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ABSTRACT

A new coherent detection scheme with data based channel estimation(DBCE) for CDMA/BP (staggered burst
pilot in parallel) channel structure is proposed. Because the pilot burst initiates DBCE operation periodically, it
is shown to be remarkably stable to Gaussian noise and Doppler shift with proper parameter settings. In our own
system parameter settings, there is a negligible loss (0.068 dB) in EyNp by the introduction of the bust pilot.
When compared with an ideal coherent detection, the required EyN, on Doppler shift corresponding to the speed
of 160 Km/H is degraded less than 2.0 dB. The burst pilot can be implemented without complexity even though
some extra comelators are needed for DBCE. This improvement is superior to the previously coherent CDMA
detectors with external or internal pilot.

1. Introduction approaches to improve the uplink performance in

direct sequence CDMA technology. For the new

As the standardization of 18-95 (1] in digital digital CDMA-based communication systems as in
cellular systemn proceeds, there are many practical PCS, wircless multimedia, and IMT-2000, most of
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the schemes are based on coherent detection
which is evident to show 2-3 dB improvement to
the existing noncoherent uplink even though
up-banded operation of IS-95 is possible [2].
To enable coherent detection, accurate channel
estimation is necessary via fading channel
environment. There are two types of channel
estimation. Type A is to use external wnmodulated
pilot channel in parallel with data modulated
channel [3]-[5]. Type B is to insert pilot symbol
between data streams before spreading, that is, in
serial so that the receiver splits data and pilot
symbol into two streams again [6]-[8].

In [3] of type A, continuous pilot channel is
suppressed with -6 dB power intensity relative to
traffic(data modulated) channel. But still the total
interference from pilots in 4 mobiles consumes 1
traffic channel interference. It is a lot of loss in
channel capacity unless the interference canceller
is used in the receiver.

In [4]-[5] of type A, separate differentially
coded channel is used as a pilot channel in
parallel with traffic channel since it can be
re-coded to remove the modulation data for the
coherent demodulation. The differentially coded
channel also carries data with noncoherent uplink.
This is not complete in the sense of coherent
demodulation.

Recently, type B of pilot symbol aided(PSA)
arrangement for uplink DS-CDMA  communication
is widely accepted in the practical implementation.
It does not require extra correlator to despread
the pilot channel because it uses internal pilot
embedded periodically in the data channel. The
selection of a pair of data and pilot symbol
relates to applied coherent channel estimation and
performance [9].

In type B, compensation after channel
estimation is required to reduce errors in the
detection from imperfect channel estimation
because it is based on periodically inserted pilot
symbol. Two compensation schemes as linear
interpolation and recursive least square (RLS) are
applied in [6] and [8], respectively.

The second order linear interpolation is
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relatively simple, but shows a degradation at the
maximum practical speed. RLS estimation shows
little degradation until practical speed, but requires
complicated computation. That is, computational
complexity and degradation is in opposite
direction.

In this paper, a data based channel estimation
is applied to the CDMA uplink with staggered
burst pilot to combine the simple implementation
and less degradation at the practical maximum
speed in our own system parameter settings. The
staggered burst pilot is of type B. The detailed
features which was presented in [11]-[14] will be
discussed after the performance evaluation.

I. Channel Structure of CDMA Uplink
with Staggered Burst Pilot

Before we discuss channel structure of the
CDMA uplink with staggered burst pilot, we
describe proposed downlink channel structure
which is similar to conventional IS8-95. Table 1
shows signal flow diagram of CDMA/BP
modulation part. The bandwidth of proposed
CDMA/BP is 5 MHz, and we have variable data
rates of 384, 19.2, 9.6, and 4.8 Kbps, which is
spreaded with PN code of 4.096 Mcps chip rate.
The unique feature in CDMA/BP is to put burst
pilot in uplink channel in order to reduce power
of terminal and interference when continuous pilot
is used.

The CDMA downlink has 64 chamnels which
consist of pilot, sync, paging, and traffic channel,
It's bandwidth is 4.096MHz. The convolutional
encoder is applied to information data, whose rate

is -%- and constraint length is 9. After

maintaining 38.4Kbps block interleaving, spreading
PN code modulation with Walsh function, I, Q
spreading with two short pilot PN code, and
quadrature carrier modulation are performed
sequentially, Spreading with long code enables
users to ensure Security.

Figure 1 shows the structure of the downlink
traffic channel. Downlink traffic channel transmits
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Table 1. Signal flow diagram of CDMA/BP modulation part.
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Figure 2 shows the staggered burst pilot
structure proposed in this paper. The proposed
burst pilot " is different from the . previous
approaches. First, the proposed burst pilot is in
parallel with traffic channel, that is, not in
multiplexing of . traffic and pilot channel.
Secondly, during the burst transmission it has
about 6 dB higher power than normal traffic
power and repeats for every super frame interval
(80 ms). Each burst of all mobiles has different
offset relative to the start point of received super
frame as reference and does not last no more
than the next burst in the other mobile so that
they do not overlap each other.

Adjustable in
(10,2040 M5}

.28 g -0.625 ma
-ROMS -40M3

0.625 ms 125 mm
40M5 BOMS

Mabile m| 5. 1024M8 I 5 x 1024MS 5x1024M5] 5% 1024MS I

{80 mx superframe)

1

Burst Offset

Fig 2. Reversed link pilot channel structure with stagged
burst.

Molile n ! . ISXIWMB [SXI024MS [5x]024MS ISXIOZ‘JMSI

Functional block diagram of the proposed
system based on Figure 2 can be described as
follows. The downlink consists of pilot, sync,
paging, and access channels. The down pilot
channel is strong enough to provide clean phase
tracking and used for superframe reference in the
uplink transmission. The sync channel provides
additional message for synchronization as
superframe boundary. Each channel data are
spreaded to 4.096 Mcps(chip per second) by
Walsh sequences. The frame length is 5 ms, and
the super frame is 80 ms since these values are
suitable for the application of the proposed
scheme.

As the pilot channel is discontinuous, we newly
introduce MS(modulation symbol) to describe the
repetitive width of the symbol of the pilot
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channel. The maximum burst duration allowed is
(80ms)/N, where N; is the total number of offset
slots. For Ny;=64, maximum burst duration can be
80 MS where 1 MS is 64 chips. Usually 40 MS
is used.

Figure 3 shows detailed uplink CDMA channel
structure for traffic channel. In uplink traffic
channel, a basic voice frame transmits per 5ms
for 32Kbps ADPCM. We can increase data rate
with 2.5ms for 64Kbps still images and G4 fax.
Thus 160bits per Sms for 32Kbps voice and
160bits per 2.5ms for images and G4 fax can be
transmitted. The voice bit can be varied by 160,
80, 40, 16 bits. The frame quality indicator bits
of 24, 8 are added to 160, 80 bits as in IS-95.
The 38.4Kbps traffic channel can be described.
Regarding the traffic channel of 38.4Kbps,

convolutional encoder output of code rate -%—, and
constraint length 9 is 76.8Ksps. Burst pilot
channel with all zeros are modular 2 added to
Walsh function 0, Then it is transmitted with 6dB
higher power after QPSK modulating. Burst pilot
is transmitted with 10, 20 or 40MS pulse width
at every 80ms. The uplink access channel is
composed of 8Kbps data rate and uses continuous
pilot during access state. Also a detailed uplink
access channel structure is described in Figure 4,
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Fig 3. Uplink CDMA channel structure for traffic channel.
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The width and period of burst pilot is specified
as in Figure 5. I, Q PN code for spreading the
bandwidth with 4.096MHz can be described as
following polynomials.

pr=x"+x%+ 2" +1 6))
po=x + B+l 2+ bt 1 @

The correlation between p;, and po is
sufficiently small and the period is 2'°-1. Thus
we can make the period 2'° by augmenting 0
when 15 subsequent O is occurred as in 18-95.
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Fig 5. A comparison between 1/Q PN sequence and data
rate.

H. Data Based Channel Estimation
(DBCE) Scheme

Each  multipath  component demodulator
(“finger”) has its own pilot sequence tracking
loop. It is started by the time delay estimation of

a given path as determined by pilot's pseudo
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random sequence “searcher’’. The received signal,
2 (m), 9,9 (n) before the despreading can be
represented as follows [10].

yi%(n) = VELAKn) + 2 n) W (n)] @)
a®(m) a(m)cos p(n) + v P(n),

y%(n) = VELALR) +x(m) W (n)] @
ai®(n) a(n) sin g(n) + v P (m),

where E. is the energy per chip, xi(n) is the
data value (*1) during a chip duration, and
Wy(n) is one of Walsh sequences. The index % is
used to indicate that the modulator and signal
generator pertain to the k-th user(mobile) of the
multiple access system. And of?, 4{9 are user
specific sequence and »‘(n), v @(n) are the
contributions of all other (uncorrelated) multi-path
components as well as those of all other users.
Ay(n) is defined as follows.

Ay (N, if » is within the burst "(Nval’
A (n)= &)
0, otherwise

When the burst is  presented and
Aln)=A,#0, the estimate of a(n)cosd(n) and
a(m)sing(n), 2cosd and asind can be obtained
by simply averaging over a number of modulation
symbol(MS), N,, as described below.

(aoosB(D = b 2ot 002 (). ©

(asin o) = mﬂyt‘”(n+r)a:®(n),(7)

where, r is the timing error(correlation
distance). AN, should be as large as possible
without exceeding the period over which
a(n), #(n) remain relatively constant. A, is given
6 dB higher than the traffic channel signal and
N, is assumed 20 times more than the symbol
width », This will ensurc fast and correct
acos'd, asin'g channel estimation for the searcher
operation.

The optimum demodulator forms the weighted,

phase-adjusted, and delay-adjusted sum of L
multipath components. But we consider only
single path component for simple analysis in this
paper. The result for the n-th chip after
multiplication by the quadrature-user-specific
pseudo random sequences is

ym) = V E xn) el n) acos($— §) ®)
+ (v P(n) cos B+ v O(n) sin B)

summing over the specific N chips over which
x(n) is constant (X1), we have

+ 23 P(n) cos B+ v @) 5in D)

On the other hand, o(x) and ¢(x) may vary
during the off-burst region which is the time
interval where the pilot burst doesn’t exists. We
still need to continue channel estimation even
though the pilot burst will not be available in
the off-burst region. But (6) and (7) can not be
applied because A,=0 in the off-burst region. So
we need to devise other method for the channel
estimation.

To cope with this problem, this paper
introduces data based channel estimation(DBCE)
scheme. Once channel estimation is performed as
in (6) and (7), the demodulator component is
available from (9). We introduce the variables, N
and N, which are defined below.

N : the symbol demodulation width measured
by chip unit in the demodulation block.

N, : the accumulation width measured by demo-
dulation symbol - unit in the channel
estimation block.

To estimate the demodulate component, the
next channel estimate is recursively performed as
follows.

N,
oos ¥ = <y 2 e Vi) (S0 n
W(ma ()},
(10)
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asing = VEBTJV ﬂsz}gn Yk(n){ﬁyl.(o)(nir 7

Wi(ma ‘9 (m)].
(11)

where sign(x) = 1 for x>0 and -1 for x< 0.

In (10) and (11), A(n) cormresponds to 1. Thus
N, needs to be A, times larger than the N, in
6) and (7) to keep similar stable channel
estimation. This scheme is robust to noise and
phase error, ¢-— 3, under the proper design
parameters. The proper number of N, will be
analyzed in the next section.

Depending on the arrival of pilot burst, we use
two different channel estimate equation pairs of
(6), (7) and (10), (11). The operation of the
finger can be summarized as the following steps.

Step 1: Wait until the pilot burst arrives. Then
estimate the channel with (3) and 4).

Step 2: Demodulate the signal component with (6).
Step 3: Estimate the channel as follows:

. eq.(6)and(7), if Adn)=A+0
(acos 4, asind) =

eq.(10) and (11), otherwise,

Then repeat to step 2.

Figure 6 shows the block diagram to implement
these operations. The tracking loop can easily
detect the presence of pilot burst. By squared
summing the components in (6) and (7), @ can
be obtained independent of carrier phase differ-
ence ¢. Thus if the o is greater than certain
threshold, it is considered the presence of burst.
So this decision is .easily used in the step 3
implementation. In this scheme, pilot burst with
long period is still important for the following
reasons.

First, it initiates the channel estimation to start
finger operation. The burst pilot based channel
estimation in the tracking loop will overwrite the
estimation based on data. This will help to
continue self recovery from the possible rare loss
of channel estimation within the off-burst region.
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Secondly, the searcher uses the burst pilot to
find multipath components. As it finds stronger
multipath signal, it will assign the portion to the
current finger to participate in the rake receiver
combining,

1)
w9 (n) v L multipatk

[
i
Data I
[
i

Dats based ch, eatimato (10} & (11
WP Wil || eimaor( e 40) & (1)

lex | asing
I

dcosd

___________________________________ Resct

1 -
pilat ch. ::] Burst Pilot Sequence Tracking Loop :Pilm Tared oh. eatimator

"""""""""""""""""""""""" eq.(6) & (7)

Fig 6. Block diagram to implement data based fast channel
estimation. N, can be 10, 20, 30 and 40.

V. The Stability of Data Based
Channel Estimation

The proposed data based channel estimation is
shown to be very stable to Gaussian noise as
shown in Figure 7. It is not affected by the
Gaussian noise in the range of N,=10, 20, 40
and 80. When the mobile moves from the cell
sites with incident angle 6, Doppler shift is given
by fp=w/A- cosf. The maximum estimation error

is given by
¢e=¢—a:27ﬁf0t1v,: (12)

where ¢y is the period of channel estimation.

The phase error ¢, needs to be kept less than
#/2 for the correct data demodulation and
channel estimation. And the received energy of
the demodulated output Y(#) in (6) will be
reduced by cos¢,. For g dB reduced received
powet, the maximum Doppler frequency,  fp,

relates as follows,
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o = —32%19' - cos ~i(10 ~0-4) 'fmrr*A]}:. (13)

— .2
v=c (14)

In the simulation, carrier frequency £, coded
data rate, spreading chip rate are given as 1850
MHz, 64 Kbps, and 4096 Mcps, respectively. In
this case, mobile velocity and maximum Doppler
frequency is related as v (Km/H) = 0.58378 .
Again, Figure 7 shows that DBCE is very stable
to Gaussian noise for the various N,. Here Q(-)
is the theoretical values of BER to E,N,. Figure
8 shows bit error rate(BER) degradation for N, =
20 to E,/N, As thc mobile speed increases up
to practical maximum speed 160 Km/H, the
required E,/N, increased by 2dB compared to the
theoretical values of 0 Km/H marked as ¢ ).
Figure 9 is redrawn from Figure 8 to show the
required E,/N, without error correction to vehicle
speed.

In our system - parameter settings, there is
negligible loss (0.068 dB) in E,/N, by the
introduction of the burst pilot. When compared
with an ideal coherent detection, the simulation
result shows that the required £,/N, on Doppler
shift corresponding to the practical speed of 160
Km/H is degraded less than 2.0 dB. If N, is
given smaller, this degradation at high speed
becomes smaller. This is easily achievable
provided that E,/N, is maintained so that the
probability of channel estimation error is very
small. The two extra correlators in the cell site
can be simply implemented with 1 adder and 1
integer multiplier (small digits, e.g. 4 bit by 4
bit) per correlator without burden. This
implementation is simple even though it requires
extra correlators. The pilot burst is usually stronger
than traffic in the on-burst region which is the
time intetval where the pilot burst exists. It is
remarkable that the extra dynamic range required
in the mobile transmitter can be compensated by
the less required E,/N, for the same BER.

o ©  Na=iD
o-—0  MNe=20

W ] &
Et/NU{B)

Fig 7. BER vs. EyN, for Gaussian noise.

=20
T T

‘9 10

3 i 5

. N
[] T
EbMNX{dB)

Fig 8. BER degradation in N,=20 for mobile speed.

Reactuired EVNO{IBYBER=0.001]
~ [ ©
= i > i 2 in
&
E=3
&
A

=
o

0 20 140 180

—

w i i
Valocity(KmH)

T 40

Fig 9. Required E,/N, vs. speed for N,=20 and 80.
V. Conclusion

This paper proposes a coherent detection
scheme with data based fast channel estimation.
Once the channel estimation is started by
staggered up-link burst pilot, the proposed data
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based channel estimation is shown to be
remarkably stable even to Gaussian noise and
Doppler shifts with proper parameter setup. Even
for a rare loss of data based channel estimation,
the proposed coherent detection scheme has a self
recovery property with the repetitive burst pilot.
This adds more robustness to the proposed
CDMA/BP uplink channel structure. As the
channel  estimate is performed based on the
continuous data, it shows faster stable estimation
than that based on pilot symbol inserted between
data streams.
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