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ABSTRACT

We previously proposed an Orthogonal Code Hopping Multiplexing (OCHM) scheme for statistical 

multiplexing on a synchronous downlink. OCHM enables a large number of users to share a limited number of 

code channels through statistical multiplexing. We here improve the performance of OCHM by prioritizing 

encoded symbols according to their importance using both the conventional code division and the previously 

proposed code hopping multiplexing schemes. Prioritization is useful for channel coding schemes with different 

levels of importance for encoded symbols such as turbo-codes. Scheme performance is evaluated by simulation in 

terms of the required Eb/N0 for a 1% block error rate.
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Ⅰ. Introduction

CDMA downlink usually provides synchronous 

transmission among users by maintaining orthogonality 

through orthogonal code sets though it is partially 

impaired by delay spread. This is different from the 

case of uplink where interference is suppressed by 

low cross-correlation of PN(pesudo-noise) sequences. 

Since the number of orthogonal codewords in the 

downlink is generally limited, only a limited 

number of users can be assigned to dedicated 

downlink channels at the same time. In recent 

years, internet traffic has rapidly increased in 

wireless domains. Bursty downlink traffic is 

expected to be dominant in mobile communications. 

Low channel activity due to burstiness results in an 

inefficient use of dedicated code channels and a 

shortage of available channels in the downlink. 

Frequent channel reallocation or shared channel is 

attempted to overcome this inefficiency, but an 

additional signalling load cannot be neglected for 

bursty traffic. Conventional systems cannot avoid 

inefficiency due to complex access mechanisms and 

the signalling load in wireless internet 

environments.

Multi-Scrambling Code (MSC)
[1] for W-CDMA 

and Quasi-Orthogonal Code (QOC)[2] for 

cdma2000 have been recommended in order to 

increase the number of downlink channels. More 

users can be accommodated, but orthogonality is 

lost. Orthogonal code hopping multiplexing 

(OCHM)
[3,4] has been proposed as a new 

multiplexing scheme in which each user uses an 

orthogonal code hopping pattern from a limited 

number of orthogonal codewords, maintaining 

orthogonality symbol by symbol. In other words, 

OCHM does not assign a fixed code channel to a 

downlink user. Rather, an orthogonal code 
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hopping channel is assigned to the user. The 

receiver recovers symbols using the designated 

orthogonal code hopping pattern. Symbols among 

users may collide when they are active and their 

hopping patterns coincide with each other. 

Compensation for these collisions can be achieved 

by channel coding but severe collisions may limit 

the number of allocated users. Numerical results
[3] 

have shown that OCHM allows more users in the 

downlink, compared to existing code division 

multiplexing when channel activity is low.

We applied the OCHM scheme to IS-95 and 

Wideband CDMA (W-CDMA) downlinks and 

compared the OCHM with the High Data Rate 

(HDR) system (1xEV-DO)
[5]. The performance of 

OCHM was also compared with performance of 

the conventional code division multiplexing, herein 

refered to as Orthogonal Code Division 

Multiplexing (OCDM). OCHM can accommodate 

more users with a small degradation in the error 

rate. For example, with an activity factor of 0.1 

and 64 orthogonal code channels in a single-code 

system, the number of allocable channels is 287 

when a perforation probability of 20% is allowed. 

OCHM accommodates four times as many bursty 

data users than the given number of code 

channels under this condition
[3]. We also obtained 

the optimal code rate for a varying traffic load in 

OCHM by simulation and proposed an adaptive 

code rate control scheme
[6]. In addition, hybrid 

channel allocation of OCDM and OCHM
[7] was 

studied. Besides, collision was mitigated by 

log-likelihood ratio conversion[8,9] and frame level 

control
[10]. Later, the capacity of OCHM was 

analyzed[11], and multi-rate traffic was considered[12]. 

Recently, we devised schemes applying 16QAM 

to OCHM systems
[13]. Furthermore, the above 

hopping multiplexing was applied[14] to OFDM air 

interface though it was originally proposed based 

on CDMA. It is natural since key points of the 

proposed hopping multiplexing are statistical 

multiplexing and collision resolution, and the only 

system requirement is that channels are 

orthogonal. In this sense, OFDM is better because 

there is no orthogonality impairment by delay 

spread.

All the schemes we have studied transmit all 

symbols by hopping(OCHM). We have compared 

these schemes with conventional code division 

multiple access(CDMA), herein called Orthogonal 

Code Division Multiplexing OCDM). OCHM can 

accommodate more users by statistical multiplexing. 

However, it suffers symbol collisions and 

degradation in channel coding performance. 

Encoded symbols are better transmitted by OCDM 

from the viewpoint of reliable symbol 

transmission. When a symbol is transmitted by 

OCHM, it is referred to as Hopping Mode(HM). 

Division Mode(DM) is used for OCDM. We 

adopt prioritization and transmit more important 

symbols by OCDM. This policy is useful in 

channel coding schemes with different levels of 

importance for encoded symbols. Turbo-codes
[15] 

can be used for this situation. There are 

systematic bits and parity bits after turbo 

encoding, and the systematic bits are usually 

regarded more important than the parity bits
[16].

This paper is organized as follows: We briefly 

introduce our previously proposed OCHM scheme 

in Section II. New combination of division mode 

and hopping mode is presented in Section III and 

the performance of the proposed scheme is 

evaluated by simulation in terms of the required 

Eb/N0 for a 1% block error rate in the same 

section. Conclusions are presented in Section IV.

Ⅱ. Features of the OCHM Scheme

Several previous studies have analyzed code 

hopping schemes with various purposes in spread 

spectrum systems. Frequency hopping with a 

robust feature to narrow-band interference was 

applied to code hopping changing spreading 

codes
[17]. Code hopping was also used to average 

multiuser interference in the uplink by code 

diversity
[18,19]. It could be exploited to distinguish 

cells[20].

On the other hand, we proposed a multiplexing 

scheme base on orthogonal code hopping, here 

called OCHM and our proposed OCHM
[3,4] can 
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Fig. 1 Transmitter structure for OCHM

accommodate more downlink orthogonal channels 

than the number of orthogonal codewords through 

statistical multiplexing. OCHM does not reduce 

interference. However, it effectively utilizes the 

orthogonal codeword resource in the downlink. 

The number of dedicated orthogonal downlink 

channels in conventional Orthogonal Code 

Division Multiplexing (OCDM)-based systems, like 

IS-95, cannot exceed the number of codewords 

regardless of the downlink channel activity. It is 

also important to increase the use of orthogonal 

codewords within the maximum allowable total 

transmission power of the downlink in a cell. In 

order to increase the number of downlink 

channels, Multi-Scrambling Code (MSC)
[1] for 

W-CDMA and Quasi-Orthogonal Code (QOC)
[2] 

for cdma2000 have been recommended. These 

schemes do not support orthogonality of the 

downlink channels. However, the orthogonality is 

a valuable property of synchronous downlink, and 

OCHM increases the number of downlink 

channels without loss of orthogonality.

OCHM is a statistical multiplexing scheme for 

orthogonal downlink in spread spectrum systems 

based on a direct sequence. Fig.1 shows the 

transmitter structure of the OCHM scheme. It 

contains a hopping pattern generator and 

comparator & controller modules not found in 

conventional transmitters. The hopping pattern 

generator produces hopping patterns for users, and 

the comparator & controller module compares the 

user symbol information with the same hopping 

pattern in order to resolve collision problems. 

Since the OCHM scheme uses a mobile station 

(MS)-specific hopping pattern after an initial 

channel allocation from a base station (BS), 

signalling messages for allocation and 

de-allocation of orthogonal codewords during a 

call are less required for bursty traffic. The 

conventional CDMA (here called OCDM) system 

is a special case of the OCHM system because a 

constant hopping pattern allocated by a base 

station (BS) is the same as the fixed orthogonal 

codeword allocation, as specified in W-CDMA
[1], 

cdma2000
[2], and cdmaOne (IS-95)[21].

The hopping pattern may be based on an MS 
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Fig. 2 MS-specific hopping patterns and collisions in 
OCHM

identifier (ID) using an electronic serial number 

(ESN). Since the number of available codewords 

in orthogonal code for OCHM is limited and the 

hopping patterns are mutually independent, 

orthogonal spreading codewords of two or more 

downlink active (data transmitting) channels may 

be identical at a symbol time (Fig.2). This event 

is called a collision of hopping patterns at that 

time. Encoded symbols with collisions are 

illustrated as double-lined boxes in Fig.2. For 

example, each MS transmits symbols according to 

a hopping pattern (HP). MS#c and MS#g are 

scheduled to send different symbols using the 

same orthogonal codeword OC#N at the nth time 

slot. Thus, their symbols collide.

When there exist collisions among the hopping 

patterns of active downlink channels, a comparator 

and controller at the transmitter of a base station 

(BS) performs one of two operations. First, if at 

least one channel-encoded data symbol is different 

from the others, all data symbols colliding at the 

moment are perforated and are not transmitted. 

The channel decoder of the corresponding MS can 

recover the perforated data symbols of each 

channel if the number of perforated data symbols 

is less than a threshold value. The transmission 

power during the encoded and perforated data 

symbol time is zero for all related channels. 

Second, if all channel encoded data symbols are 

identical, all the data symbols with collisions are 

transmitted without perforation. This situation 

yields an Es/N0 gain at the receiver, referred to as 

synergy. The transmission power during the 

encoded data symbol time for each channel is the 

sum of the assigned transmission powers for all 

related downlink channels, or the maximum power 

among the assigned transmission powers. A high 

perforation probability degrades the performance 

of channel decoding.

For a given perforation probability, the number 

of allocable dedicated downlink channels can 

exceed the number of orthogonal codewords if the 

channel activity is low. The allowable perforation 

(or collision) probability depends on the channel 

coding scheme. A more powerful channel coding 

scheme allows a higher perforation (or collision) 

probability. If the channel activity of downlink 

channels is 0.1 and the allowable perforation 

probability is 20%, then the number of allocable 

downlink dedicated orthogonal channels with 64 

orthogonal codewords is approximately 287
[3].

OCHM in a wide sense includes conventional 

OCDM because OCHM with a constant hopping 

pattern is the same as conventional OCDM. 

OCHM here means OCHM in a narrow sense 

excluding conventional OCDM for brevity's sake 

in this paper.

Ⅲ. Combination of Division and 

Hopping Mode

An encoded symbol can be transmitted through 

either OCHM or OCDM. OCHM can suffer 

symbol collisions and degradation in channel 

coding performance. However, a large number of 

downlink users can be accommodated by OCHM 

statistical multiplexing
[3]. OCHM and OCDM can 

be selectively applied to user symbols depending 

on the importance of the symbols. Herein, OCHM 

is renamed the Hopping Mode (HM) of OCHM 

in a wide sense and OCDM is renamed the 

Division Mode (DM) of OCHM in a wide sense.

DM performs better than HM for encoded 

symbols when neither statistical multiplexing nor 

bandwidth efficiency is considered. DM provides 

higher reliability for transmission of symbols. 

Therefore, priority is given to DM, and more 

important symbols are transmitted by DM. This 

feature is useful in channel coding schemes with 
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different levels of importance for encoded 

symbols.

Turbo-codes[15] can be used for channel coding 

schemes. There are systematic bits and parity bits 

after turbo encoding, and the systematic bits are 

usually regarded more important than the parity 

bits. Therefore, we will apply DM to the 

systematic bits and HM to the parity bits. Fig.3 

illustrates this concept.

Simulation environments are described assuming 

perfect channel estimation, phase equalization, and 

BPSK/QPSK. Wireless channels are also assumed 

to experience either AWGN or independent 

(uncorrelated) Rayleigh fading. No specific code 

hopping patterns are designated and symbol 

perforations occur randomly. Recursive Systematic 

Convolutional-type Parallel Concatenated Convolutional 

Codes(PCCC), which are widely used in the third 

generation wireless communication systems, are 

considered as an encoder. Turbo coding in 3GPP 

specifications is considered with the decoder using 

the Soft Output Viterbi Algorithm (SOVA)
[22]. A 

1% BLER (Block Error Rate)
[23] is assumed as a 

performance measure. The size of an encoder 

block is 1,000 bits and the number of encoder 

blocks used in the simulation is 10,000.

The three types of multiplexing referred to as 

MUX Types I to III can be applied depending on 

the use of DM and HM.

∙MUX Type I: only DM

∙MUX Type II: systematic bits by DM & 

parity bits by HM

∙MUX Type III: only HM

Fig.4 describes the three MUX Types. For 

MUX Type I, only the number of users not 

exceeding the number of code channels can be 

accommodated within the total transmission power 

of the BS. MUX Types II&III typically 

accommodate more users through HM statistical 

multiplexing. Therefore, the comparison is 

accomplished between MUX Types II&III by 

investigating how much SNR (Signal to Noise 

Ratio) gain MUX Type II achieves, compared 

with MUX Type III. The number of orthogonal 

code channels, NOC is 64 and the channel activity, 

ν is 0.1~0.5. MUX Types II cannot accommodate 

more users when only systematic bits occupy all 

the code channels through DM. We assume that a 

user with a code rate of 1/2 occupies a code 

channel resource. Then, MUX Type II can 

accommodate up to 64×(1/2)
-1=128 users. The 

main difference between MUX Types II&III is 

that systematic and parity bits may experience 

perforations in MUX Type III, while only parity 

bits are affected by perforations in MUX Type II.

For the hopping mode of MUX Type II, the 

collision and perforation probabilities are as 

follows:

  





 
 

  






, (1)
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(a) AWGN channels

(b) Independent Rayleigh fading channels

Fig. 5 Required Eb/N0 according to the number of 
users when the user activity is 0.1
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





,  (2)

where M is the number of users and r is the 

code rate. M is given between 64 and 128, and r 

is set to 1/2 or 1/3. The collision and perforation 

probabilities for MUX Type III are as follows:

  



 


,        (3)

  



 


.        (4)

Certainly, the collision(or perforation) probability 

of parity bits of MUX Type II is higher than that 

of MUX Type III since systematic bits of MUX 

Type II experience no collision.

Fig.5 illustrates the required Eb/N0 performance 

for MUX Types II and III for varying the 

number of users when the block error rate 

(BLER) is 1% and the user activity is as low as 

0.1. Solid lines represent the performance of 

MUX Type II and dotted lines indicate the 

performance MUX Type III. In Fig.5(a), the 

curves of MUX Types II and III intersect when 

the number of users is approximately 100 at a 

code rate of 1/2 under AWGN channels. This 

means that the proposed MUX Type II yields 

better performance than MUX Type III for the 

number of users less than 100. The Eb/N0 

degradation of MUX Type II is still acceptable 

whthin 1dB when the number of users is 112. On 

the other hand, two curves meet at 80 users for a 

code rate of 1/3. Since we assume that a user 

with a code rate of 1/2 occupies a code channel 

resource, doubled parity bits with a code rate of 

1/3 cause many collisions especially in the 

hopping mode of MUX Type II. Therefore, the 

performance degradation results for MUX Type II, 

and it will be restored if we assume that a user 

with a code rate of 1/3 occupies a code channel 

resource. Recently, the use of higher code rates 

and aggressive H-ARQ becomes common to 

achieve high spectral efficiency. Then, MUX Type 

II will be better than MUX Type III for much 

higher number of users. We also observe that two 

curves of MUX Type II intersect at 96 users. For 

a small number of users, many parity redundancy 

produces high coding gain and, however, it causes 

many collisions for a large number of users. 

Therefore, high code rate is effective for a large 

number of users and low code rate can be better 

for a small number of users. The best code rate 

can vary according to the number of users. 

Fig.5(b) shows the result in independent Rayleigh 

fading channels. The trend is similar to Fig.5(a).

Performance of MUX Types II and III for 

varying the user activity is illustrated in Fig.6 

when the number of users is 96. The proposed 

MUX Type II is always better than MUX Type 

III for 96 users. In addition, the performance 

difference becomes larger as the user activity 

increases.
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Fig. 6 Required Eb/N0 according to the user activity 
when the number of users is 96

Ⅳ. Conclusions

An orthogonal code hopping multiplexing 

(OCHM) scheme was proposed
[3] as a novel 

statistical multiplexing scheme for orthogonal 

downlink to accommodate more low-activity 

bursty users than the number of orthogonal 

downlink codewords. The Hopping Mode (HM) of 

OCHM enables the system to accommodate more 

users but requires more energy due to symbol 

collisions. Consequently, conventional Division 

Mode(DM) is more reliable for symbol 

transmission than Hopping Mode(HM). This 

prioritization can be applied to channel coding 

schemes with different levels of importance for 

encoded symbols. We propose that the more 

important systematic bits are transmitted by 

Division Mode(DM) and parity bits are 

transmitted by Hopping Mode(HM) in turbo-codes. 

The proposed scheme still enables to 

accommodate more users than the number of code 

channels as the previously proposed OCHM does, 

and yields better Eb/N0 performance.
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