Performance of Multicast MISO-OFDM Systems
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Abstract—In this paper, we evaluate the performance of systems to enhance the performance of wireless systems in
multicast OFDM systems with single and multiple transmit fading channels.

antennas. We have shown that it is possible to increase the . . .
data rate of multicast OFDM systems by selecting the users In [4][5], by assuming that the transmitter knows the in-

with good channel for each subcarrier. For the single transmit Stantaneous channel state information (CSI) of all the users,
antenna case, the resource allocation has been applied using theit has been shown that adaptive subcarrier and bit allocation
two-step algorithm where subcarrier allocation and bit loading  can significantly increase the data rate of broadcast multiuser
are performed separately. For the multiple transmit antennas OFDM scheme. Recently it has been demonstrated that using
case, we have proposed a suboptimal algorithm using a set of . - - . o .
precoding vectors. In this study, we present the simulation results OF_DM with subcarrier and bit allocation, It' is also pO.SSIblle
of the complete transmission chain where we have associatedtO increase the data rate on each subcarrier for multicasting
the resource allocation algorithms with a powerful erasure code. applications by selecting only the users with a good channel
The r_esults show that the proposed algorith_ms outperform _the condition [6]. In [7] we have shown that multicast OFDM sys-
classical worst case algorithm for both single and multiple o5 with multiple transmit antennas also allow to increase the

H 1
fransmit antennas. sum data rate of multicast OFDM systems. Instead of adapting

keywords : Multicast OFDM, multiple transmit antenna : .
: L . . - the rate according to the worst user, we have maximized the
precoding vector optimization, adaptive subcarrier allocatiop, . . . .
sum data rate in order to increase the quantity of received data

erasure code. by all users for a given time. Since this optimization problem
is complex, we have developed a suboptimal algorithm for the
precoding vector, allocation of the subcarriers to the users and
Next generation wireless communication systems will prdeading bits.
vide a wide range of applications with high and time-varying In this paper, we propose to evaluate these algorithms in
bandwidth requirements. Up to now, the main wireless apph- complete transmission chain and error correcting codes
cations are broadcast multiuser systems. However, the dempaded on erasure codes instead of using automatic repeat
for multimedia services such as video and audio conferencingquest (ARQ). Indeed, it is well known that the ARQ strategy
online training, news and software distribution and databasgn quickly overwhelm the system as receivers request for
replication is increasing. For these applications, multicastimgtransmission of lost packets. A solution to this problem is
offers a significant improvement compared to broadcastifg use the fountain concept using erasure codes such as Luby
since it allows the transmission of packets to multiple destin@ransform (LT) [8] [9] or Raptor code [10].

tions using less resources [2]. However, since in the wirelessrpig paper is organized as follows. In section Il, we provide
channel the received signal-to-noise ratio (SNR) of each useheneral description of the proposed transmission chain for
is not the same, the data rate of the multicast stream is limitgg,ticast OFDM systems. Then in section Ill, we describe
by the data rate of the least capable user. Consequently, i two-step suboptimal subcarrier allocation and bit loading
method cannot provide efficient performance when the numbgy the single transmit antenna case. The extension to the
of users in the group increases. ~ multiple transmit antenna case including the precoding vector
The main difficulty in achieving high data rate on the wirepptimization, subcarrier allocation and bit loading algorithms

less channels is known to be frequency selectivity and fadigg given in section IV. Finally, we give simulation results in
due to the existence of multiple paths. Orthogonal frequeng¥ction V.

division multiplexing (OFDM) technigues can significantly

alleviate the impacts of frequency selective fading [2] and is

attractive for the next generation of wireless systems. More- Il. GENERAL DESCRIPTION OF THE PROPOSED
over, multiple-input single-output (MISO) systems that use TRANSMISSION CHAIN

multiple antenna techniques [3] can be combined with OFDM

I. INTRODUCTION

1The work of Didier Le Ruyet and Hajer Khiari is supported by the Pidea The .multicast QFDM SVSte_m fore ugers_ with a single
European project SMART. transmit and receive antenna is shown in Figure 1.



The channel is assumed to be constant over one frame and

Sub . . .
S : = e I varying between the frames considering Doppler frequency.
08— Fountan v s | + | Moreover, it is assumed that the number of channel taps is
codes . . P . .
T equal or smaller than the length of the guard interval (Gl) in
1 ' order to avoid intercarrier and intersymbol interference at the
: Subcarrier Channel receiver.
——————————— =p===9 allocation state . . .
: & Bit loading information Considering that the CSI for all the subcarriers and users
: are known at the transmitter, the adaptive resource allocation
I should optimize the allocation of the users to the subcarrier
1 Sub L .. .
decoded  _____ ’ T o ] and load bits in a way that maximizes the total number of bits
ata | igital acket ‘mbol . . . .
< Fountain || Cemor  fe—] s | - | remove cie received by all the users. Each subcarrier is assigned to a group
s i mappin . . .
- e i < T of users which receive the same data, and then the number of
Ui . . . . . .
" bits on each subcarrier is determined considering the lowest
one among the channel gains of all the users allocated to this
information

subcarrier. It is assumed that the bit allocation information is
Fig. 1. The transmitter ankth receiver structure for multicast OFDM systemtransmitted to each user through a separate control channel.
with one transmit and receive antenna. Let R, be the data rate of theth user andc, , be the
number of bits that are assigned to th#h subcarrier. Here,
) the user index is unnecessary because the users using the
A. Encoding subcarrier receive identical data using the same modulation.
The original source data is first divided in superframes, ,, is selected from the set ¢, 1,2, ..., M} where) is the
composed of K, packets of K; bits. These packets aremaximum number of bits per symbol that can be transmitted
transmitted and the users can reconstruct the original soubgeeach subcarrien = 1,2, ..., N.
data once they have received a sufficient number of encoded’he data rateR, ;, can be expressed as
packets. According to the capacity of erasure channils, N
correctly received packets should be theoretically sufficient in R = Z Conp )
order to decode the superframe &g}, packets assuming that Pk = Pk
K, is long enough. Fountain codes have efficient encodingh ] ) o
and decoding algorithms and allow the recovery of the origin&N€re Pp.k.» is @ binary value indicating whethérth user
superframe from any’, encoded packet with high probability, Utilizes thenth subcarrier or not.

Where K, is just slightly larger than_Kp. In this work, we 1 if the nth subcarrier is used for kth user
will use LT codes [8] that are particularly well adapted to Pp,k,n = 0 else
multicast systems since they can generate encoded packets @)

until all the users have correctly received at lelgtencoded Assuming that available total transmit power (in energy per

Eackistsr. Thi :namv bretr;‘eflt Ofrth's dag)pro?r?h c;?ﬁt?a;td'f:‘ereég bol) is limited byPr, in order to maximize the total data
ECEIVETS can recover the source data using ditierent enco by all users, the optimization problem can be expressed
packets. When a user has receiviy packets it sends an as

acknowledge to the transmitter and consequently the subcarrier K K N
allocation eliminates this user from the set of the receivers maxZprk = maxz Z CpnPpkn 3
until the end of the superframe. The LT code can be seen et P In=1
has an irregular density generator matrix codes. Each encogggject to
packet is generated by performing the bitwise modukum
of d,, source packets. The degrég is chosen from a degree N f(Cpn)pprm
distribution p(d). In this paper, we have considered the robust Z max <||H||2) < Pr (4)
. A . . . . — pk,n
soliton distribution in order to avoid failure of the decoding n=1
[8]. where f(c, ) is the required received power (in energy per
Each encoded packet is labeled and a cyclic redundarsyymbol) for reliable reception of, ,, bits when the channel
check (CRC) is added. gain is equal to unity and{, j ., is the channel gain frorth
o user fornth subcarrier.
B. OFDM transmission For M-ary quadrature amplitude modulation (M-QAM)
Each packet is modulated and sent over one subcarrier. Hobhemes, the bit error probability is upper bounded by the
modulated symbols are combined in OFDM symbols with symbol error probability, which is tightly approximated by
subcarriers and passed through the IFFT. A guard intervi)(\/d?/(2Np)) [11] whered is the minimum distance be-
is added at the beginning of each OFDM symbol and theeen the points in the signal constellation. Since the average
modulated data are transmitted through the frequency selecteergy of a M-QAM symbol is equal ta\/ —1)d? /6, then the
channels. required power (in energy per symbdijc, ) for supporting



cp,n bits per symbol at a required bit-error-rate (BERR)can where v, ,, is the number of users who share thth sub-

be represented by carrier, which is necessary because the incremental power is
No . ) shared by the group of users allocated to the subcarrier.
fepn) = 5 1Q7 /PP ~1) () X
where N, /2 denotes the variance of the additive white Gaus- Upn = pryk,n (11)
sian noise (AWGN) and)(z) = —= [ e /24, k=1

Then, the bit loading algorithm is summarized as follows:
Step 1)Initialization:

i . ) ) ¢p,n = 0 and evaluateA P, ,, (¢ = 0) for all n.
The problem includes the subcarrier allocation and bit Tentative transmit power i€ = 0.

loading. Since, it is very difficult to solve (3) subject to (4),
we will consider a suboptimal two-step approach where theStep 2)Bit loading iteration:

bit allocation problem and the subcarrier allocation assuming Repeat the following unlesg: > Pr
equal power for each subcarrier are separated [6]. Therefore, -
the user data rate should be maximized for each subcarrier.

IIl. SUBCARRIER ALLOCATION AND BIT LOADING FOR
SINGLE TRANSMIT ANTENNA CASE

n* = argmin AP, ,(cp.n)
Pt = P; 4+ AP, pe(cpns )p,ns
A. Subcarrier allocation Cpnr = Cpnx + 1
For each subcarriet: if cpns = M, SBLAP, s (Cpp+) = 00
Step 1)Determination of the number of bits allocated: else evaluateh b - (cp,n-).
Let ¢, x,» be the number of bits that can be received |y, ExTENSION TO THE MULTIPLE TRANSMIT ANTENNA
by thekth user in the case @i, ;. , = 1. The number CASE

of supportable bits is given by The problem includes the precoding vector optimization,

. (P b i llocation and bit loading. Like previously, we will

. 1 Pr subcarrier allocation a g p Y,

» = Min —H,pn |, M 6 . . .

Pk, <f ( N Pk ) ) © separate the bit allocation problem and the subcarrier alloca-

where f~1(.) is the inverse function of () defined tion by assuming equal power for. ee_lch subcarrier. Theref_ore,

in (5). the user data rate should be maximized for each subcarrier.
The channel vector fokth user andnth subcarrier in the

Step 2)Selection of the user that maximizes the sum daftrgquency domain is written by

rate: : T Hp,k,n = [ Hp,k,n,l Hp,k,n,2 o Hpvkan7Nt :|T (12)
Calculate the tentative total data ratg  , when the _ _ _ _

kth user is selected as the user requiring maximutere f; ;. . ; is the channel gain fronjth transmit antenna
power. to kth user fornth subcarrier.

(7) Now, the optimization problem can be expressed as

Ry kn = Up k,nCp,en

. . K K N
whereu,, 1, indicates the number of users who have
’ max R, = max E E Cp.nPpkn (13)

channel gains larger tha#l, ;.. Select the user W, icipm W, icoipp

index x maximizing R, . .. _ =t h=tn=t
_ subject to
K =arg IHIELXR ko N
. f(cp n)ppkn )
max | T~ | < Pr (14)
nz::l k <||WpHp,k,n2
Step 3)Allocation of the users to the subcarrier: whereW,, is the 1l x N, precoding vector.

) In [7], we have proposed to choose the precoding vector
Pokeom Lot Hy ko > Hpson (9) amonga limited set of precoding vectors. This set is composed
o 0 else of the normalized transpose-conjugate of the channel vectors

associated to each user. The selected precoding vector and user

B. Bit Loading Algorithm ) ) L
) , ) i ) i ... allocation will maximize the sum data rate.
Bit loading algorithm is considered using the modified For each subcarriet:

Levin-Campello algorithm [4] [6] under the assumption that

the subcarrier allocation is completed. L&, ,,(c) denote Step L)initializing of the precoding vector:

the incremental power needed for the transmission of one N [y Hiino Hyoon]
additional bit at the subcarrier. When the number of loaded W, = p”’"}’q ’”2" — p"“"Q’ :
bits for thenth subcarrier isc, AP, ,,(c) is given as VIHpinal? + - Hpinn.| (15)
1) — = ey K
AP, (c) = fle+1)— f(e) (10) wherei = 1,2,.., K

UpnHp 1o n



Step 2)Calculation of the gains: typical office environment with9 channel taps. The total
Then, the gain of each user for each initial precodin@FDM symbol duration istus including 0.8us guard inter-
vector is calculated as val. It consists of N = 64 subcarriers. The required BER

init 9 pe = 107* was fixed in order to maximize the data rate.
Gpkin = Wy nHp k| (16) The noise variance and the maximum number of bits per
Letc, ..., be the number of bits that can be receive@ymbol are fixed asVy = 1 and M = 8 respectively. The
by kth user usingth initial precoding vector in the transmitted power is chosen @ = 30 dBW. The packet
case ofp, 1., = 1. The number of supportable bitssize and the number of packets of the superframe are fixed
is given by to 128 bits and K, = 10000 respectively. In this work, we
p choosek, = 11000 in order to perfectly decode the transmit
Cpim = min(f1 (TGp,k,i,n) , M> (17) datathanks to the LT code properties1@bits CRC is applied
N to each encoded packet. We assume that the CSI is updated
every 256 OFDM symbols.
) ) In Figure 2 and Figure 3, we compare the performance

Step 3)Selection of both the precoding vector and the useggts using a single transmit antenna and assuming that the
that maximize the sum data rate: users are symmetrically distributed around the base station
Calculate the tentative total data ral& i When oyt path loss. We observe that the sum data rate of the
the kth user is selected as the user requiring thg,,_sten algorithm increases almost linearly with the number
maximum power for each initial precoding vector. ot ,sers. Compared to the worst case algorithm, the data rate

Ry kim = Up kimCpkin (18) of the two-step algorithm decreases slowly.

In Figure 4 and Figure 5, the two transmit antenna case is
where u, i, indicates the number of users Wha:onsidered. The sum data rate and data rate are plotted versus
have channel gains larger than, ;.. Select the djfferent numbers of users. According to the results, multiple
user index and the precoding vector index antenna case outperforms compared to the worst user case.
maximizing Ry ki, n- The gain increases when the number of user increases.

The multiple transmit antenna case outperform the single
transmit antenna case hp% that is confirmed on the theo-

Then, the precoding vector is chosen as retically results [7]. The proposed algorithm has significantly
higher data rate as the numbers of users increases.

K, 0 = arg max Ry kin (19)
a

Wy = Wiz?,i;,n (20)

VI. CONCLUSION
In this paper, we have evaluated different resource allocation
Step 4)Allocation of the users to the subcarrier: algorithms for multicast application. We have considered a
complete transmission chain including a powerful erasure
1 if Gpron>Gpron code. For single transmit antenna, we have shown that the

Poon = (21) : o
0 else two-step approach improves significantly the performance

] ) ] compared to the worst case algorithm. We have shown that it
A. Bit Loading Algorithm is possible to further increase the sum data rate using multiple
The bit loading algorithm is the same as previously excepansmit antennas and resource allocation algorithms. While
that H,, . , is replaced by G o.n. the proposed solution that includes the precoding vector selec-
tion, the subcarrier allocation and the bit loading is suboptimal,
nevertheless, it is able to extract almost all the gain. The MISO
In this section, we evaluate the data rate and the sum daé&e outperforms the SISO case, the difference in performance
rate of the multicast OFDM systems with single and multiplg particularly large when the number of users is high. This
transmit antennas using tttee proposed algorithnand the algorithm has been developed and performed at a subcarrier
worst user algorithm which is performed choosing the user plvel. However, it can be also applied on clusters of subcarriers

V. SIMULATION RESULTS

least SNR and bit loading. in order to reduce the feedback load.
The data rate and sum data rate are calculated by:
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