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This article studies the effects of applying convolutional codes to a wideband code-division multiple
access (WCDMA) system that supports multirate users. The system is modeled following the
WCDMA standards and the channel introduces noise, frequency-selective fading, and MAI. Rate
one-half convolutional codes suggested in the third-generation (3G) standards are studied; we find
that the error-correcting capabilities provided by these codes are insufficient for supporting very
high data rate users. Possible solutions to this problem include employing turbo codes or multiple
frequency band transmission.
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1. INTRODUCTION

Third generation (3G) mobile communication sys-
tems will provide enhanced high-speed data, multimedia,
and voice services to mobile users. In a wideband code-
division multiple access (WCDMA) cellular system,
interference level within the cell increases as more users
and higher data rates are supported. The use of either
convolutional codes or turbo codes is suggested in the
3G standards [1].

The work described in Refs. [2, 3] assesses the
impact of convolutional codes on CDMA systems. The
use of turbo codes for obtaining low bit error rate (BER)
for WCDMA systems in frequency-selective channels
has been studied in Ref. [4]. However, the coexistence
of high data rate users in a WCDMA system significantly
increases the impact of interference on the performance
of error correction coding schemes. This article studies of
the effect of applying error correction coding to WCDMA
systems that support multiple users at high data rates.

Section 2 describes the system model. The error
correction coding scheme is explained in section 3. Sec-
tion 4 presents the results for noise and interference condi-
tions and issues faced because of the support for high data
rates. We conclude by pointing to a few possible solutions.

2. SYSTEM MODEL

We developed a simulation model to assess the per-
formance of the coder in a WCDMA system. The trans-
mitter and receiver in the model conform to the WCDMA
standard operating in the frequency division duplex
(FDD) mode [5]. The medium access control (MAC)
layer passes data to the physical layer in the form of
transport block sets. The transport format set defines the
duration of the frame, error detection scheme used, rate
matching, and other physical layer processing to be
applied to the transport channel data [5]. The system
block diagram is shown in Fig. 1. Cyclic redundancy
check (CRC) is added to each of the transport blocks to
provide error detection. The different transport blocks are
concatenated and then code block segmentation is carried
out [1]. After radio frame equalization, the data are inter-
leaved.
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The data are spread using orthogonal variable
spreading factor (OVSF) codes. For uplink transmission
the same spreading code sequence from the OVSF code
set is used. The final raw data rate depends on the length
of the OVSF codes: Lower data rates are associated with
longer spreading codes and higher data rates are associ-
ated with shorter spreading codes [5], yielding different
spreading gains for different data rates. This can be com-
pensated for by transmitting the data spread with shorter
spreading codes with a higher power. The relationship
between the power and data rates for equivalent perfor-
mance at the receiver can be derived. Consider two flows
transmitted at rates R1 and R2 with power P1 and P2,
respectively. The spreading gain associated with the rates
are G1 and G2. To obtain equal performance at the
receiver, the energy per bit after despreading should be
the same:

(1)

However, spreading gain G1 is proportional to spreading
factor SF1, and therefore:

(2)

(3)

Hence, the data from different users are transmitted
at different power levels. Figure 2 shows the BER plot
for different data rate users in the system with different
processing gains and different transmitted power levels.
The BER is almost equal for different spreading factors,
thereby demonstrating the principle outlined in the equa-
tions above. After spreading, the data are multiplied with
a unique signature sequence for better cross-correlation
properties [4].

After spreading and scrambling, the data are trans-
mitted on the wireless channel. Because the chip rate of
WCDMA is very high (3.84 Mcps), multipath can be
resolved most of the time. This means that the signals

P1 /P2 5 SF2 /SF1

P1SF15 P2 SF2

P1G1 5 P2G2

undergo frequency-selective fading, and a rake finger can
be used at the receiver to combine the signals. In addition,
each multipath undergoes Rayleigh fading. Because of
these detrimental effects, the BER for data transmission
on a wireless link can be very high and error correction
schemes are commonly used for reliable transmission.

In a multiuser system such as WCDMA, the BER
depends on both the noise level in the system and the
interference level. Because heterogeneous users are pres-
ent, the interference level depends not only on the number
of users in the system, but also on the data rates of the
users. Following the approach in Ref. [7], the signal-to-
interference and noise ratio (SINR) is given by:

(4)

where Eb is the energy per bit, N is the total number of
users, N0 is the noise power, and SFj is the spreading

SINRi 5
Eb /SFi

N0 1 a
N

j51, j5i
Eb /SFj
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Fig. 1. System block diagram.

Fig. 2. BER for different spreading factors with normalized power.



factor of user j. Hence, the SINR decreases steeply when
a high data rate user (with small spreading factor) is
added to the system, leading to a rapid increase in the
uncoded BER.

3. ERROR CORRECTION CODING SCHEME

For reliable data transmission, error correction cod-
ing can be applied. For the dedicated physical data chan-
nel (DPDCH), the standard specifies that the data can be
either uncoded or coded with any of three coding
schemes: rate one-half convolutional codes, rate one-third
convolutional codes, or turbo codes [1]. In the present
study, the performance of the rate one-half coder shown
in Fig. 3 is studied. The maximum size of the code block
for rate one-half convolutional codes is 504. Eight tail
bits are added to the input sequence to flush the coder.
This gives rise to a coded sequence length of 1024. The
final raw data rate from the transmitter is variable and
depends on the spreading factor. The raw data rate and
the coded data rates for different spreading factors for
rate one-half codes are given in Table I.

4. RESULTS

We simulated the WCDMA system described in the
earlier sections and obtained the BER for uncoded and
coded systems. The uncoded BER is a decreasing function
of the SINR. Having a channel coder in the system will
give coding gain for moderate to low BER. However, if
the uncoded BER is higher than a threshold, the coder
will be ineffective and the BER with coding will be higher
than that for the uncoded scheme. Because the number
of errors in the uncoded system is large, the decoder
continues in the wrong path without merging back to the
correct one.

For a system with only additive white Gaussian noise
(AWGN), the uncoded and coded BERs are given in Fig.
4. As shown, for very low Eb/N0, the BER is lower when
no coding scheme is applied. Figure 5 shows the case of
a predominantly interference-limited case. Users with a
raw data rate of 120 Kbps are considered. As the number
of users increases, SINR decreases and the coded and
uncoded BER increases. At one point, the coded BER
becomes higher than the uncoded BER. From this point
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Fig. 3. Rate one-half convolutional coder [1].

Table I. Data rate calculation for rate 1/2 coder

Final chip No. of Coded bits No. of code Coded bits from Bits to encoder Data rate
rate SF channels per frame blocks encoder 1 trailing zeros Data bits (bps)

38400 256 1 150 1 150 75 67 6700
38400 128 1 300 1 300 150 142 14200
38400 64 1 600 1 600 300 292 29200
38400 32 1 1200 1 1024 512 504 50400
38400 16 1 2400 2 2048 1024 1008 100800
38400 8 1 4800 4 4096 2048 2016 201600
38400 4 1 9600 9 9216 4608 4536 453600
38400 4 2 19200 18 18432 9216 9072 907200
38400 4 3 28800 28 28672 14336 14112 1411200
38400 4 4 38400 37 37888 18944 18648 1864800
38400 4 5 48000 46 47104 23552 23184 2318400
38400 4 6 57600 56 57344 28672 28224 2822400



onward, the additional complexity of a coder does not
yield any coding gain.

In the case when very high data rate users co-exist,
the situation becomes worse. For a data rate of 3.84 Mbps,
the degradation is more rapid. The coded and uncoded
BER are shown in Fig. 6. For a single user, the BER
without coding is on the order of 1023. This is attributed
to multipath fading. However, the convolutional coder is
effective in this case and the coded BER is close to zero.

However, when one more user is added to the cell, the
noise floor increases and the BER without coding will
be on the order of 0.15–0.2. The convolutional coder is
not able to perform well at this BER and this will cause
the coded BER to be higher than the uncoded BER. The
addition of a high data rate user (3.84 Mbps) is equivalent
to adding 32 users having 120 Kbps. Thus, the sudden
degradation of the BER is expected.

5. CONCLUSION

Future wireless systems will have to support multiple
high data rate users, leading to an increase in the interfer-
ence threshold in the system. Because the BER require-
ment for data is much more stringent than that for voice,
powerful channel coding techniques have to be used for
reliable data transmission. From the above results, the use
of a convolutional coder is not sufficient for a WCDMA
system with multiple high data rate users. Some possible
solutions for this problem will be to support multiple
high data rate users in different frequency bands, or use
turbo codes for high data rate users.
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