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Abstract—Multimedia traffic is constantly increasing and will
soon dominate traffic flows in radio networks. The Multimedia
Broadcast Multicast Service (MBMS) system provides efficiet
mechanisms for multimedia multicast services in mobile net
works. We develop a flexible model to perform dynamic radio
resource allocation for MBMS service by using metaheuristis
approach. We conduct fitness landscape analysis to study the
characteristics of the proposed problem, which helps us toedect
appropriate search strategy. Simulation results show thatthe

[8]. For users with better link quality, FACH coverage is
adapted by changing transmission power, meanwhile the
DCH connections are released or established for the users
near the cell edge. DTM enriches the candidate transmis-
sion modes for MBMS, however, simulation concluded
that DTM is only beneficial for up to 5 users [2]. Hence

it is rather limited by only applying FACH and DCH for
co-existing of transmission modes.

proposed algorithm provides better performance than exishg
algorithms.

Index Terms—modeling; fithess landscape; multimedia multi-
cast; radio resource management

o Scalable FACH Transmission(S-FACH) is a potential
power saving technology for multicast [9]. With scalable
video coding, service can be divided into single layer
(SL) and multiple layer (ML) transmission schemes. ML
service can split into several streams with lower bit rate
hence with lower QoS requirement compared with a
non-scalable stream. (e.g. 256 kbps service has two 128

I. INTRODUCTION

The MBMS system [6] specified by the 3GPP is considered
as a substantial and efficient platform for multicast seraicer
cellular network. The MBMS service over UMTS Terrestrial ~ kbps flows). S-FACH transmits flows through common
Radio Access Network (UTRAN) interfaces could be carried channels with predefined coverage [9]. the basic flow to
by PTM and PTP mode. In PTM mode, service is carried by a  all subscribers (95% geographical coverage) to guarantee
forward access channel (FACH) covering the whole cell. Each service reception, the advanced flow is sent to users
FACH needs one channel code serving large amount of users, within 50% coverage. The reception of advanced layers
but may waste power when there is small number of users enhances service quality on top of basic layer. Basic
or users are very close to Node B [7]. The PTP mode uses flow’s transmission power is reduced with lower bit rate,
the dedicated channel (DCH) or shared channel (HS-DSCH). and so do the advanced flows with smaller coverages.
Each DCH needs one channel code serving one dedicated user
and the shared channel occupies up to 15 channel codes fasithough MBMS RRM in 3G network has been extensively
users. PTP mode controls link quality better than PTM bstudied, several aspects are still not well balanced witiex
the served user number is limited due to power and chanagproaches. especially when transmission power or channel
code restriction [5]. In UTRAN where the radio resourcesodes are saturated. For example, should we transmit servic
(power and channelization codes) are limited, the selecifo through basic quality with full coverage or through advahce
transmission mode is crucial to the allocation efficiendye T quality with smaller coverage? Should we select transmissi
related work on this topic are: mode based on less power consumption or less occupation of

« MBMS Power Counting (MPC) that defined by 3GPP channel codes? To address these demands, we propose a Flex-

[5] is to minimize power requirement. Before data transble Radio Resource Management Model (F2R2M) combining
fer, when the estimated power consumption of MBM®&ansmission mode selection and multimedia scalabilitys T
service in a cell is under an operator-defined thresholahodel could answer these questions mentioned above by using
network will establish PTP connections. The switch frormetaheuristics approach. Two neighborhood operators and
PTP to PTM occurs when power exceeds the thresholdxicographic-order criteria are proposed to evaluateqtine-

and vice versa. MPC has limited flexibility because ity of resources allocation in terms of service satisfattmd

only considers delivering service for all users with fulfesource consumption. Moreover, to understand the steictu
service quality. of solution space and the neighborhood space to charaeteriz

o Dual transmission mode(DTM) allows the co-existing the given problem, we conducted the fitness landscape amalys

usage of PTP and PTM mode for one MBMS servicef two neighborhood functions for different scenarios. ithe



the operator selection are discussed and proved with locab pure PTM mode: only FACH,
search. e pure PTP mode: DCH or HS-DSCH,
This paper is structured as follows. The proposed modele mix of PTP mode: DCH and HS-DSCH transfer the same

is formulated in section Il. Fitness landscape analysishef t flow content to different users,

model are discussed in section Ill. The simulation result ise mix of PTP and PTM mode: co-existing of FACH, DCH

showed in section IV and section V is the conclusion and or/and HS-DSCH.

perspective. Therefore, for each flow ; of services, we partition the
II. MODEL DESCRIPTION multicast groupDest(s) into four disjointed sets:

o UEtaen(fs): users served through a FACH,

o UEq4wn(fs;): users transfered through DCHs,

o UEp(fs;): users sharing HS-DSCH,

This section gives the description of the proposed model,
which allows combinational allocation of transport chdrfoe
scalable encoded multimedia multicast service.

e UEn.en(fsj): users not served.

A. Phases of Model Rt(fs ;) is defined to represent the users receivifig:
As shown in Figure 1, F2R2M is implemented in eac®(fs ;) = UEgen(fsj) U UE4en(fs;) U UELs(fs ;). Then the

RNC, performing radio resource allocation for simultareowlecision of user sets follow two principles:

multicast service through three phases. 1) Rt(fs;) = Dest(s),j = 0,1,

2) Rt(fs;) C Rt(fsj-1), 5 = 2.
Principle 1 is to guarantee service coverage, which means
------- . all users in multicast group should be selected to recgive

User Subscription Three Phases of Our Modei R i N
Phase -1 or f1, unless all channel codes are fully occupied. Principle 2
Announcement

RNC collects, announces

Node B

servics info restricts the advanced flow is only sent to users which also

E Jans Muticast }{ . ] receive lower flow, that is to avoid the redundant content
‘ Prase 1 transfer to the same user.

(s ) s ) R”Cdph;' Then the partition of users fof;, ; should be in accord with

I ] m".'.:"”“ channel characteristics:
[ReceweMumcas‘Dz‘a }—[ MBMSDaIaTrar\s!er] Phase 3: 1) dti S dth’I‘7Vti e UEfaChy
) —— - 2) di; > dinr, Vt; € UEqeh U UERs U UEnocn,
(e )i 3) UEa, NUEqy, = &, chy, chy € {fach, deh, hs, noch}.

MBMS Multicast
Service Deactivation

Leaing Mutcost Srou) (G s session ) FACH is a common channel and can be listened by all
users within its coverage, constraint 1 is to guarantee that
UEtaqn(fs;) includes the nearest users in multicast group, with

In the first phase (collect phase), RNC periodically cogiecflistance from Node B under a thresholti,, is determined
service and user information. Any change of MBMS sessidi!iNg optimization procedure. In constraint 2, the users i
state (e.g. user mobility, new MBMS session) will triggee thMulticast group, farther than the FACI_—| coverage, are assign
second phase (estimation phase) to search for propertitincal® HS-DSCH or DCH. When there is no available channel
scheme. In the begin of MBMS data transfer, the third phaS8d€ for a given users, this user is switchedB,ocn(fs,))-
establishes the planned transport channel for selected uz)Céonstralnt_S guarantees that user sets for each flow does not
according to the solution obtained in the previous phase. ©Verlap. Since sending the same flow to user through more

In the collect phase, RNC receives following variables d§a&n one channel will waste resource.
the input of model: Consequeptly, acgordlng to Uke(fs;) apd requ_ested

e T(c) = {t1,..tn:}, @ set of users located in cell flows bandwidth, ava|IabI_e channe_l codes(s) is associatid w

e« C(c) = {(x1,51). ... (xne.yne) ) the instantaneous ge-2 nonempty user set. This allocation procedure correspgndi

ometry coordinates of'(¢). With C(c), the distance of tﬁ thg\;)srtlrogonal princc:jiple”of %VSF c((j)des [1]r; i.f one codle on
usert, from Node B ;) is obtained. the tree is used, all codes underneath it are no longer

e S(c) = {s1,....55s}, A set of services is going to beUsable- . .
trrgm)smiti[eclj to m]ljlsti}cast groups within going When user and channel code allocation are determined,

the power consumption of transport channels is implicitly
. F(Sl) = {fSi717fSi,2[fSi,3]} or {fsi,o}, the flows (and . . . . ..
their bandwidth) of service;. fs, ¢ indicatess; is SL determw;elgAéE' Zhown(;n F|gl_{{re 2,”the downlml;trgnstrr:nssmn
transmission, and, ;, (j > 0) is the sublayer of ML power of A epends on its cell coverage [3], i.e.the user
: v distribution in UE(fach, f5 ;).
scheme service. The total t LS f DCH f . I
« Dest(s)) = {tn, tms ..}, 51 € S(c), the multicast group e total transmission power o @r users in a ce

of s; is constructed by users ifi(c). [13] is calculated by Equation 1.

F2R2M allows the combination of PTM and PTP modes for Py+ 30 Ly

each flow, hence the possible assignment of transport channe Ppcus = 1 . n
include: — i N, TP

Fig. 1. Three phases of F2R2M
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Constraint guarantees the OVSF code orthogonality: chan-
nels’ codes are chosen to be orthogonal to each other in
the same cellA; ,, in Equation 3 is the difference between
allocated channel bit rate (determined by its OVSF code(s)
[1]) and the bandwidth of requested service(s). For example
usert, receivesf,; (64 kbps) through DCH channel with
bandwidth 32 kbps (SF = 64). Ther); ,, is: —(32—64) = 32
kbps.

e

o N A o ®

The second optimization objective is to minimize the power
consumption of cell:

Po(c)= > Y > P(fe. chi),ch € {fach,dch, hs}

si€S(c) fjEF(s;) chy

500 1000 1500 2000
user distance from Node B (m)

IS

Fig. 2. Power of FACH [3]

meanwhile, Po(c) < Pusms_budget(c), Which enforces the
total power consumption of one cell to simultaneous MBMS
services does not beyond its maximum transmission power.
With the two-dimensional fitness value, the comparison of
new solutionz’ and current solutionr is conducted in

where P, is the power for common control channe?, is
the background noisel, ; is path loss ofith user, W is
the bandwidth in UMTS,R;,; is user transmit rateF;, /N,
is the target experienced signal quality of ugethe orthog- a

onality factor f = 0 represents perfect orthogonality); is lexicographic orderz’ is evaluated as better solution when

the inteﬁ:elgnterfer(.ance observt_ad _mn user, gxprgssed pyTh(x’) — Th(z) and Po(z') < Pol(x), or Th(z') < Th(z).
T = ijl L—; Pr; is the transmission power in neighboring _ _ _
cell ¢; (j = 1...M), Ly; is the path loss fronith user tojth C. Solution Representations and Distance Measurement
cell. To conduct the analysis of relationship between solutions
The transmit power to guarantee a required HS-DSCiéhd landscape, The distance metrics for solutions need to be
throughput [12] is expressed as: developed. We propose two mathematic representations for
solution and corresponding measurement method to refresen
(2)  the distance between two feasible solutions.
1) Representation A: In the first representation, the solution

POWH
SFlﬁ

in which P, is the own cell interference experienced bY)f one cell is represented as a matrix &% rows andN f
user,G is the geometry factor defined iy = » Powy

. o other+ Proize - COIUMNS:
related with the user position. For a user at the cell edge,

Pus_pscu > SINR x [p— G~ 1]

The interference from the neighboring cells for is highemth flsn,1) f(s1,2) Flsns,0)

the interference at its own cell, thus is expressed by a chi 1 chi 2 chi Ny
lower value. In the macrocell (hexagonal layout with 1000 m

base station spacing), users within 80% coverage experinc ch ch ch e
geometry factor of-2.5dB or better, within 95% a geometry  z(c) = &1 *2 LN S ,
factor at least—5.2dB [10]. With the target BLER and the chija chj,z chj,ny
channel quality information (CQI) from users, we obtain the

Signal to Interference Noise Ratio (SINR) by applying the chyei  chyio chyeNy

CQI and target BLER (i.e. 1%) from the analytic formulation .

driven by link-level simulation results in [11]. The CQI is d(t:) < d(t;), 7 < Ji chij € {=1,0,1,2,3}

obtained through the target bandwidth and mapping table of N f is the number of flows of all services in ceN is the

MAC-hs Bit Rates versus CQI [4]. TheR,, is calculated by number of all users in cell. Element in thé row j** column

applying SINR and? into equationPys_pscHh. indicates the channel allocation of userfor flow f;. Values

0, 1, 2, 3 represent user is allocated to UE(noch,fach,dgh,h

-1 means the user does not belong to the multicast group.
F2R2M aims at finding solution to guarantee the QoS Hamming distance is a well-known distance in combina-

requirement in terms of the bandwidth of allocated channeti®nal optimization, it corresponds to the number of difer

and minimize the transmission power while avoiding powdsits between two solutions. For solution representatioma,

saturation. Fitness value of solution is defined to refleake hamming distanety,,, to measure the distance between

these aspects. The first objective is to minimize the loss wio feasible solutions represented by method A.

throughput in one cell: 2) Representation B: In the second mathematical represen-

tation, the solution of flowf, ; is a vector of terminals within
Thic)= > > >

B. Fitness Values and Evaluation Criteria

max [-A;.,0]  (3) Dist(s):

$:€5(c) f;€F (s:) tucDest(s;) x(fs;) =(0,1,2,...,0,4,...,0,4,...,0,k, ... ,tn¢)
e e N e N e N e’
SUbjeCt tO:SFm(fsmj) 1 SFn(fSi7j)7 fs'hj € F(Sl) UE(fach) UE(dch) UE(hs)  UE(noch)



The four user sets are separateddbgnd listed in fixed order. o 51 — zpo: ch, = FACH, ch; = DCH, t;, = t5. FACH
In each set itself, users are ordered with increased distanc coverage is reduced. Both andt;, are moved to DCH

from Node B. Then the solution representation B of eei user set, becaude, is farther thants.

a vector consisting solutions of transmitted flows: e Tpa — xp3. ch, = HS-DSCH,ch; = DCH, t;. = tg.

2(c) = {z(s1), ..., x(sns)} 2) In_sert Operator: The insert operatai; is a typical case
B of §x, it moves only one user for each operator application.
={alfso) [2(fsin) 2(foi2), -] 1, Y80 € 5(€) \when EACH is chosen ash; or ch,, t; is determinately

3) Comparative Distance: For solution representation B,Selected: the nearest user withifEns U UEgch U UEyoch,
we designed the distance with structural comparisons, dan®¥® the farthest user withitVEg,cp,.
comparative distance,,,,. Assume we have two solutions Considerz;; andzy3 in previous example, three steps of
of cell based on representation Bj(c) and z’;(c). For the insert operator are needed:
solution of same flow inrg(c) and z’z(c), we count the

number of users that are allocated to different channets) th zia(en) (012120457806901011)

the number of counted users is this markedlas,,. 2i2 (012012457806 9010 11)
The comparative algorithm measures the exact minimum 2is(2n2) (010212457806 9010 11)

number of applications based on insert operator. It coidd al

be utilized to measure the approximate distance of solstion zia(2p3) :(010212456780901011)

generated by hybrid-moves operatdg,,,, is essential the
same value a8, the latter compares the different allocated *
values for all users in cell. Solution representation B af we
as the comparative distance only include the users within®
multicast group for each flow, hence requiring less memory*

T;1 — Tio. ch, = FACH, ch; = DCH, the farthest user
t12 iN UEgn is moved toUE ..

Tio — x;3. ch, = FACH, ch; = DCH, t, is determined.
i3 — L. ch, = HS-DSCH,ch; = DCH, tg is selected.

cost, we use the solution representation B and the comparati |||. FITNESSLANDSCAPEANALYSIS BASED ONMODEL
distance for following analysis. Fitness landscape was originally proposed in a study of
D. Neighborhood Operators evolutionary theory [15]. This notion was then applied to

At each iteration, a move is made to transform each solutiGaracterize a combinatorial optimization problem [14g. T
into a neighbor solution. Based on the channel charadteristtudy the behavior of the flexible MBMS RRM problem, we

and solution representation, we defined two neighborhoigPlemented fitness landscape analysis based on the ptbpose

operators. model. o . _ .
1) Hybrid-moves operator: The “Hybrid-moves” operator N orde_r to get |nS|ght in the given problem, we deS|gned Six

5 is implemented in three steps: 1) choose one charinel Problem instances with different service parameter sptind

with non-empty user allocatior/ E,,,, is a “output” set; 2) USer d_|str|but|on as in Figure 3. The s_lmulauon paramedees

select another user sBtE,,, as an “input’ set{ch; # ch,); listed in Table I. Cor_13|der one cell in a hexggone_ll structure

3) randomly select usey, from UE,;,,, 5 moves this single of 19 cells, or_1|y multicast services are transmltt_ed in teb,

t), or a block of users including, from UE,,, to UE,,. then th_e maximum power for MBMS in one cell is 19 w (total

In the third step, the moved users depends on the chdsen transmission power minus the power for common channel).

andch,. For example, once we decide to mayefrom U E}, TABLE |

to U E¢qcr, We will enlarge the FACH coverage tg, in that SYSTEM SIMULATION PARAMETERS
case, all the users that nearer thagan now hear from FACH,
thus, no matter what user sets they are currently alloctiieg, Parameters Value Parameters Value

need to stay or be inserted in FACH user set. Therefore, onQgode B transmit power 43 dBm  Background noise 100 dBm
we choose a usef, to be moved to FACH set, we need to Power of neighbor cell 37 dBm  Propagation models  Cost 231
first check the user distributions served by the other cHanng Common channel power 30 dBm _ COI's cQli-6

and pick out the users within the enlarged FACH coverage _

to UE4.n. By contraries, once we decide to move users out Three couples of instances (e€33:80u-snn and 3s-80u-ssn)

of UEj4ch, i-. reduce the FACH coverage, in that case, diiave the same multicast groups and traffic load, but service
users farther thaty, within U E .., should be picked out and sz is transmitted as one 128 kbps flow and two 64 kbps flows

moved to the choseoh;. respectively.
In the following example, two steps of hybrid-moves oper- In F2R2M, two fitness landscapés,, and L;,, are defined
ator are conducted, moving,; to z2 then toxys: by neighborhood functiongy and é;. In this paper, we

_ focus on the following properties of a fithess landscape: 1)
wp:(012120457806901011) the distribution of feasible solutions within search spate
Tp2:(010212457806901011) the distribution of fitness space; and 3) the links between
2r3:(010212456780901011) distance anq fitnesses o_f solutions. To perform these asalys

= two populations of solutions$;,,; and .S;, are required.S;,;



2 services, 3-sector Node-Bs, site distance = 3000 m

3 services, 3-sector Node-Bs, site distance = 3000 m

N © s2:128 kbps, (64, 64 kbps); 20 ue

+ s1: 128 kbps, (32, 32, 64 kbps); 30 ue|

Node B1
L4 05

+ s1: 128 kbps, (32, 32, 64 kbps); 30 ue|
o s2:128 kbps, (64, 64 kbps); 20 ue
+ s3: 64 kbsp, (64 kbps); 30 ue

r e

NodeB1,
L4 05

(@) s1,2:2s-50u-sn/ss

(b) $3,4:3s-80u-snn/ssn

3-sector Node-Bs, site distance = 3000 m

+ sl: 128 kbps,(32,32,64 kbps);30ue
o s2:128 kbsp,(64, 64 kbps); 40 ue
+  $3: 64 kbsp,(64 kbps); 30 ue

The statistics otl;,,; shows that the random initial solutions
for both search spaces are homogeneous. But the space of
local optima are different for two landscapes. $p, 1, the
minimum value of 0 indicates that there are same local optima
found from different initial solutions. While i%;, ;,,, no local
optima solution is the same. The quartiles (median, Q1 and
Q3) show the space &f;, 1, is more concentrated thafy, ;.
Therefore, from the population of local optimay,, appears
closer thanZ;,,.

B. Analysis of Fitness Space

The fitness value represents the quality of a solution. Fig-
ure 4 shows the distribution of fitness values%f; and S,
for 3s-100u-snn.

Hybrid-moves Operator _Hybrid-moves Operator Insert Operator Insert Operator

Nbge-B 1

() $5,6:3s-100u-snn/ssn o, 3 ; . E O =
ol 1 ool £y I
Fig. 3. User Distribution of Problem Instances % i o T % P i ol .
g 5000 %m H e § 5000 + gm | !

) o . § 4000 B 8 ; E 4000 + 8
is composed of 600 initial solutions randomly chosen from " o ‘ o & o H H
solution spaces;, is the population of local optima solutions ﬁ 1 T
found by applying hill climbing (HC) taS;,,;. From solution ST T

Thisin) _ Th(slo) Po(sin)  Po(slo) Thsin) _ Th(slo) Po(slo)

x, HC evaluates all the feasible neighborsaofind replaces
x by the neighbor which has the best fithess. HC stops when

all nelghbors are worse than Fig. 4. Comparison of two fithess spaces for 3s-100u-snn

A. Analysis of Search Space

To study the distribution of feasible solutions in each We can observe that the fitness values $f; is well
space, we calculated two kinds of distanek;; and d;, diversified, according to the similarity of the statistiosd;,.;
are the distances among any two solutionsSip; and S;,, for all scenarios (Table 1I), we verify that the random iaiti
respectively. Tables II(b) and ll(a) present the minimuhg t populations are normally distributed. Then, all the fitnes
maximum and the median values (first and third quartile akecal optima for both operators are better than the assatiat
also given) of these distances. random initial solutions.

Moreover, in the first and third subfigures of Figure 4,
the fitness of local optima for two operators are not flat,
actually the quality ofSi, n, is better than that ofS;, iy
(Thiy < Thsy,), the same situation for the other scenarios
are shown in Table Ill, which shows the statistics of solutio

TABLE I
ANALYSIS OF SEARCH SPACE: SOLUTION DISTANCE

(a) Distance between solutions bf,,

dini in Sini,in dlo in Slo,in

, ] _ fitness of local optima in two landscapes, hence gives global
| Min_Medqi,qs Max | Min _Medqiqs Max information about the quality of;, determined by neighbor-
sl 15 625472 109 | 17 625471 108 hood operatorsi; gets many local optima with bad qualities
s 20 G va |20 G 1 that may easily block the search. Therefore, the probgldit
s3 20 645573 116 | 20 645574 116 may easlly _ cht » (né probnidi
s4 26 6656,76 148 | 20 665676 148 obtain the best solution by using; is greater.
sb 10 5344,63 92 12 5445,63 99
s6 21 645573 130 | 19 655576 180 C. Analysis of Links between Distance and Fitness
(b) Distance between solutions &f,,, Step length is the number of moves from an initial solution
scen. | dini in Sio.n dio N Sio s to its associated local optima. In F2R2M, the step length is
cen. Y © oy . . LS
| Min Medqi,qs Max | Min  Medqi,qs Max deflne_d as the. number of implemented operator applications
o 19 623 108 |0 312515 ™ by using hill climbing methoq. _ .
s2 23 645473 121 | o 332246 127 Table IV presents the statistics of the step lengths to find
s3 21 6554,73 115 | 0 4330,57 138 local optima throughhy andd;. Generally,0; moves shorter
Zg gg ggzzi ﬁg 8 222‘9‘42 igg distance than, which may makes; walks nearby the initial
NE 39,8 . . . .
s6 21 645573 129 | o 3823 56 194 solution without exploring to much better solution. Thenref,

L;, seems “shallower” that,,,, which explains that in Table



TABLE Il

ANALYSIS OF FITNESS SPACE

(a) Fitness values ofj, iy,

A Thic) %

A Po(c) w

EY 0 [ 0
com 1© best known solution (hybrid-move)

A Th(c) %

A Po(c) w

c 0

% 0 50 3
dmm to best known solution (insert)

E] o ey 0
dwm to best known solution (insert)

(a) s5:3s-100u-snn

Scenarios Min  Medq1,q3 Max  Mean
s1 Th(C) % 4.5 57552.25,62 69 56.21
PO(C) w 1.5 6.535,03’8,33 18.54 6.44
s Th©% |0 58.7554.62 69.5  10.74
PO(C) w 1.69 6.244_6977_93 16.3 6.44
s3 Th(C) % 37 87.582,92 99 86.61
PO(C) w 2.10 6.564_9678_21 18.96 6.74
s4 Th(C) % 20.5 8883‘5791‘5 99 86.34
Po(c)w | 2.1 6.564.96,8.21 18.96 6.75
s5 Th(C) % | 20.5 8883‘5791‘5 99 86.34
PO(C) w 2.1 6.564_9678_21 18.96 6.75
6 Th(c) % | 15.88 75.8872.64,77.04 82.35 74.4
Po(c) w | 1.37 65.364.82,8.24 18.95 6.65
(b) Fitness values 08, 4y
Scenarios Min  Medq1,q3 Max Mean
s1 Th(c)% | O 00,0 58 1.7
PO(C) w 7.08 14~8912.95,18.18 19.0 15.28
s ThQ% |0 00,0 625  0.94
Po(c) w | 5.81 14.6314.36,15.02 16.58  14.57
s3 Th(C) % | 0 40715 91.5 9.43
PO(C) w 5.543 172915.92,18.79 18.99 17.2
s ThQ% |0 10,2 935 3.8
Po(c) w | 6.38 17.5717.22,17.63 19.0 17.2
s Th© % | 0 102 935 3.8
Po(c) w | 6.38 17.5717.22,17.63 19.0 17.2
s6 Th(C) % 1.76 4-124.12,5.88 78.24 7.29
PO(C) w 5.67 18.3818_25’18_41 18.99 18.11

TABLE IV

STEP LENGTHS OF TWO LANDSCAPES

Scen. |

step length inL;,,

step length inLy,,

| Min  Med Max Mean| Min Med Max Mean
sl 1 7 80 9.70 1 18 57 25.97
s2 1 7.5 126 10.74| 1 21 62 26.93
s3 1 6 85 8.78 2 43 100 42.69
s4 1 7 127 11.1 1 61 114 67.61
sb 1 7 126 894 | 1 195 93 99.88
s6 1 11 181 12.62| 5 105 166 99.88

lI(a) the search space 6, ;, does not concentrate tt&,,; ;..

A The) %
A Po(c) w

- -1
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Fig. 5. Fitness-distance plots with local optima

the best found solution becomes smaller, if fitness diffeeen
is decreased, then search procedure is expected to be easy to
explored.

As the plots in Figure 5 reveal, all local optima are concen-
trated on a small region of the search space. The local optima
found bydy are more closer to the found best solution than the
local optima found by);. When points located in the different
distance from the best found solution, their fitness difiese
are varied, that means both search space are rugged. But in
the search space 6f, the fithess and the distance to the best
found solution of the local optima is less correlated than in

Besides, local search witfy may be faster, since the descenthe search space d@fy. The same situation appears for the
is deeper on landscafg,,. ! ( _
To investigate how the population of local optima is diskin 1S harder thanl,,. Meanwhile, scenarios 1, 2 (6(a) and

tributed in the search space relative to the optimum saiytid®(®)) have higher correlation than in scenarios 5 and 6, that
we present fitness distance scatter plots to of all scenariogndicates the difficulty of search space is increased with th

Figure 5 and Figure 6.

These plots provide the fithess between local optima andThe study of fitness landscape revealed that local optima
the best found solution against their distances. The plaots Ly, are closer to each other than In,, 5 can explore
determines how closely fithess and distance to the nearestjer neighborhood space to achieve better solution dhan
optimum in search space are related. When the distanceTtwerefor Ly, outperformsL;,,.

other instances (Figure 6), hence the problem difficultyhwit

increasing scenario complexity.



TABLE VI
IV. COMPARISONRESULTS PERFORMANCE OF LOCAL SEARCH WITHS; AND 85

To prove the influence of landscape on optimization perfor-

mance, 500 trails of greedy local search is implemented for scen. | F2R2M-in F2R2M-hy
two neighborhood operators on F2R2M. | best | mean | std. | best | mena | std.
s1 4.5% 56.2% 8.12 0% 1.7% 8.18
TABLE V 18.5 6.4 8.12 10.19 | 15.28 2.56
COMPARISON RESULTS WITH CONVENTIONAL APPROACHES
52 0% 57.29% | 7.82 0% 0.94% 6.46
15.58 6.44 2.27 13.06 14.57 0.9
| MPC | DTM | S-FACH | S-MPC | F2R2M-in | F2R2M-hy
s3 25.4% 66.62% | 5.53 0% 7.25% 11.77
sl 65% 28% 4.5% 0% 16.9 6.73 2.29 15 17.12 2.0
0% 0% 10.23 21.51 18.5 10.19
— 5719 30.45 — s4 15.4% 66.42% | 6.73 0% 2.9% 11.26
52 ! : 47% 16% 0% 0% 16.5 6.75 2.45 14.4 17.2 1.23
15.4 18.4 15.58 13.06
s5 36.47% | 74.98% | 4.5337 | 1.76% | 19.57% | 12.61
s3 25.4% 44.6% 25.4% 0% 18.82 6.58 2.3244 | 18.39 18.03 1.5856
0% 0% 26.95 2151 | 16.9 15.0
— 3247 37.68 s6 15.9% 74.4% 7.13 1.76% | 7.29% 11.93
s4 : : 36.2% 47.4% 15.4% 0% 18.12 6.65 2.55 17.5 18.12 1.4
22.63 18.37 16.5 14.4
s5 59.41% 0% 36.47% 1.76%
0% 0% 5.95 31.1 18.82 18.39
—, 37.73 | 37.69 " S S ) I ' .
6 51.18% | 0% 15.9% 1.76% The statistics of fitness values of found solutions are
15.9 31.79 18.12 17.5

— computed in Table VI, which proves the feasibility of all
two-dimensional cost: lost throughput in percentage, power consumption in watts

solutions obtained with F2R2Miy can always offer good
enough solutions: higher QoS with less power consumption
The found best solutions of F2R2M with greedy local sear¢than competing approaches. Besides, the performanég of
are shown in Table V. Competing allocation approaches asebetter thard;, which proves the discussion in section Il that
implemented on the same platform. To prove the advantagejgf has capacity of “jump” from bad solutions, whifg can
layer based channel allocation, we applied MPC for each flamly stay in basins. In Table VII, the average consuming time
(S-MPC). We can observe that when services are transmitteaf search procedure for two operators are both acceptaple,
non-scalable mode, neither MPC nor DTM can obtain feasibdests almost double time than, that is becausé&y can move
solutions. S-FACH solves the power saturation problem &irther thand;.
MPC and DTM for three scenarios. It reduces coverage for
advanced flows hence consuming less power and provides
service coverage (all service can be transmitted). However
in S-FACH, the trade-off between service quality and power

TABLE VII
TIME COST(S) OF F2R2MWITH GREEDY LOCAL SEARCH

is not efficient with fixed coverages. When most users are | F2R2M-in  F2R2M-hy | | F2R2M-in  F2R2M-hy
far from Node B, (e.g.3s-80u) S-FACH achieves power sl | 0.062 0.160 s2 | 0.122 0.259
saturation s3 | 0.18 0.322 s4 | 0.117 0.279
' L s5 | 0.196 0.368 s6 | 0.313 0.773
The results of S-MPC reveal that scalable transmission
costs less power than non-scalable scheme thus has higher
possibility to obtain feasible solution. From the resulfsSe
MPC for 2s-50u-sn/ss or 3s-80u-snn/ssn, with the same user V. CONCLUSION AND PERSPECTIVE
distribution and total traffic load, the scalable transinisof In this paper, we present a mathematical model describing

s2 consumes less power. However, for scenarios having mane allocation of radio resource for simultaneous MBMS
users 8s-100u), S-MPC increases the possibility of poweservices. This model integrates scalable transmissioms an
saturation because it allocates only pure transmissionemaiynamic power setting along with transmit mode selectioa. W
for each flow. propose lexicographic order evaluation criteria to guidkl-s
The F2R2M with local search outperforms the other algdon satisfying two objectives: to achieve the QoS requieet
rithms. For the scenario that could be allocate radio ressur of multicast service and to minimize the power consumption.
properly by the conventional algorithms, F2R2M avoids un- In order to understand the problem behavior differentiated
needed QoS decrease. Comparing with existing algorithnby, the proposed two neighborhood functions, we developed
F2R2M-in with greedy local search can find feasible solugiorthe mathematic solution representation and the distan@e me
with lessTh(c), hence improves the balance between powsurement between two feasible solutions, based on whieh, th
and channel codes. However, with increased complexity fithess landscapes analysis is conducted. The fitness chistan
scenario, the quality of its solution is reduced sifftie(c) is  plot shows both search space are rugged, and this more
higher. While F2R2M-hy found the best solution among aflowerful thand; in terms of escaping from bad solution.
approaches, it always obtain feasible solution with mudls leFollowing by that, comparison simulations are carried oitthw
Po(c) and almost achieve 100% bandwidth requirement. a variety of scenarios. Both operators in our model are dapab
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of producing high quality solutions with a preferable b&lan [6] 3GPP TS 23.246 multimedia broadcast/multicast serfrigems); archi-

between radio resource consumption, service coverage a
service quality. In particular, the hybrid-moves operaable

(7]

to find near optimum solutions a few percent below the best-

found solutions, and the search procedure is sufficient tb fin

the sub-optimal solutions of all problem instances.
However, the quality of solutions with F2R2M based on
greedy local search highly depend on the initial solutian, i [©]

other word, the greedy local search method does not reach the

(8]

best found solution in each trial because the algorithmiterm

nates when it reaches a state where no further improvemgt

can be found. In the future work, we are interested in appglyin
effective metaheuristics to our model (e.g. Tabu search) [ta]
obtain solutions with higher stability.

(1]
(2]

(3]

[4]
(5]
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