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Abstract—We propose a symbol repetition and power re-
altocation scheme to reduce a collision effect in orthogonal
code hopping multiplexing (OCHM) systems. Each mapped
symbol is repeated N times and an OCHM scheme is applied
for dewnlink transmission. Through repetitions, the perforation
effect is decennralized among the repeated symbols and the full
perfaration probability is significantly reduced. Transmit power
is re-tllocated among the repeated symbols to protect symbols
regardless of the number of perforations in repeated symbols,
Simulation results show that the proposed scheme saves the
required energy by 4dB in independent Rayleigh fading channels
for a firame error rate (FER) value of 1% when the perforation
prohability is 0.25.

[

l. INTRODUCTION

Recentlv. data traffic has rapidly increased in wircless
conuunication svsiems. From this trend, data traffic will be
expected to be dominant in future wireless systems, Data
traffic is inherently bursty and generally exhibits a low channel
activity, Furthermore, there is more downlink traffic than
uplink traffic. Several high speed downlink systems have been
proposed to provide this data traffic in wireless' link.

High speed downlink packet access (HSDPA) has been de-
veloped within 3GPP framework [1]. HSDPA provides down-
link peak data rates up to 10Mbps and significantly reduces
downlink transmission delay. In order to achieve high data rate
transmission. several schemes have been proposed including
adaptive modulation and coding {AMC). hybrid automatic
repeat request (HARQ). fast cell selection (FCS), and multiple-
mput multiple-output (MIMQY} antenna processing.

The cdma2000 IxEV-DO standard [2] provides a bandwidth
cfficient and high-speed wireless data service by supporting
various data rates according to given channel conditions in
both uplink and downlink. The data rate is determined by
using feedback information from the receiver This system
provides onlyv data traffic and uses time division multiplexing

for downlink. Therefore. onc user can receive data at a time, -

Onhogonal frequency division multiplexing (OFDM) is the
mosl promising technique for high-speed data transmission
over frequency selective fading channels. In OFDM systems. a
high-rate data stream is split into lower-rate data streams and
‘these data are transmitted simultaneousty [3]. Through paralle!
transmission over a frequency sclective fading channel. the
cffective svinbol duration becomes long. compared to delay
spread and each subcarrier can be assumed to experience

" flat fading. Recently. many multiple access techniques based
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on OFDM have been proposed including OFDMA. FH-
OFDMA, OFDM-TDMA. MC-CDMA. and OFDM-CDM |[4].
Especially, a variable spreading factor (VSF)-OFCDM scheme
which changes the sprading factor of OFCDM according io
the given cell structure and radio link conditions is verv
attractive [5], [6].

An orthogonal code hopping multiplexing (OCHM) scheme
has been proposed to accommodate more low-activity bursts
users than the number of orthogonal downliink code words [7].
[8]. it utilizes statistical multiplexing for orthogonal downlink
in DS/CDMA systems. Since each user communicates with
base station (BS) through a given orthoganal code hopping pat-
tern (FIP). signaling messages for allocation and de-allocation
of orthogonal codewords are not needed during a session.
HP can be randomly gencrated based on an user specific
number, such as clectronic serial number (ESN). Symbol
collisions occur due to transmission of different symbols
with the same orthogonal codeword during code hopping.
These collisions are called perforations and the corresponding
symbols are not transmitied. These perforations degrade the
svstem performance. On the other hand. if all channel encoded
data symbols spread by the same orthogonal codeword during
code hopping and identical. then all the data symbols with
code collisions can be (ransmitted without perforation. This
cffect is called synergy [7]. The comventional symbel cotlision
mitigation methods use a strong coding gain of turbo codes
or a log-likelihood ratio (LLR) re-computation according to
the perforation probability [9]). In this paper. 'we propose a
syvimbol repetition and power re-atlocation scheme to reduce
the perforation effect in QCHM systems. Simulation results
show that the proposed scheme greatly reduces the perforation
effect and saves the required Ey/Ny for given frame error

rates (FER). This paper is organized as follows: The proposed _ .

QCHM system is introduced in Section II. LLR computation
for symbol repetition is described in Section III. The perfor-
mance of the proposed scheme is evaluated in tenns of the
required Ey/Np for a 1% FER by simulation in Section IV.
Finatly. conclusions are presented in Section V.

II. PROPOSED REPETITION AND POWER RE-ALLOCATION
SCHEME FOR OCHM SYSTEMS
A. Repetition and Power Re-aflocation Mechanism

The OCHM system utilizes a user specific random hopping
pattern to allocate a code channel to a new vser. An orthogonal
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Tig. 2. Swvnergy, perforation, and power allocation in the proposed OCHM
syvstem . -

code hopping pattcrn allocated to a user is independent among
uscrs and may cause a.fropping pattern collision between two
or more users with the same code channel at a specific time
during code hopping. which can be detected by the BS in
dowalink. If the hopping pattern collision occurs. BS compares
user data and determine whether it results in swergy or
perforation. When all the symbols of the users with a colliding
hopping pattern are not the same, a perforation occurs and all
data svinbols collided are not transmitted during the symbol
time [7].

Fig. 1 shows a synergy. perforation, and the power allocation
process in the conventional OCHM system. The petforation
and svnergy occur in Symbols 2 and 4. respectively. The
cnergy of Symbol 4 becomes large due to the synergy ef-
fect. The perforated symbols are removed from the frame in
the comentional! OCHM system, which causes performance
degradation.

Il 2 svmbol is repcated. the same information may exist
in a frame when perforations occur randomly. Fig 2 shows
a svuergy. perforation. and the power allocation process in
the proposed OCHM system using symbol repetitions. Each
svinbol 15 repeated 4 times and the repeated symbols may
be perforated. Svmbols 1 and 2 have two and one perfo-
rations. respectively, Repeated svmbols from Symbol 5 are
all perforated. We define a partial perforation in which the
repeated svimbols are perforated less than the number of
repetitions (e.g. Svinbol 1.2.and 3) and a fufl perforation in
which all repeated svmbols are perforated (e.g. symbol 5). If
a svmbol experiences the partial perforation, the remaining
svimbols are used for decoding the original symbol. However,
il a symbol suffers from the full perforation, the original
symbol can not be recovered without any channel coding

scheme and it causes performance degradation. Note that the
power allocated to Symbol 1 is different from that of Symbol
2. Since two symbols have a different number of perforation
svitbols, the number of remaining svinbols is also different.
We propose to adjust the power level of remaining svmbols to
have the same energy regardless of the number of perforations.
in order to recover the original svmbol at the recciver. Through
this process. we can profect all symbols equallv unless the
symbol experiences a full perforation.

B Hoppr‘ng Partern Collision Probabilitv of the propused
svstems :

The hopping pattern collision probability of the comen-
tional OCHM system can be expressed as:

- K-
Po=1-[1-— !
( ‘Y\(C)C-'> ( )

where & is channel activity, No 15 number of oﬁhogonal
codewords. and A is the number of active users in a cell.
For a given channel activity ©. F. increases as the number of
aclive uscrs increases.

C. Perforation Probability of Encoded Data Svmihols in the
Proposed Scheme

The perforation probability of encoded svinbols in the
conventional QCHM systems is writicn as:

oo i (1 (1-«,-);;)""‘ @
= - :'T{ — T -
! <=0 j\' o
where #; is the probability of medulation symbol + «
{0,1,2,...,s — 1}. For BPSK. there are 2 symbols (s = 2).

The original symbol perforation probability of the proposed
OCHM system using the symbol repetitions can be expressed
as: :

Pon =1 - (1=Fp)" (3)

wliere V is the number of symbol repetitions. The origina
symbol indicates a coded symbol before the symbol repetition
process. Eq. (3) represents the probability that the original
symbol has more than one perforation among N repeated
symbols. .

The partial perforation probability of an original svinbol is
writien as:

» L

N = P(m perforations | NV repetitions)

r r
( ]\] ) (P (1 = PN 7™ 0 < m < N.(4)

n

Eq. (4) has a binomial distribution with an cvent probability
of P,. The partial perforation effect can be mitigated through
the power re-allocation process. as shown in Section 11-A.

The full perforation probability of an original symbol is
given as: .

Pron = (Pa?. (3)

If 2 symbol experiences a full perforation. the symbol cannot
. be recovered at the receiver with anv channel coding scheme
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the proposed OCHAT svstem

and it causes performance degradation. As the mumber of
repetitions increase. the full collision probability significantly
decreases..
The effective number of repeated svmbols in perforation is
wrilien as:
N

Nejjv = Zi'

i=0

NP,

N

(6)

From Eq. (6). the cffective perforation probability of a sym-
bo! (N. ;&7 N) is the same as the symbol perforation prob-
ability in the conventional OCHM systems.

Fig 3 shows the perforation probability of the proposed
OCHM svstem. The perforation probability increases as the
number of active users increases. In this figure, we assume
that the number of repetitions is 4 and the channel activity is
set al 0. 1. The number of orthogonal code channels is 64. The

original symbol perforation probability as noted in Eq. (3) is
" larger than symbol perforation probability of the comventional
OCHM syvstem, but the full perforation probability is much
smaller than for the conventional one. If the number of
active users is 350, the symbol perforation probability is
0.24 in the conventional OCHM system. However. in the
proposed OCHM system, the full perforation probability is
approximately 0.

As the number of symbol repetifions increases, the original
symbol perforatien probability itself increases in the proposed
CCHM systen. but the full perforation probability exponen-
tially decreases as noted before, Fig 4 shows the perforation
probabihity for varying the number of symbol repetitions. In
this figure. we assume that the nwmber of symbol repetitions
varics from 2 to 8. and the channel activity is 0.1. The number
of orthogonal code channels is 64. The dashed lines and
" “dotied lins fepresent the original svinbol perforation probabil-
ity (P;.x) and the full perforation probability (Pyrp ~) of the
repetition scheme, respectively. The solid line shows the per-
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Fig. 4. Perforation probability for varving the number of svimbol repetitions

foration probability of the conventional OCHM system (F,). .
The original symbol perforation probability increases. but the
full perforation probability decreases as the mumber of svmbol
repetitions increases.

If N symbol repetitions are vsed at the transmitter. the data
rate is reduced by 1//V. This is the same data rate as the svsiem
with a N-times larger spreading factor. If we usc a larger
spreading factor. the number of available codewords incrcases
and the perforation probability decreases. For a given data mie
requiring a spreading factor of N, ;. we can choose a spreading
factor of N,r/N with N symbol repetitions or a spreading
factor of N,; with no symbol repetitions. Fig 5 compares the
full perforation probability of the proposed OCHM syvsiem
with the perforation probability of the conventional svstem
with the same data rate. The full perforation probabitity di-
rectly affects the system performance in the proposed OCHM
system because the partial perforation effect can be mitigated
through the power re-allocation scheme. The dotted lines and
sotid lines indicate the full perforation probabilities of the
proposed OCHM systems and the perforation probabilitics of
the conventional OCHM systems with the same data ratc.
respectively. The proposed OCHM system yields lfower per-
foration probabilities than the conventional OCHM system.

ITII. LLR COMPUTATION FOR THE ProPOSED OCHM
SYSTEMS
A soft-input decoder of turbo codes requires a channel
modulator output as a form of likelihood function [10]. [11].
If we transmit = and receive y in conventional BPSK/QPSK.
the LLR is expressed as:

By ey Pl = 1Y)
Hel) = o8 B =)
e Pyl = +1) . Ple =+1)
= g iz ! Sl Tp——y

Liyle) + Lix),

Liylz), for equi — probable symbols (7)
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swatem and the perforation probability of the conventional system with the
sime data rate
i
The LLR for an AWGN channel can be computed as:
(8)

where o7 represents the noise variance. The LLR is propor-
tional to the received symbol amplitude y in AWGN channels.
If the channel experiences fading, the LLR is computed as:

Lly)

where « represents the fading amplitude.

In the proposed QCHM svstem, the modulated symbols are
repeated N times. Therefore, N channel modulator outputs are
combined together to generate an LLR for the corresponding
syvmbol. The probability of ¢ conditioned = in AWGN channels
can be expressed as:

Lizly) =2y

. N
Pyla) H plyle)
i=1

N 1 (g — '1:)2
S (“"“;‘“‘) > 40

where g, is the i-th repeated svinbol and & is the number of
svinbol repetitions. For a BPSK, = is +1 or —~1. We compute
the LLR of the propesed OCHM system using Eq. (10). The
LLR with NV symbol rcpetitions in AWGN channels is written
as: :

N

;d)} Zyi»

=1

Lix|y) = (11)
The LLR s proportional to the suimmation of the repeated
svinbol amplitude. Similarly, the LLR in fading channels is
expressed as:

{=zlg) (12)

2 Z""
ﬁ : Qi
i=1
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where a; is the fading amptlitude of the ¢-th repeated symbol.
Through the symbol repetitions, the diversity gain can be
achieved at the receiver, as shown in Eq. (12). If the fading
is independent between symbols and there are no collisions
among N repeated symbols, then the diversity order reaches
N.

IV. SIMULATION RESULTS

Simulations are performed in both AWGN channels and
Rayleigh fading channels. BPSK modulation is used and turbo
codes are used for a channel encoder. The length of a frame
is 1024 bits and the code rate is 1/3. Turbo coding in 3GPP
specifications is considered with a decoder using a maximum-
a-posteriori (MAP) algorithm with maximum iteration munber
8. Symbol perforations are assumed to occur randomly.

Fig. 6 illustrates the FER performance of the proposed
OCHM system versus Ey/Ng for various levels of perfora-
tion probability in AWGN channels. The number of svmbol
repetitions is 4, The required E},/Ny to meet a given FER
requirement also increases as the perforation probability in-
creases. Fig 6 shows. the FER result in AWGN channels.
The merit of the OCHM system is that it has no control
overhead to allocate or de-allocate channel to users and can
support more users than the maximum number of available
orthogonal channels in the system. However, the perforation
effect degrades the overall system performance including an
increase in the required F5/Ny for a given FER. Therefore.
the design objective for the OCHM systems is to reduce the
additional encrgy to satisfy a given FER performance when
the perforation probability increases.

Fig. 7 shows the FER performance of the proposed OCHM
system using four repetitions for different values of perforation
probability in fading channels. In.this simulation. we assuine
that the channel is an independent Rayleigh fading channel. If
the perforation probability is 30%, the required £} /Ny is about
3.2dB and then additional 3dB energy is nceded. compared
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with that the system with no perforation. The proposed OCCHM
svsicm is appropriate especially for accommodating many
medium- and low-rate data users.

Fig. 8 compares the required £5/Np for an FER require-
ment of 1% between the conventional OCHM system and
the proposed OCHM. svstem. The solid and dotted lines
indicate the performance of the conventional OCHM svstem
and the proposed OCHM system. respectively, The relative
performance improvement in fading channels is larger than
that in AWGN channels due to a diversity effect, even though
the required 1,/ Na in fading channels is generally higher
than that in AWGN channels. When the perforation probability
is 25% . the saved energy from the proposed OCHM system
is 1dB and -1dB in AWGN and independent Rayleigh fading
channels. respectively. As the perforation probability increases,
the performance improvenent also increases.

V. CONCLUSIONS

The QCHM sysiem is a novel statistical multiplexing system
for orthogonal downlink to accommodate more low-activity
bursty users than the number of orthogonal downlink channels.
The performance of OCHM systems is limited by the collision
cffect among svimbois. We proposed a symbol repetition and
power re-allocation scheme that reduces the collision effects
of the conventional OCHM systems. The LLRs for the re-
peated svimbols are computed. Simulation results show that
the proposed OCHM system saves the required energy more,
compared with the conventional OCHM systent. especially. in
independent Ravleigh fading channels.
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