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Abstract—tog-likelihood ratio (LLR) conversion schemes are Il. BACKGROUND
proposed to reduce the effect of perforations that occur in orthog- ) ) .
onal code hopping multiplexing (OCHM), which was previously A. Orthogonal Code Hopping Multiplexing (OCHM)

proposed to accommodate more downlink channels than the
number of orthogonal codewords. The proposed LLR conversion OC'_"M [1], [2] was developed to accommodate more
schemes greatly reduce the required signal-to-noise ratio (SNR) downlink orthogonal channels than the number of orthogonal

in channel decoding even when the perforation probability is codewords through statistical multiplexing. The number of
high. The performance of the proposed schemes is evaluated bydegicated orthogonal downlink channels in conventional or-
simulation in terms of the required E;, /Ny for a 1% block error thogonal code-division multiplexing (OCDM)-based systems,
rate. like 1S-95, cannot exceed the number of codewords regardless

Index Terms—bemapping, log-likelihood ratio (LLR), orthog-  of downlink channel activity. It is also important to increase the
onal code hopping multiplexing (OCHM), perforation. use of orthogonal codewords within the maximum allowable
total transmission power of the downlink in a cell. The OCHM
scheme can use a mobile station (MS)-specific hopping pattern
to allocate a user a code channel. Symbol hopping patterns are
independent among users and occasionally cause collisions of

NTERNET traffic in recent years has rapidly increased in@o or more user symbols on the same code channel, which can
wireless domain. Bursty downlink traffic is expected to bee detected by the base station (BS) in downlink. Two or more
dominant in mobile communications in the future. Low channg@lentical symbols on the same code channel can be transmitted
activity due to burstiness results in inefficient use of cod@ the downlink. This situation yields af,/N, gain at the
channels and a shortage of available channels in the downliréceiver refered to asynergy However, two or more different
An orthogonal code hopping multiplexing (OCHM) schemgymbols on the same code channel are perforated without
has been proposed [1], [2] to accommodate more low-activifansmission Perforation usually maps the colliding symbol
bursty users than the number of orthogonal downlink codg the origin in the two-dimensiond+(Q signal space. A high
words. OCHM can cause perforations among symbols, whiplrforation probability degrades the performance of channel
degrade channel decoding performance when the perforatifytoding.
probability is high. We propose nelag-likelihood ratio (LLR)
conversiorschemes that improve the decoding performance j Log-Likelihood Ratio (LLR)
perforation environments.

This paper is organized as follows: We briefly introduce our In @ soft-input decoder, channel demodulator output is gener-
previously proposed OCHM scheme and LLR in Section |plly de-mapped and used as an input value for the decoder. When
New LLR conversion schemes are presented in Section 1l ai§ transmitd and receivey in conventional BPSK/QPSK, the
the performance of the proposed schemes is evaluated by sitddR can be expressed as [3]
lation in terms of the requiredl;, /N, for a 1% block error rate

|I. INTRODUCTION

in Section IV. Conclusions are presented in Section V. L(dJy) =log Pd=+1ly)
P(d = —1Jy)
=log Plyld = +1) + log Pld = +1)
o o o Pyld = -1) P(d=-1)
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Fig. 2. Linear LLR conversion in case of considering perforation.

Fig. 1. Symbol mapping (BPSK). (a) Perforation. (b) Synergy with the 0o | " Conventional: no conversion
H (Piecewise) Linear: sub-optimal
—————— Exact: optimal but complex

lll. LLR CONVERSION FORBPSK/QPSK

Fig. 3. LLR conversion schemes in case of considering perforation.

When OCHM-based downlink experiences collisions among _ .
symbols, transmitted symbols can be located at places differ&gtuation (5) is the approximated LLR for case 1.

from the original locations in thé-@ plane due to perfora-
tions. Perforated symbols are generally placed at the origin of
the plane in the case of BPSK/QPSK. According to changes in
symbol mapping at the transmittét,R conversiorschemes are

log :ﬁ, + % (y+3), Regionl
Lidly) ~ { 0 ., Region I (5)
log 1;11:1, + % (y—3), Regionlil.

proposed at the receiver. LLR conversion improves performantge approximated LLR is a piecewise-linear first-order equa-
by inserting a simple conversion (demapping) function betwe€ign of 4. Approximated LLR conversion is possible when the

channel demodulator output and channel decoder input.

receiver knows thé’, value. However, estimation %, requires

The simplest method to implement perforation is to map th@nsideration as another issue. Similarly, LLR is approximated
colliding symboals to the origin of the plane in data modulatiofor case 2.

Fig. 1(a) illustrates the perforation of data symbols to the origin
in BPSK. If symbols on the same codeword are identical, we can

choose the amplitude of one symblat, 1| [see Fig. 1(a)] or that

of 2 symbols,| £ 2| [see Fig. 1(b)] as the transmitted symbol.
We propose LLR conversion methods to mitigate collisions for

log :"PP + % (y+3), Regionl

2 .

L(dly) ~ { 2, Regionll  (6)
o
10%1%?4‘%(3/_%)’ Region Ill.

the case illustrated in Fig. 1(a), where synergy does not affeciFig. 2 illustrates two cases of piecewise-linear LLR conver-

symbol mapping.
When we transmitl and receivey, (1) is rewritten as (2) for
equi-probable data symbols, considering perforation.

(1= P)P(ylt = +1)+ P, - Pylt = 0)
(1= PPyt = —1) + B, - P(ylt = 0)

y—1)2 o2
(1—P,)exp (— (J%lg) ) + P, exp (—2{7)
(1-P,)exp (—%) + Pyexp (— 21{:2)
wheret is the transmitted symbak, is theperforation proba-

L(dly) =1log

)

=log

bility, ando? = (1/2)(1/(E,/No)) when considering perfora-

sion. It is preferable to erase symbols near the origin for a high
perforation probability in Fig. 2(a). The slope in Region Il of
Fig. 2(b) is the same as the conventional scheme. Region Il ex-
tends as the perforation probability decreases.

In summary, we propose an exact LLR conversion method
[see (2)] and derive a piecewise-linear LLR conversion method
[see (5) and (6)] by approximation in order to reduce the compu-
tational complexity. Fig. 3 illustrates the three LLR conversion
schemes. The piecewise-linear scheme exhibits a performance
similar to the exact conversion scheme.

tion. Equation (2) repre_sen_ts the exact calculation qf LLR fr(_)m IV. NUMERICAL RESULTS
y. However, the equation includes a few exponential function ) ) . .
terms and one logarithmic function. Alternatively, we approx- Simulation environments are described assuming perfect

imate (2) to a simple piecewise-linear function to reduce tifannel estimation, equal gain combining, and BPSK/QPSK.
computational complexity using the following approximation:W're|eSS channels are assumed to experience either AWGN or

Z A;exp(b;) ~ mzax{Ai exp(b;)}. 3

We divide the perforation probabilit§, into two casesto ob-
tain two different conversion graphs (or functions)
casel : P, > —L
F 1—|—cxp1(20%) (4)
: < ———.
case2: P, < (L)

1The same procedure can be applied to the case including Fig. 1(b).

independent (uncorrelated) Rayleigh fading. No specific code
hopping patterns are designated and symbol perforations occur
randomly. Turbo coding in 3GPP specifications is considered
with the decoder using the soft output Viterbi algorithm
(SOVA) [4]. A 1% BLER (Block Error Rate) [5] is assumed as
a performance measure. The size of an encoder block is 1000
bits and the number of encoder blocks used in simulation is
10000. The code rateis 1/4.

Fig. 4 illustrates the requireB; /N, for a 1% BLER versus

2Cases and region boundaries are determined by the shape of convergi}?l perfora_tion probability for the three LLR conversion
graphs and the point where competing exponential functions become equalschemes. Fig. 4(a) and (b) show the performance on AWGN



106 IEEE COMMUNICATIONS LETTERS, VOL. 7, NO. 3, MARCH 2003

Eb/No for 1% BLER under r=1/4 and AWGN ever, they can be supportable in future advanced code-limited
2 ? ? ? ? (p;ecgsvni;'g)nﬂgilg} £  systems. Interference from other users I_imits the maximum re-
______________________________________________________ exact /8 | ceivableE, /Ny (or Ey/Ip) at the MS, which should be larger
than the requiredt;, /Ny. Low activity data traffic (Internet)
will result in a decrease in interference and an increase in the
maximum receivablé;, /N, . Interference can increase as more
users are accommodated through statistical multiplexing of low
activity channels.
Another consideration for future wireless systems is adap-
tive arrays. A multibeam antenna witth beams reduces the
‘ number of interferers by a factor aff [7], and adaptive arrays
% 0.1 02 03 04 0.5 0.6 0. provide limited additional interference suppression. As an ex-
perforation probability, Pp ample, a BS antenna with 8 beams provides interference sup-
@ 4 o pression of 9 dB both on the downlink and the uplink, which in-
0 /N for 1% BLER under r=1/4 and independent Rayleigh fading creases the maximum receivatilg/ N, by 9 dB. If large values
§ f : : (piecomeytional of P, become acceptable, the system can accommodate many
[ L e . exact 7787 : .
25 ; : ; : : : 1 more users. An alternative approach for a highy Ny value is
: : : : : to increase the target BLER from 1% 3o~ 10%, which will
decrease the requirdd, /N, but may cause an increase in delay

and a decrease in throughput due to retransmissions.

Eb/No for 1% BLER

Eb/No for 1% BLER

V. CONCLUSIONS

An orthogonal code hopping multiplexing (OCHM) scheme
has been proposed [1], [2] as a novel statistical multiplexing
0 0.1 02 03 04 05 06 o.  scheme for orthogonal downlink to accommodate more low-ac-

perforation probability, Pp tivity bursty users than the number of orthogonal downlink
. _ ) () codewords. OCHM can cause perforations among symbols,
Fig. 4. RequiredEs /N, for a 1% block error rate. (a) AWGN channels. (b)\yhich degrade the performance of channel decoding when
Independent Rayleigh fading channels. . e .
the perforation probability is high. We propose new LLR

channels and independent Rayleigh fading channels, resp%%r_]versmn.schem(.as that improve the decod!ng performance
n perforation environments. The schemes insert a simple

tively. AWGN channels exhibit slowly varying fading channeld . .
y yvarying d nversion function between channel demodulator output

hile ind dent Rayleigh fadi h Is sh id
whie independent 'saylelgh 1acing channe's snow rapl Qd channel decoder input. We propose two types of LLR

varying fading. The three schemes yield similar performanc nversion function. The proposed schemes reduce the required
hen P, is low. However, the two proposed schemes red ) S . Con
w p IS OW. HOWeEV brop . »/No by up to 10 dB wherP, is high. The piecewise-linear

the requiredt;,/ Ny by up to 10 dB wherr’, is high. The small égdb—optimum) conversion scheme yields performance similar

performance difference between the exact and the propo .  (ODi h d red th tational
piecewise-linear approximation scheme is within 0.3 dB. fp the exac (optimum) scheme, and reduces the computationa

is appropriate to adopt the piecewise-linear LLR conversi(ﬁﬁ)mplex'ty'

scheme forP, > 0.3 andr = 1/4. When the maximum

receivableEy /Ny is limited, the proposed schemes allow a REFERENCES
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