developments in standardization bodies show %Bgmances of this algorithm on capacity, Signal to Noisddat

requirement for reducing latency and cost in future Ce'"u'%nd inter-cell interference, are gathered in Section \M&o
networks, by limiting the number of network nodes along trﬁons are given in last section

data [1]. The most commonly agreed way is to set all Radio
Resource Management (RRM) decisions into the Node B,
and to suppress the RNC. This enables a faster reaction and
is well adapted for efficient scheduling methods in OFDMAQur model is composed of two rings of interfering Base Sta-
but it removes the possibility to perform macrodiversityr Itions with omnidirectional antennas with same cell radi.
this paper, we propose a method to enable smooth handd®ase Stations use OFDMA with same FFT siég-r. We sup-
between cells, without requiring a global controller likeet pose that there ar®sersusers per Base Station. We assume
RNC. Our method is consequently a possible alternatitieat each user is assigned one sub-carrier by its serving Bas
to macrodiversity, and is particularly suited for distiéd Station, and may be relayed by at most one Base Station.
cellular networks. It relies on downlink cooperation betwe The users of the 7 central Base StatiofsS( to BS7) may
Base Stations. be relayed in downlink. For each usef the 7 central Base
Cooperative communications [2] are new techniques to irfBtations, the source Base Station will be dend®&t] ;.. Then,
prove wireless networks performances by generating s$pattee chosen relaying Base Station, denai®$l. 5, will be the
diversity. They consist in transmitting signals from difat neighbouring Base Station that minimizes the path losséo us
locations, thus performing virtual Multiple Inputs, Mylte .

Outputs (MIMO) arrays. Cooperation has been introducddansmission between two Base Stations is assumed peifect.
in [3] [4] [5] where some terminals serve as relays for anoth&wo-time slot relaying scheme is used: at time3.S; ;, trans-
terminal’s transmission. Then Laneman et al. [6] [7] praggbs mits symbol:;, ; to userk and forwards it td3.S,. ;. for relaying
two cooperation transmission protocols, Amplify-andskard purpose. Attime + 1, BSS; j, transmits symbat;y, » to userk,
(AF) and Decode-and-Forward (DF). These protocols aa@dBS, ; relays symbolky, ; to userk. Let i = (yk,1,Yk,2)
well adapted for uplink transmission with a wireless linke the vector of symbols received by uger

Il. SYSTEM MODEL
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Ill. RADIO RESOURCE MANAGEMENT STRATEGY

Yk = hsk l%’i’kxm + ng (1) In this section, we present an algorithm for downlink coaper
s.o(0% + L k) tion which determines users that require relaying, assgbs
carriers on source and relay links, and performs power obntr

Pk on source and relay links.

Yk2 = Nrk T 72 . 7 Tkl +
lre(0® + L) A. Cooperation triggering condition
Bk %Im + N (2) Cooperation between Base _Stations may become costly in
sk(0% + Lo k) terms of resource consumptions (subcarrier and power). It

should not be performed at the expense of decreasing the ca-
pacity of the non relayed users. If a user is relayed by a far
e p. (resp. p,) is the transmit power from the sourceBase Station, this Base Station will require a high poweneal
(resp. the relay) to usér. which will generate a high inter-cell interference for usas-
ing the same sub-carrier.Consequently, we restrict ne¢ato
e I5 1 (resp., k) is the path loss (including shadowing) frontases where users have almost the same path loss value'to thei
the source (resp. the relay) to uger source Base Station as to their relay Base Station:

where

o hs i (resp.h, ) is the fast fading channel coefficient be- (o — lor)as < A (8)
tween the source (resp. the relay) and the #éser ' ' N

. . _ ) B. Subcarrier allocation on relayed and non-relayed links
o [, (resp.,I, ) is the inter-cell interference received by~~~ )
userk on the subcarrier allocated on its link WihS, To simplify the problem, we have made the assumption that

(resp.BS, ). each user can use at mo§t one subcarrier per Base Station.
' Subcarrier allocation is first performed, for each user,hmn t
e o2 is the noise variance, which is the same on both linkdirect link with its Base Station. We assign the first free-sub
as it only depends on the destination (usgr 7, ~ carrier that maximizes the fast fading channel coeffictent.
CN(0,I)is AWGN. Then for the relayed link, two methods are tested. The first
] method consists in allocating the first free subcarrier rtax-
Let f, . (resp.fr.x) be the sub-carrier allocated by the sourcgizes . .. In this case, the user receives inter-cell interfer-
(resp. the relay) Base Station to ugerThe interference re- ence on two different subcarriers. The second method dsnsis
ceived by usef: on its link with the source Base Statiddx  ij trying to allocate the same subcarrier on the relay link as

and on its link with the relay Base Statidpy, are: on the direct link, in order to decrease inter-cell intezfeze.
Nps ) Hovyever, r(_elay links gannot pre—er_npt direct IinI§s vyhich dav
I, = Z i fo | *Pis o 3) a higher priority. So if the direct |In.k’S subgarner is aildaj
’ i— ol lik allocated, then we fall back to choosing the first free sular

with highest channel coefficient.

Nps e s 2ps C. Power control to maximize capacity
Iy = Z % (4) Our aim is to maximize the sum capacity on each Base Sta-
i=0]i%r ik tion, by allocating power values on each subcarrier. The gen

o eral optimization problem is, for each Base Station inddxed
whereNgs = 18. The transmission channel can be modeIIeZd6 [0,...Nps]

as:
Nusers
U = Hyp @y, + 7. (5) maximizeg, ( Z Ck>
k=1
H,, is the equivalent channel matrix for user subject tol”j; = P ©)
T — max
Y Ay p—5 . E— 0 .
H, — SR\ To k(02 + 1o ) ©6) More specifically we get two cases.
h, Prk h Ps,k )
PR\ @ L) TR T ) 1) Power control on the the second ring

On the Base Stations where users are not relaygs (to

BS4g), some sub-carriers are dedicated to relaying external
1 . users (V,. with power vectorp,.), while the other ones are ded-

Cr = 5 logy(det(I + HyH)) () icated to internal users\; with power vectors,). In order to

) " .
1 s 1o |*Ps i e | 2Pk ensure that relayed users have sufficient power allocatien,
—log, [ [ 1+ A3 + Tl o)

We assume thal [z} ] = I. Then link capacity is [9]:

7 (Tor+02) s impose that a part of the total power be dedicated to relags. W
s;kilisk T 0 rklink T 0 therefore havePreiay+ Pairect = Pmax and simulations show that
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the best ratio value iBrelay = - Pmax: where . .
As power constraints are independent on relay links and-on di % )
rect links, we can separate the problems. ap = |1— W s
v (@)
maximizeg,,, (Z Crelay, k) andy, is a constant parameter that must be chosen in order
k=1 to fulfill the power constraint” p,; = P;.
subject tol” 5, = Prelay (10) In the general case, we have solve the global problem on
Py numerically with Newton method under equality constraints
and [10].
Ny Remark The whole algorithm can be performed in a dis-
Maximizes,, . (Z Cdirec;k> tributed way by iterating the optimization process on alt&a
k=1 Stations. It should also be noticed that our power control

subject tol’ 5 = Pirect (11) method enables power to be set(tcon some sub-carriers.
Therefore, our method can also be seen as an admission con-
Both problems are convex optimization problems, which cagb| method: when the Signal to Noise Ratio of a link is too
be solved by using the Karush-Kuhn-Tucker (KKT) conditiongw, no power is allocated on this link. As we always try to
[10]. A detailed derivation of this solution can be foundIi]. allocate the best possible channel, this implies that scsee u
The optimal solution for relayed users is: cannot be served. Our method is consequently not fair if we
) ) o7+ focus on the instantaneous behaviour of the network (wisich i
Drk = 1 lrg(0® + Irk) (1 + s,k “Ps. ) (12) the case in our snap-shot based simulations). The dynamic be
’ [ [P e |2 ls (0 + s k) haviour should be studied, in order to evaluate the actwg-dr
ping probability.

where[z]T = max {0, 2} andp; , is the power transmitted by
their source Base Station. The constaptmust be chosen so

e ! . IV. PERFORMANCE
that the power constraint’ o, = Prelay is fulfilled.

The solution for direct users is: This section presents the performances of our RRM algorithm
9 4 for downlink cooperation, and evaluates the parametefisi-in
Pk = {i — M} (13) ence. Performances are assessed with Monte-Carlo simula-
’ Hd |ha,k | tions, with Neer = 256 and Nysers= [32, ..., 224]. Our model

where constant, must be chosen so that the power constraiis been described in Il. Simulation’s parameters are

1T=> _ . i 1
179 = Fairectis fulfilled. e Inter-site distance ig;; = 0.7v/3 = 1.212 km.

2) Power control on the first ring e The path loss model is Okumura-Hata [12)(d) =
On the Base Stations where users are relaygs} (to B.Sg), 137.74 + 35.221og(d) in dB.
some sub-carriers are dedicated to relaying external users . o
while the other ones are dedicated to internal users, andta pa® Shadowing’s standard deviation is 7 dB.
of these users are being r_elayed by an exter?val Base _Statlorl. The downlink noise is2 — —105 dBm.
The same part of the maximal powBfeay = mpmax is
dedicated to relay. The problem can consequently be divided The maximum transmit power for each base station is
into two separate power allocation problems. Prax = 43 dBm.
The solution on relayed useps is given by eq.[(12).
For internal users, however, capacity maximization can noThe number of iterations is set so as to achieve convergence
longer be solved through direct water-filling as in the secohor most power values. It depends on the inter-cell interfee

ring case. The problem is now level, and consequently on the load. In the following, the
performance results are averaged ol in order to avoid
o Nay side effects.
maximiZe .. chourcek + Clirectk In sections A and B, we seh = 3 dB and use the first
k=1 subcarrier allocation method. Then sections C and D eval-
subject tofTﬁd = Pirect (14) uate the influence ak and of the subcarrier allocation method.

Remark The performance results of our cooperation scheme
where users denoted souykeare relayed by an external Base, ¢ compared with a non-relaying power control method in

Station, and users denoted dirdcare not relayed. _ which power values are allocated on each Base Station im orde
In the case where all users are relayed, then the solutiohe&any maximize the sum capacity

obtained analytically with the KKT conditions [11].

Nusers 9
11 Lokor41.0] " <1 < - ))

k= | — 4+ —yap — =2 Tok) 15 ogy | 1+ Ds.k (16)
Dok Hs * s ak |hs,k|2 (15) ; lsak(UQ + ISJC)
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The solution is obtained with water-filling:

+ — + — With relay, N=32
1 ZS k (0’2 + Is k) 100§ — © — Without relay, N=32
Psk = |— — 727 a7 + - With relay, N=128
’ Hs |hs,k | 90 > Without relay, N=128
80 —+— With relay, N=224
T — —&— Without relay, N=224
wherey., must be chosen so that p, = Prax. e Y

CDF

A. Performance improvement

The average link capacity is shown on Figl 1. Using relay
enables to increase the average link capacity at any load, by
10 to 14.5 %. At low to medium load, relaying brings addi-

. L . . 20| ¢

tional power, while inter-cell interference’s influencefe- Gt $289 *

sponding to an increase ®8 dB) is mitigated by power con- SN e ‘ ‘ ‘ ‘
trol, which leads to capacity improvement. At high load, two 0 0 0 0 10 2 % 40

e . . L. SIR (dB)
limitations occur: first, the relays also become powerij

second, some of the users that request relaying cannot be re- _ _
layed, because there are no free subcarriers on their atedidrigure 2: CDF of Signal to Interference Ratio, N=32, 128 and
relay Base Station. 224

cells. Although these results are already interestindyoud
be noted that they could be improved by allocating more sub-
— & Without relay | | carriers to each user, and by using a dynamic scheduling that

would take the service into account.

4.5

Table 1: Rejection probability for SIR, = —10dB

§ Nusers | Without relay | With relay

&5 32 13.75 5.53
g 64 | 22.23 9.08

8 96 28.23 12.71

15} 128 | 32.63 16.22

160 | 36.13 19.23

lO 5‘0 160 15‘0 260 250 192 3908 2266

fumber of users 224 | 41.50 27.02

Figure 1: Influence of load on average user capacity
B. Resource consumption for relayed users

Fig. [2 represents the Cumulative Density Functions (CDBhoperation between Base Stations requires additionatpow

of the Signal to Interference Ratio (SIR) -including noise- 4y sypcarrier resources. In our power control scheme, vee ha
all users, for different loads. Relaying globally increasiee yogicated POWET ratielay = 2= Pmax to relayed users.
SIR of all users. The gain is more important at high load, wh Y o N T
heg , p athig » WN&he number of relayed users, is determined thanks to the
more users are likely to be rejected from their source Base S{ooperation triggering condition on path loss. Howeveersis
tion because of the total power constraint. Indeed, our POWgqesting relaying are not necessarily allocated a stibrar
control method (with and without relay) does not allocatg any,g power on the relay link: subcarrier allocation depends o
power to users whose power requirements are too high. Th&fgs |oad, as relayed users have lower priority than direetsus

fore, it performs admission control and does not serve Usergq resource allocation, and power allocation depends en th
too bad radio conditions. Fid.] 2 shows that the proportion BBwer control mechanism.

users with very low SIR decreases thanks to relay.

On Table1, we have gathered the rejection probability if a Table 2: Resource consumption
user is disconnected with SIR —10 dB. It is 2.4 times lower | Nusers | % active relaying| % power allocated to relay
if Nusers= 32, and1.5 times lower if Nysers= 224. <160 | 25 36
Consequently, even if our cooperation algorithm bringsra i | 192 25 25
ited improvement in average link capacity, it is especiaffi 224 125 12.5

cient for users that would be rejected if relaying was notluse

It is therefore particularly adapted for improving the SIR o Table[2 shows that at low to medium load, the percentage
users located at cell border, and reducing Quality of Serviof active relaying remains lower than the ratio of requeséed
discontinuities for users that perform a handover between tlaying. Power control does not provide any relay power. This
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confirms the fact that our power control method is not fair. #ubcarrier used on the direct link be free decreases, and mor
is a "greedy” power control scheme, similar to water-fillingusers eventually use the first subcarrier allocation methed
since the cost to maximize is sum capacity and not the numistpose the bedt), which explains the capacity increase.

of active relayed users. To conclude, subcarrier allocation should be opportunisti
. . . order to maximize the capacity, as the influence of intelr-cel
C. Influence of cooperation triggering parameter interference can be efficiently mitigated by power control.

The influence of the cooperation triggering parameieis
evaluated forVysers = 32. The results are summarized in Ta-
ble[3. We can see that the capacity increase of relayed ssers i V. CONCLUSIONS

balgnced by the capa_cny decrease of n_on-re_layed ‘_Jse"m agH this paper, we have proposed a resource allocation andmpow
additional power dedicated to relayed links is obtainedhet t;qniro| algorithm for cooperation between distributed @as
expense of the power of direct links. Stations. Power control is performed iteratively on thdedif

To conclude, settind = 3 dB is more efficient, because 8 gase Stations in order to mitigate the influence of inet-
higher value takes power from the base Station’s directsusgfierference. Our algorithm leads to capacity increasengt a
without providing any significant capacity gain. the load value, which is achieved in spite of the inter-all i

terference increase. It is especially efficient for dedrepthe
Table 3: Influence of cooperation triggering parameter rejection probability. Besides, it should be triggeredyoat

A(dB) 3 6 12 cell's border in order to decrease the consumption of power
% of requested relay| 46 | 56.4 | 74.4 dedicated to relay and should make use of opportunististran
link capacity (b/s/Hz)| 4.04 | 4.06 | 4.07 mission as much as possible in order to increase capacity.
Protay (W) 71 183 | 101 Cooperation between Base Stations is consequently a very

promising technique for mobility in future distributed keghr
networks: indeed, it enables a smooth transition from oifle ce
D. Influence of subcarrier allocation method to the other, while beeing less costly in terms of infrasiice
. . . . and network management than macrodiversity.
In this section, we compare the two subcarrier allocatiothme . . - .

Future work will consist in defining new scheduling methods,

ods for the relay link that are described in section 111.BeTh . o .

. . X . . based on new cooperation protocols, that will bring faisntes
average link capacity with both methods and without relgyin . . . o
. . users and will be adapted to different Quality of Servicesc
is presented on Fif] 3.

straints.
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