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Experiments on Pilot Symbol-Assisted Coherent
Multistage Interference Canceller for DS-CDMA
Mobile Radio
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Abstract—A three-stage coherent multistage interference can- reverse link performance. Furthermore, in multimedia mobile
celler (COMSIC) employing pilot symbol-assisted (PSA) channel communications offered by, for example, the IMT-2000 system
estimation for replica generation of multiple access interference [5], data rates may vary widely and high rate users may produce

(MAI) is implemented and its performance in the presence of fre- MAI in th link. Emolovi interf
quency selective multipath fading is experimentally evaluated by severe In the reverse link. Employing an interierence

a multipath fading simulator. A fast transmission power control ~ canceller or multiuser detection [6], [7] is a promising method
(TPC) method suitable for COMSIC is also proposed, in which the for decreasing the severe MAI especially from high-data rate
signal-to-interference plus background noise power ratio (SIR) at ysers, thereby significantly reducing the transmission power of
the matched filter (MF) based Rake receiver is measured to achieve e 5 in the reverse link. A multistage interference canceller
a short TPC delay and the target signal-to-interference ratio value . . . - -

is compensated by an outer loop so that the measured block error [8]-{13] 'S, popular and Su'table. for.prac'uf:al implementation
rate (BLER) is equal to the prescribed target value. The experi- because interference suppression is achieved at a reasonable
mental results show that as expected the COMSIC satisfactorily level of complexity. However, in order to apply the multistage
reduces the MAI even when the number of active users is equal to interference canceller to multipath fading environments, where
the spreading factor in a multipath fading environment, and thus, the received phase and amplitude randomly vary, accurate

improves the bit error rate (BER) performance in a multiuser envi- . L - . . .
ronment. The results also show that the proposed fast TPC method channel estimation is required for precise replica generation

with a two-slot delay associated with COMSIC works satisfactorily Of the MAIL. Thus, we proposed the pilot symbol-assisted

and the combination of COMSIC and fast TPC significantly de- (PSA) coherent multistage interference canceller (COMSIC) in
creases the transmission power of a mobile station (required trans- which channel estimation using pilot symbols of each user is
mission power of a mobile station with COMSIC at the average ¢ ,ccessively performed after MAI cancellation at each stage,

BER of 103 is decreased by approximately 2.0 (3.0) dB compared . . . . -
with the MF-based Rake receiver with (without) antenna diver- resulting in the accurate generation of interference replicas

sity reception). This extends the cell coverage, battery life, and in- [11]. It was also reported that the link capacity in an isolated

creases the system capacity in the reverse link. cell is increased by approximately two times that of the
Index Terms—Channel estimation, direct sequence-code division Mmatched filter (MF)-based Rake receiver [13]. Recently, many
multiple access, interference canceller, transmission power con- theoretical analyses have been reported approximating MAI by
trol. Gaussian noise and computer simulation evaluations assuming
ideal chip synchronization except for some studies. In [14] and

I. INTRODUCTION [15], the impact of estimation errors of the resolved path timing

FTER enthusiastic efforts for standardization in thQ" the performance of the decorrelating receiver or minimum

- . . . 1ean square error (MMSE) multiuser receiver are numerically
third-generation partnership project (3GPP) and deverpnalyzed. However, their approaches are based on statistical

gggzgt(\(/)\;_évg&i&;ﬁ] d[gf Cctosmer?]lé?;;?@?g%I\jxlzg\;igur:gga%alysis assuming the additive white Gaussian noise (AWGN)
ust been launched in’Ja 'an in Mav of last vear. In W-CDM hannel, with a near-infinite dynamic range of the received
lall USErs communié:ate sFi)mu,ItaneoBJ/sl in tr>1/e s;';\me freque ségnal representation (note that this assumption is advantageous
band and, hence, multiple access in};erference (MAI)qis t%o an actual interference canceller and multiuser operations).
. ' ' R . . Nevertheless, in a real multipath fading channel, estimation
major cause of transmission impairment [3], [4]. In mobile

S . . . . . .errors of the resolved path timing occur when the received
radio, since the received signal is subjected to multipath fadin . o i
nal level drops with a burst property similar to the decided

ggcé)i;?;nngcé? d?ee?dogrim?o\?; ?(Isz ?r? dbiiascg?)t;vci)rr: (I\gsgi as C\;\;en}t grrors. Thus, the investigation of an interference canceller
P P 9 9 gaﬁlng into account path search, i.e., chip synchronization for

of MAlis often produced, which significantly degrades th(ﬁltered signals in a multipath fading channel is needed aiming

at actual system applications. Furthermore, most studies thus
Manuscript received December 24, 2000; revised August 3, 2001. far have not focused on the effect of the interference canceller
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TABLE | and dummy bits were included to fill the frames completely).
EXPERIMENTAL SYSTEM PARAMETERS Twelve-bit cyclic redundancy check (CRC) parity bits are cal-
culated for the block-wise data bits for convolutional coding.

Chip rat dwidth 1.024 Mcps (1.25 MHz, . . :
1(1;:;_;0:;2 width) 642;: ) After applying the channel coding of a one-third rate convolu-
Information bit tate 32 kbps tional code with a constraint length of 7 bits (its generator poly-
Processing gain 6% 053 nomials are 554, 624, and 764 in octal notation), the coded data
Dota QPSK of 1,152 bits were block interleaved using ax'26-bit inter-
Modulation : leaver. After adding dummy bits, eight pilot bits required for co-
N Spreading QPSK . g y ,e;gntp q
Channel model Equal average power herent channel estimation and TPC bits were time-multiplexed,
L-path Rayleigh fading the coded data sequence was transformed into a QPSK symbol
Channel estimation chame]I;‘slt‘i’;]iyt;‘;g‘zlz‘fssliffjeraging) sequence with 64 ksymbol/s (ks/s). One frame comprised 16
: Convolutional codi —15.k=7, Slots each with the length of 0.625 ms and one slot consisted
Channel coding onvolutional co {ng(l.i » ) X
Soft-decision Viterbi decoding of N, = 4 pilot symbols andV, = 36 coded data symbols
Diversity 2-branch antenna diversity/ including TPC and dummy symbols. The transmission power
: Max. 4-finger Rake diversity of the pilot symbols was set to be identical to that of the coded
Maximum number of stages 3 data symbols. The optimum number of pilot symbols within a

slot, IV,,, was derived from the tradeoff between improving the
channel estimation and decreasing the frame efficiency. The pa-
Therefore, this paper elucidates the effect of a three-stqg@neteer = 4 symbols was optimized by computer simula-

COMSIC employing PSA channel estimation [16]-[20] fokion [18]. The symbol sequence of each data channel was mul-
replica generation of MAI, which we implemented, in fretjplied with an orthogonal-gold sequence with the repetition pe-
quency-selective multipath fading channels by laboratofd of 64 chips and a scrambling code with the repetition pe-
experiments. The implemented PSA-COMSIC (we call simplyod of 24! chips. Therefore, the spreading factor (SF) is 16 and
COMSIC hereafter) receiver has the analog-to-digital (A/Bhe processing gain becom®s = 16 x 0.5 x 3 = 24, where
converter quantization of 8 bits and an automatic gain contiple factor of three is the SF due to convolutional coding. The
(AGC) amplifier with the dynamic range of approximately 7&preading chip rate was 1.024 Mcps. To confine the spread sig-
dB. By using the COMSIC at a base station (BS) receivefals within the bandwidth of 1.25 MHz, a square-root raised
MAI and multipath interference (MPI) in the reverse link ar@osine Nyquist transmission filter with the rolloff factor of 0.22
effectively decreased. However, in an actual cellular systejgs applied before frequency conversion into the carrier fre-
application in a multicell configuration, the combination Oﬁuency of 1990.5 MHz and power amplification.
COMSIC and fast TPC is indispensable in order to decreasq et ,,(¢) and ¢;(t) be the QPSK modulated signal wave-
the interference to other cells, i.e., increase system capacityfdfim and spreading waveform of tkéh user, respectively. They
general, COMSIC accompanies the processing delay beyqid represented ak,(t) = S°°°_ _[exp jon(i)]u(t/T — ©)

1=—00

an interval of several slots especially when the number ghdc, () = S an()u(t/T. — i), wherea,(j) represents
active userskK, is large. Even for the parallel-type COMSIC the random, binary, long scrambling sequence Wiif{(j)| =

in which channel estimation, data decision, and MPI replica, (i) € {mx/2;m = 0 — 3} is the QPSK modulation
generation are performed simultaneously at the same stagBhaseZ” and 7, are the QPSK symbol duration and chip du-
long processing delay proportional to the number of stagesyigtion, respectively,(t) = 1(0) for 0 < ¢ < 1 (otherwise), and
required. Thus, we also propose a SIR measurement baseddast— 77/7. represents the spreading factor. The transmitted
TPC method suitable for COMSIC that can be achieved Wig’bread signauk(t)ck(t), of the kth user propagates through a
a two-slot delay and experimentally investigate the combinggyitipath channel. Assuminky, discrete propagation paths, the
effect of COMSIC and fast TPC. This paper is organized ggceived composite signal® () atbth antenndl < b < 2), is
follows. Section Il describes the experimental receiver witfgpresented as

COMSIC and the fast TPC method for COMSIC. After briefly

describing the experimental configuration, experimental results X Lr

using COMSIC without and with fast TPC are discussed in b

Section Il rO(t) = ; ; & = Ten(t — o) + 00 ()
K Lk

=3 NI - ) + 0O ) (1)

[I. EXPERIMENTAL COMSIC RECEIVER bl io1

A. Received Signal Representation where,ﬁ,ﬁb; (t) and 7 (t) are the complex gain and the time

Before describing the experimental COMSIC receiver, the rdelay of thelth path(1 < | < L) associated with théth
ceived signal representation is given in order to provide a tharser abth antenna, respectiveli( is the number of active users
ough understanding of how the MAI cancellation is performeandn ) (t) is the additive Gaussian noise componeritthatan-
in the receiver. The major radio link parameters used in the denna with one-sided spectral density. It is assumed that
periments are given in Table I. The 32-kbps original data SElL:kl E\&..(t)|? = 2P, whereE[ -] denotes the ensemble av-
guence was first segmented into blocks of 378-bit data (tail biésage and?, is the average received power.
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Fig. 2. COMSIC structure (fobth antenna brancth = 1, 2)).

B. COMSIC Receiver and subtracting operations are implemented by a field pro-
grammable gate array (FPGA), since these operations are
Fig. 1 shows the block diagram of the experimental COMSIgerformed at a high rate, i.e., chip rate. The channel estimation,
receiver. Two-branch antenna diversity reception was used atgaierent Rake combining, i.e., the multiplication of the com-
BS receiver. The frequency-down converted IF signal was liptex conjugate of the estimated channel gain to the despread
early amplified by an AGC amplifier with the dynamic range o§ignal of coded data symbols, tentative data decision, multipli-
approximately 70 dB. Then, the received spread signal at eagltion to the tentative decision data symbols by the estimated
antenna was converted into basebdrehd @ components by channel gain, and reverse-modulating are implemented by a
a quadrature detector. THeand( signals were sampled at thedigital signal processor (DSP). This is because that DSP is
rate of 4x 1.024 MHz (whereN,s = 4 is the over-sampling suitable for adaptive processing required for these operations,
factor) using 8-bit A/D converters in order to alleviate the réin addition that these operations are computed with the lower
quired attenuation performance of analog-type anti-aliasing fflate operation based on the symbol rate.
ters and were filtered by a square-root raised cosine NyquistThe composite signal sample sequence received on each an-
filter. Then, the filtered chip sequences are fed into COMSI&nna was despread using MFs. After despreading, the received
The output data sequence at the COMSIC is de-interleaved aighal powers of all simultaneous active users were measured
soft-decision Viterbi decoded so at to recover the transmittgding both pilot and channel-coded data symbols within a slot.
data sequence. The operation of fast TPC is to be explainedrinthis case, resolved paths having a higher received power
Section II-C. above a prescribed threshold were first selected (a threshold
The block diagrams of the COMSIC and channel estimatiaalue identical to that of the path search for Rake combining
and interference replica generation units (CEIGUs) are showas employed as explained later), and the received signal power
in Figs. 2 and 3, respectively. At each stage in the COMSI@as the summation of the selected paths in squared form. Then,
there are{ CEIGUs [11]. In the CEIGU, despreading achievethe active users were ranked according to the received signal
through the code-synchronized correlators, respreadipmwers at each slot. The ranking operation was implemented
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by the DSP based on a sorting algorithm and it was update 4
at every slot since ranking tracked the instantaneous fadin g,
variations. In each CEIGU, channel estimation, data-decisior g
and replica generation of the MAI are performed for each use
in the order of decreasing power.

Let I,Eb;p) (t) be the generated replica, at thih stage, of the
kth user spread signal which is associated with ihepath

Threshold
A=3dB

Corre

received at théth diversity antenna branch. At each stage, the Vi Noise level
MAI from K — 1 users is subtracted from received composite ¢¢ Delay time
signalr(®)(t). Expressionl " (t) = S, I/ (t) represents  To be Rake combined

the MAI from a higher ranked usefl < » < (k — 1))

and f&b’p_l)(t) = leul f,yj;p_l)(t) represents the MAI Fig. 4. Path search procedure.

from a lower ranked user§k + 1) < « < K). The way

(b,p) p)
I,i"(t) is generated is explained hereafter. Uéf First, the instantaneous power delay profile is measured by co-

be the MF input after subtraction of MAI fronk — ; - :

herently adding the despread signals’\gf pilot symbols be-
interfering users. The MF output of the CEIGU for th8onging to each slot. LefA™ () be the measured instanta-
ith path and thekth user in thepth stage, the OIeSpreaOIneous power delay profile atth slot. Then, using a first-order

(b.p) ; _ N
signal 3, ;" (m, n) attimet = (m + DT + 7i0 + nTuots filter, the average power delay profile is further measured by
which corresponds to thenth symbol in the nth slot ) (1) = pAC=D (1) + (1 — ))A) (1), wherey is the for-

(m =0,1,...,Np + Nooajn = ... = 1,0,1,...), is repre- getting factor. Thatis, as the valueoépproaches 1, the equiva-

sented as ) lent averaging interval becomes longer. In the receiver, we used
3(1, ) AT T e evg M= 0.993 75, this corresponds to averaging over 10 frames
i (m,n) = T T i (et =) (=100 ms interval). While the instantaneous phase and am-

) plitude vary within one slot due to fading, the average power
delay profile shape can be assumed to remain unchanged over

where7y, ; is the estimated time delay of thth path and’« = a 100-ms interval. From the laboratory and field experiments,
(N, + N,)T. Using received pilot symbol (b’p)(m,n)]f,\;’;_ol, the 100-ms measurement interval was found to minimize the
the time varying complex channel gain is estimated for cohereavterage bit error rate (BER) after Rake combining. The time
Rake combining followed by a tentative data decision. delay resolution for the power delay profile measurement was

In an actual propagation channel such as that in vehicular dri4-chip (=244.1 ns =73.2 meters). Paths having a received
vironments, the received power of each path dynamically varipswer above a predetermined threshold, which was set to 3-dB
along with the time delay. Therefore, we must select and updateater than the average power except for the power of four
the paths having a sufficient signal-to-interference ratio (SIR)aths from the largest in the measured power delay profile, were
which effectively contribute to Rake combining. Furthermoreecorded and the strongdst paths were selected for Rake com-
the number of effective paths naturally changes. Conventiormhing (1 < L, < 4). When the number of paths exceeded
code tracking methods such as delay locked-loop (DLL) or tdour, the sources of MAI from the excessive paths beyond four
dither loop (TDL) have a robust feature for tracking one speaievertheless having the lower average received power were not
fied path with a time-invariant power. However, these trackingmoved. However, we already elucidated that the number of
methods cannot track the frequency updating of an effectuiminant paths having an efficient SIR for Rake combining is
path for Rake combining. Therefore, in the paper, the seardess than four based on the field experiments conducted near
of the propagation paths, i.e., the estimation of the time del@gkyo [19]. Thus, it is considered that the impact of the residual
of each path required for Rake combining, is conducted usiMAl from the excessive paths beyond the number of Rake fin-
the block-average power delay profile as follows (see Fig. 4ers is small.
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The tentative decision rule Q/ﬁff))(m, n) is represented as

Re

max
$€ (n7/2m=0,...,3)

b (m,n)

2 ﬁu
SN B (mn)
b=1 I=1 7
x &P (m,n)
exp(—jp+7/4) ¢ (3)

Whereé’,(f;p)(m,n) is the estimated channel gain@f?(m,n)

andRe[-]7 and * denote the real part and the complex conjuga

respectively. The channel estimaggj,;p)(m, n), of thekth user
associated with thé&h path of thenth slot for thebth antenna

437

the transmitted data of usét In the implemented COMSIC
receiver, the sampled data sequences with four times the chip
rate of the baseband (; signals over the duration of one frame
interval, i.e., 16-slot interval, are restored in the memory. The
delay time for one-stage processing of multistage interefer-
ence canceling is two-slot per user (i.e., one-slot interval is
consumed by despreading, coherent channel estimation, Rake
combining, and tentative data decision, and another one-slot
interval is for multiplication of the estimated channel gain
and respreading). This processing delay time is proportional
to the number of simultaneous active users ugtq=SF").
However, the processing time delay can be decreased by using
a much faster clock rate. The inherent time delay is due to
tthe interleaving in the time domain for channel coding and
5’ecoding and this is identical to the MF-based Rake receiver.
We compared the processing complexity of COMSIC to that
of the MF-based Rake receiver based on the number of opera-

branch at theth stage was obtained by coherently averaging th s of complex-valued multiplications (hereafter simply mul-
despread signal @f), pilot symbols belonging to two successivgj,jications). The number of multiplications needed for each

slots as [17] and [18]
Dy [/332’))(7%, n) + B (m,n + 1)}
2N,

p

F(b,p)
K,

(mv 77‘) = .
) " (4)
Using d);f’) (m,n) andg,ﬁj;p)(m,n) the replica of MAI over the
time interval of thenth slot is regenerated as

P () = E8P (0dP (1) en (). 5)

wheredi”(t) = 570 5ot exp(igy” (m))]u(t/T

m). Using the MAI replica, MF input for thé&h path of theith
antenna at theth stage is generated as

k—1 Fu

el =) = DD Lt —4y) forp=1,  (6)
i=1j=1
k-1 Lu
b, 2(b, ~
P =) - [ DS I8P - 5)
i=1 j=1
K Iu .
+ Z Zli(’bj’p_l)(t — ’IA'Z‘J') forp > 2.
i1=k+1 j=1

()

constituent process of COMSIC and that of the MF-based Rake
receiver is listed in Table Il. In each stage except for the final
stage, operations such as inverse-modulation required for de-
cision-feedback channel estimation, multiplication of the esti-
mated channel gain by the decision data symbols, multiplica-
tion of the interference rejection weight, and respreading to re-
generate the MAI replica are added to the operations needed
for the MF-based Rake receiver. Meanwhile, the process of the
final stage is identical to that of the MF-based Rake receiver.
Then, based on the number of multiplications listed in Table I,
we calculated the total number of multiplications per slot of
COMSIC with the number of stages as a parameter and that of
the MF-based Rake receiver in Table Ill. In Table Ill, we as-
sumed thatV, = N, + Ny = 40 symbols,SF = 16, K = 16
codes, and. = 2 paths. The ratio of the relative complexity with
that of the MF-based Rake receiver as a reference is also shown
in parentheses. Table Ill indicates that the complexity of the
three-stage COMSIC is almost five times that of the MF-based
Rake receiver.

C. SIR Based Fast TPC Suitable for COMSIC

SIR-based closed-loop TPC [21] was used as the fast TPC.
The relationship between the required MS transmission power
and the TPC delay was clarified in [19]. To restrict the increase

Since the MAI subtraction and channel estimation operati@n the required MS transmission power within 0.5 dB, the TPC
are performed for each user in the order of decreasing receiflay must be within an interval of several slots. In general,
powers, the accuracy of the channel estimation for lower rankeMSIC accompanies the processing delay beyond an interval
users improves. Furthermore, this successive channel estimatipgeveral slots especially when the number of active ugérs,

for different users is repeated in each canceling stage and thgsarge. Even for the parallel-type COMSIC, in which channel
the accuracy of the channel estimation for the same user igstimation, data decision, and MPI replica generation are

proves at a higher canceling stage.
Expressior¢” (m, n)]=' give the recoverednth QPSK
symbols of K users at the last stage = P. The maximum

performed simultaneously at the same stage, a long processing
delay proportional to the number of stages is required. Thus, it
is almost impossible to realize TPC with a several-slot duration

number of stages of the experimental receiver was threflay when we measure the SIR after interference canceling

ie.,, P
X b,P
(m,n) = 3, 3, B0 (m,n)

3. The last stage O%Jtpl)]t of uséris given by
~(b,P)*
k,l

at the COMSIC output as shown in Fig. 5(a). Therefore, we

(m,n). The sequence propose a SIR measurement based fast TPC method suitable

of Re[ijx(m,n)], lm[ij,(m,n)] is the soft-decision data se-for COMSIC as shown in Fig. 5(b). In the proposed method,

quence corresponding to transmitted coded binary data ahd SIR after Rake combining is measured at the MF-based
is deinterleaved and soft-decision Viterbi decoded to recov@ake combiner output, i.e., before MAI suppression, not at
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TABLE I
NUMBER OF MULTIPLICATIONS IN COMSIC
MF based Rake receiver COMSIC
p-th stage Final stage
Despreading KxN,xN, xSFxL KxN,xN,xSFxL KxN xN, xSFxL -
Channel compensation KxN,xL KxN xL KxNxL
Inverse-modulation KxNxL
Multiplication of channel . KxNxL
Re-spreading KXN xN, xSFxL
Total N KxNxLx(N,,xSF+1) | KxNxLx(2N,;xSF+3) | KxN xLx(N,xSF+1)
TABLE Il
COMPLEXITY COMPARISONSBETWEEN COMSIC AND MF-BASED RAKE RECEIVER
Multiplication Example (Ratio to MF w/o COMSIC)
when K =16, N, =40, N, =4,SF=16,L =2
MF based Rake receiver KXNxLx(N,xSF+1) 8.32 x 104 (1.00)
COMSIC 2 stages KxN;xLx (3N, xSF +4) 2.51 x 10° (3.02)
3 stages KXxN xLX (5N, xSF+7) 4.19x 10% (5.04)
4 stages KxN xLx (7N, x SF+10) 5.86 x 105 (7.04)
Received CRC results Quter loop bining, we apply the SIR measurement method proposed in [22],
S‘g“:al COMSIC >{BLER measurement(-+{ Target SIR contol | in which, first, the SIR on each resolved path is measured and
then, the SIRs of all the resolved paths are summed to obtain
Received signal Inner loop the SI.R (which is (_equivalent to the one at the output of the Ralfe
after MAI canceling combiner). By doing so, an SIR measurement that has less in-
TPC command . . . .
' fluence on the channel estimation error is possible. Therefore,
(a) Conventional we measured the SIR associated with each resolved path and
then summed them to obtain the SIR that corresponds to the
Received SIR after Rake combining. The SIR measurement is summa-
signal CRC results Quter loop rized below. First, signal powe;(n) of thenth slot associated
O > COMSIC »{BLER measurement|—»{ Target SIR contol | \vith the/th path is computed using the received ten symbols in-

cluding N, = 4 pilot symbols. Signal powe?l(b)(n) of Ith path

atoth antenna is given by

Inner loop
TPC command gl(b) (”) = |Bl(b)(n)|2 (8)
(b) Proposed where
Fig. 5. COMSIC with outer loop TPC . (a) Conventional. (b) Proposed. 1 4 )
- N g
5O = 35 | S A e (<7 )
m=1
the COMSIC output. However, the target SIR value of the 10
MF-based Rake combiner output for satisfying the required + Z ﬁl(b)yMF(m’n)eXp(_j(;)l\rIF(m’n))] 9)
quality such as the block error rate (BLER) or BER is different m=5

from that of the COMSIC output since the MAI is sufficiently
suppressed at the COMSIC output. Therefore, the target SiRd ﬁl(b)’MF(m,n) is the resolved path component received
value for SIR measurement at the MF-based Rake combimrthebth antennag™t (m,n) is the tentative decision in the
output is compensated by the outer loop control so that tMF-based Rake receiver on theth symbol of thenth slot.
measured BLER value at the COMSIC output is equal fbhe first term in the square brackets is the contribution from
the prescribed target value. Since the SIR measurementMg pilot symbols with the modulation phase of4 radians.
conducted in the same way an in the MF-based Rake receiviarm ¢™!'(m, n) is obtained in the same way as in (3) for the
fast TPC within a delay of several slots is achieved. data symbols withn = 5-10, nevertheless, it becomes/4
The operation of fast TPC used in the paper is described heradius for pilot symbols with, = 1—4. The instantaneous
after. In this paper, instead of measuring the SIR after Rake coimierference plus background noise power ofithepath athth
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User #0 Scrambling code

antennafl(k), is computed as the squared error of the receiwv — ———
. . : Bit- - al ultipat
four pilot samples and six data samples a0t af Convolutional Ly, tn el PHOU L iapping »é—— fading

encoder insertion (QPSK) simulator

Oy — .
Il (71) - User #1 - Mfggglggth

simulator

10
3 [ ) x5 ) — B )|
1

m=

COMSIC o Recovered
receiver data

(10)

Then,_fl(b)(n) is averaged using a first-order filter with forget-
ting factor~(<1) to obtain

—
TPC command bit

7Oy — 70 [
L7 ()=~ (n 1)+ (1 =)L (n). (11) Fig. 6. Experiment configuration.
The SIR at therth slot associated with thiéh path abth antenna
S\Eb)(n) is given by using the method based on the instantaneous block errors can
approach the target BLER rather than that based on the BLER
Ay = 5 (n) /1Y (n) (12) over H-blocks, the improvement is slight. Thus, we used the

- former method in the experiments.
and finally, the SIR at theth slot, \(n), is obtained as

ho1 I1l. EXPERIMENTAL RESULTS

Aln) = Z Z X;b)(n). (13) The configuration of the experimental system is illustrated in
b=1 I= Fig. 6. The transmitted spreading signals of MSs are fed into an
. , independent multipath fading simulator. In the experiments, we
In the experimenty = 0.99375 was used (i.e., the SIR mea-gmpjoyed hardware multipath fading simulators using the same
surement interval becomey/(1 — v) = 160 slots = 100 apier frequency interface as that of the implemented trans-
ms) so that fast variation due to fading can be sufficiently @Ygjyer in a 2-GHz bandwidth. The shape of the delay profile and
eraged, while shadowing remains unchanged. In the followiRgs time delay of each path are generated independently from
section, we used the signal energy per bit-to-interference pis reference clock timing in the COMSIC receiver. The trans-
background noise spectrum density ratig,/lo) instead of ieq spreading signals of the MSs are fed into an independent
A(n). The B,/ can be expressed usingn) asEv/Io(n) =  myltipath fading simulator. Fading simulators generate multi-
A(n) +101log(3/2) dB since ratet/3 convolutional coding and o signals that follow independehtpath Rayleigh fading
QPSK _daFa modulatlo_n were use_d. Then, the MS controls h average equal power and with the maximum Doppler fre-
transmission power with a step size A, dB slot-by-slot ac- 4yency, 755, The time delay difference between paths was set
cordlng to the TPC bit sent from the BS so that the measurf(;il_ous corresponding to a chip length of 1.0. After suffering
E, /1y is equal to the target value. _ independenL-path Rayleigh fading of p with equal average
In our outer loop control scheme, the tard&f//o iS ON- eceived power and added Gaussian noise, the composite signal
trolled based on the BLER measurement results after soft-g€+aceived at the COMSIC receiver at the BS. The received
cision Viterbi decoding. More concretely, the tardét/ /o iS  timing of the spreading signal from the MSs was asynchronous
compensated as follows, whelprr is the number of block \yithin one data symbol duration. The time delay and channel
errors within the number of total measured blodks, gain associated with each path of all active users were inde-
* WhenMgrr > Mypr, the targetr, / Io is increased by pendently estimated in the experimental results presented in
Aour. Sections 1I-B and 1I-C irrespective of the channel model. In
* WhenMgrr < MLow, the targett, /I, is decreased by the experiment with fast TPC, the TPC delay in the inner loop
Aour- was two slot lengths and the received signal power at each MS
* WhenMrow = Mgrr = Mupp, the target, /I isnot  in the forward link was set to be sufficiently high so that no
compensated; TPC command bit error occurred. Assuming identical received
where Mypp and My oyw are the upper and lower block-errorquality, e.g., BLER or BER, the transmission power is propor-
thresholds, respectively, and identical values were used, it@nal to the symbol rate. Thus, in mixed traffic situations, the
Mrow = Mypp = M. Thus, the targef, /1, value is a con- achievable received quality of low-rate users is more degraded
stant value within each updating interval, i.&;block dura- compared with that of high-rate users since the low-rate users
tion. Another outer loop control scheme based on the instansadffer from severe MAIL. Then, the COMSIC is more effective
neous block error of every block was proposed in [22]. In th&br low-rates users than for high-rate users. Therefore, the aim
method, when block error is detected, the tarBgtl, value of this paper is to elucidate clearly the BER improvement of
is increased bw\;,. and when all coded-data bites within thdow-rate users experiencing severe MAI from high-rate users
block are decoded without errors, it is decreased\py., using who transmit at high power. We measure the BER performance
the asymmetric step size af;,. and A4... However, it was of the low rate desired user, i.&.= 1 to indicate the aforemen-
reported in [22] that although the BLER over the short terioned effect.
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Fig. 7. Average BER performance with the number of stages as a parameter. (a) Without antenna diversity. (b) With antenna diversity.

A. BER Performance Without Fast TPC over-sampled data sequence with four times the chip rate in the

We first investigate the interference suppression effect SkPerimental receiver.
COMSIC independently from the influence of fast TPC. We Figs. 7(a) and (b) shows that the BER performance improves
measured the BER performance of the desired user under 8ethe number of canceling stages, increases; however,
conditions in which there was no fading channel, i.e., AWGRdditional improvement in the performance is small whes
channels were assumed for the other interfering users dudnereased from two to three. Therefore, the use of three-stages
the restriction of hardware fading simulators from Figs. 7-12> = 3) seems to be sufficient. In the case of the MF-based
However, we confirm the validity of this assumption in thdrake receiver, an error floor is observed. However, using the
evaluations of Figs. 13 and 14. The effect of the number Bfree-stage COMSIC receiver, the average BER continuously
canceling stages on the average BER performance is plottedi@¢reases as the averagg/No increases; thek,/No loss
Fig. 7 as a function of average signal energy per informatidfPm the single-user case with antenna diversity (without
bit-to-background noise spectrum density rati@,/N,) antenna diversity) is approximately 1.0 (1.5) dB, respec-
when K = 5 (the link load normalized by SF correspondévely, when K = 5. The degradation of the experimental
21%) without [Fig. 7(a)] and with antenna diversity receptiofesults from the simulation results at the first, second, and
[Fig. 7(b)]. The results of the MF-based Rake receiver are alftird stages are 1.5 (1.0), 1.5(2.0), and 1.5 (2.0) dB with
plotted for comparison. The BER measurement was perform@iithout) antenna diversity reception, respectively. This degra-
on userk = 1 only. The other users were considered as inteflation is considered to be caused by the path search error
fering users. In this measurement, other user signals that wite Rake combining and quantization by A/D converters.
not faded were received with the powers equal to the averdfjethe following experiments, we measured the BER perfor-
power of usetk = 1(Eyx/No = Fy1/No,k = 2,...,K). mance of the three-stages.
The value offp, was 80 Hz which corresponds to a mobile The measured average BER performance with COMSIC is
speed of 43.4 km/h at the carrier frequency of 1.9905 GHglotted with the simultaneous active usefs, as a parameter
The computer simulation results are also plotted for compand as a function of the average receidgd N, in Fig. 8 for no
ison. There are two main differences between the computartenna diversity [Fig. 8(a)] and antenna diversity [Fig. 8(b)].
simulation results and the experimental results. First, in tenonfading channel and equal received signal power as the
simulation results, the amplitudes of transmitted and receivaderage power of the = 1 user were also assumed for the users
signals were not quantized because an almost infinite dynaric= 2,...,K(E, »/No = Ej1/No). The figures show that
range of amplitude is assured. Meanwhile, the band-limitékde BER performance of the COMSIC significantly improves
data sequence in the basebah@} channels were quantizedcompared with that of the MF-based Rake receiver especially
by 8-bit D/A converters in the transmitter and the basebaifar the antenna diversity reception case. Whérs greater than
analogl/@) channels were quantized by 8-bit A/D converter$3, although the error floor occurs and the BER degrades above
associated with the linear AGC amplifier with a dynamid 0 2 for the MF-based Rake receiver, no error floor above*10
range above 70 dB. The second is the assumption of the idisadbserved for the COMSIC for the antenna diversity case. Even
estimation of the time delay of each path; therefore, no bamthen K" = 16, which corresponds to the normalized spreading
limitation is applied in the simulations. However, the timdactor, K/SF, of 100% and normalized processing g&iiF,
delay of each resolved path was actually estimated for th&66.7%, the average BER below 10can be achieved at the
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Fig. 8. Average BER performance with the number of active users as a parameter. (a) Without antenna diversity. (b) With antenna diversity.

10 R T T T T T user. Thus, we investigate the BER performance when the re-
—e— With antenna diversity ceived signal power of the interfering users is much higher than
—o- Without antenna diversity that of the average power of the desired user, which corresponds

8 3“stage ) p to an environment such that high-rate interfering users exist. The
&’:tgﬂ?’;‘g ranking validity of this approximated model is explained as follows. An

MAI replica is generated using the estimated channel gain, ten-
- tative decision data, and estimated time delay of each path for
respreading. Among these three factors, the approximation such
that increasing the transmission power with the same symbol

2 paths, f,= 80Hz
6 - Average BER of 1073

4 - rate has the same effect as high-rate transmission on the estima-
tion of the channel gain and the time delay of each path. This is
because the estimation accuracy of the channel gain and the time

2L 4 delay of each path are determined by the total received power of

the pilot symbols within a slot (note that the channel gain and
ok = Egy fork =2, K time delay were estimated using only pilot symbols). Therefore,
L ( ! ! | this approximation only influences the tentative data decision
0 2 4 6 & 10 12 14 16 results since the SF is different in these two situations. However,
we elucidated by computer simulation that in the generation of
the MAI replica, the influence of the channel gain estimation is
most dominant [11], [13]. It is understood that even when the
FigH 9. Avertage receiveds, /N, degradation from single-user case (nmseBER after Rake combining is near 10 (note that when the
enhancement). required BER after channel decoding is £Q the BER after
Rake combining approaches 14, the impact of the data de-
average received, /Ny per antenna of approximately 14 dBgision error on the MAI replica generation occurs once every
with antenna diversity reception. ten symbols. Therefore, we can equivalently regard the increase
Fig. 9 shows the loss of the required receigg/N, at the in the transmission power of interfering users with the identical
average BER of 10° from that of the single user, which is re-symbol rate as high-rate interfering users.
ferred to as noise enhancement. Experimental conditions weréigs. 10 and 11 plot the BER performance when the received
the same as in Fig. 8. AK is increased, the loss of the required, ,, /N, of the nonfaded interfering usék = 2,...,K)
receivedr, /No from the single-user case increases due to theas greater thar, ; /Ny by 3 dB and 5 dB, respectively.
residual MAI. WhenKk = 9 or 16, however, the loss of the re-Figs. 10(a) and 11(a), and 10(b) and 11(b) show the BER
quired receiveds, /N, at the average BER of 18 from the performance without and with two-branch antenna diversity
single-user case is approximately 2.2 dB or 8 dB, respectivelgception, respectively. The BER performance when the
for the antenna diversity case. received powers of the interfering users are 3 dB greater than
Until now, the received signal power of the interfering userthie average power of the desired user is almost the same in the
has been assumed to be equal to the average power of the desiasé ofE, ,/No = F, 1/No by using the COMSIC (compare

Degradation of required average received E,/N, (dB)
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Fig. 10. Average BER performance when high transmission power users exist. (a) Without antenna diversity. (b) With antenna diversity.
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Fig. 11. Average BER performance when high transmission power users exist. (a) Without antenna diversity. (b) With antenna diversity.

Figs. 10(a) and (b), and Figs. 8(a) and (b). On the other ha@DMSIC is effective in reducing the interference from the high
whenE, ;./No = Ey1/Ngs + 3 dB, the BER performance of transmission power users (high bit rate users).

the MF receiver heavily degrades due to the increased MAI.The BER performance without channel ranking according to
From Fig. 11, even whe#, 5, /Ny = Ebjl/No + 5 dB, almost the received signal level is also shown in Figs. 10 and 11. In
the same BER performance as the casEof /No = E,1/No  this case, it was assumed that the channel estimation using pilot
is observed by using the COMSIC with antenna diversity raymbols, coherent Rake combining, and tentative data decision
ception (the loss of the required receivBg/N, at the average of the desired user was first performed at each stage. Thus, since
BER of 1072 is within 0.5 dB whenkX = 9). When antenna the channel estimation must be performed in a very low SIR
diversity reception is not applied, the BER performance fahannel where the received signal power of all interfering users
E, x/No = Ey1 + 5 dB is slightly degraded compared withare 3 or 5 dB higher than that of the desired user, it is expected
that for £, . No = E,1/No due to the error of the regeneratedhat the BER performance degrades compared with the case
interference replica (the loss of the required recei#gdNy,  with channel ranking due to the error of the regenerated interfer-
at the average BER of I8 is approximately 1.5 dB when ence replica. From the figures, when the number of interfering
K = 9). On the other hand, an error floor is observed at a lousers is high such a& = 9, although the BER performance
BER for the MF-based Rake receiver. We clarified that theith channel ranking improves compared with the case without
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approximately 1.5 dB and 2.0 dB at the average BER 6°10

10 A A A
%Vlthg“‘gi‘?tef{‘)?‘;(d;‘ée“‘% ] for with and without antenna diversity, respectively. It is clear
™ 3 glage ] from the comparison between Figs. 8 and 13 that wifes 5,
10" b P~ *w;anking 4 the achievable BER performance assuming no fading channel
FK=9 . s _ for the interfering users is almost identical to that assuming
Z%{Zﬁ&f{;},c\“ﬁ " a two-path independent Rayleigh fading channel for all the
% 102 Gingle user B interfering users owing to the statistical multiplexing effect
2 o~ Ipath . theoretically based on the central-limit theorem. Furthermore,
@ [IQ0 gpats o this result implies that the channel estimation is satisfactorily
Z2 10 _N;’F 4 paths performed for an interfering channel.

f —o— 1 path The required received, /N, for obtaining the average BER

F 70~ % paihs of 1072 is shown in Fig. 14 as a function gf>. In the same

10* E_EZ)_MgIéathS way as in Fig. 13, the power delay profile of two-discrete paths,

F o | 3atB which were independently subjected to Rayleigh fading, was as-
P g bahs sumed for all users. Since the fast TPC is not applied am-

10° =2 Apafhs | L LNl : creases, the BER performance monotonously improves due to

0 5 10 15 20 the increased interleaving and channel coding effectkKAis

Average received Ey/N, (dB) increased, the BER performance degrades being shifted in par-

allel due to the increasing MAI. It is clearly seen from the figure
that the pilot symbol-assisted channel estimation can track the
fast fading, and the MAI replica is generated properly wiign
channel ranking, this improvement is small. The reason for tigslower than approximately 320 Hz.
is considered to be that the accuracy of the power level ranking ,
degrades a¥ is increased because the received signal powgr BER Performance With Fast TPC
level per slot length of each user must be measured in a lowl) BER Performance as a Function of the Number of Active
SIR channel before interference canceling. WHéns small, Users: We first investigated the effect of successive channel
the effect of power level ranking is not observed since the MAdstimation by computer simulation. Fig. 15 shows the average
is small. BER performance of the three-stage COMSIC with the stage
The measured average BER performance as a function of edex, Pog, when the channel estimation needed for generating
erage receivedr, /N is plotted in Fig. 12 with the number an MAI replica is a parameter and as a function of the average
of multipaths as a parameter. It was assumed Hiat/No = transmitE, /N, of the desired user, where the transiit/ Vo
E,1/No and fp = 80 Hz. The BER performance is plottedis the transmission power per bit normalized by the background
both for the case with and without antenna diversity. The BEfbise spectrum density. For example, whéar was the
performance of the single-user case is also shown for compseeond- stage, the channel gain estimated at the second- stage
ison. For the single-user case, the BER performance improwvess used at the third stage. It was assumed that the same frame
asL isincreased due to the Rake time diversity effect. Howevestructure as the experiment COMSIC transceiver was used and
the improvement fronl. = 3 to 4 is negligible. This is becausethat K = 15, i.e., 14 interfering users with independdnt= 2
the degradation in the channel estimation error due to the geaths Rayleigh fading channel with, = 80 Hz. Fig. 15
creased signal power per path exceeds the improvement causditates that even with the same stages, wHen is the first
by the Rake time diversity effect. For the COMSIC receivestage, the BER performance of COMSIC is degraded compared
almost the same BER performance is obtainedfoe= 2—4. with the that withPog = 3rd stage, i.e., successive channel
The BER of COMSIC significantly improves compared with thestimation. This is because the deteriorated channel gain due
MF-based Rake receiver because it regenerates an MAI replicathe severe MAI estimated at the first stage is employed
for all four-paths and satisfactorily subtracts them from the rat the second and third stages, resulting in the degradation
ceived signal. of the regenerated MAI replica. Although the improvement
So far, the BER performance of the desired user was mdmm Pcr =second stage to third stage is slight, the effect of
sured assuming no fading channel for the other interferimgiccessive channel estimation at each stage is validated. The
users. However, in Fig. 13, the BER performance of the desirsdbsequent results were measured by laboratory experiments
user was measured assuming a two-path independent Rayleiging hardware fading simulators.
fading channel with equal average power for all interfering Next, the measured average BER performance levels with and
users untilK' = 5 (the number of interfering users was four)without antenna diversity reception are plotted in Figs. 16 and
The average received signal power of each interfering uskef, respectively, with the value df as a parameter. The av-
was equal to that of the desired usé#, »/No = E,1/No). erage BER performance without an outer loop is shown as a
It was assumed that, = 80 Hz. Without antenna diversity, function of the targetF; /I, per antenna of fast TPC and av-
an error floor above the average BER of £0is observed erage transmission power of a MS in Figs. 16(a) and 17(a),
due to the MAI for the MF-based Rake receiver. Howeveand 16(b) and 17(b), respectively. The MS transmission power
no error floor is observed for the COMSIC receiver. The lossas normalized by that for achieving the average BER 610
of the required received’, /N, from the single-user case isusing the COMSIC receiver whel§ = 2 and fp = 80 Hz. It

Fig. 12. Effect of the number of multipaths.
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was assumed thdt = 2 and fp = 80 Hz. The performance
with the MF-based Rake receiver is also shown for comparisdif-
Figs. 16(a) and 17(a) show that almost the same BER perfor-
mance is achieved with the MF-based Rake receiver irrespeceased by approximately 1.0 dB compared with the MF-based
tive of K, that is the aggregated interference, since the tardgetke receiver. At the same time, the required MS transmission
E, /Iy is identical. Meanwhile, the average BER performangeower could be decreased by approximately 3.0 dB.
with COMSIC is improved a% is increased because the inter- Comparing Figs. 16 and 17, whéi is large, the improve-
ference that is suppressed is increased. In other words, althoogint in the achieved BER performance with antenna diversity
the MAI from one interfering user is suppressedfor= 2, the reception using COMSIC is decreased compared with the case
MAI from seven interfering users is cancelled flgsr= 8. This without antenna diversity. This is because the accuracy of the
brings about a significant increase in the SIR at the COMSIgenerated MAI replica is degraded mainly due to the increased
output. On the other hand, from Figs. 16(b) and 17(b), the rehannel estimation error caused by the decreased signal power
quired MS transmission power of the MF-based Rake receiyer path. With antenna diversity reception, the required average
is evidently increased as, i.e., MAI, is increased so as to sat-MS transmission power (targét, /1,) with COMSIC for satis-
isfy the targett, /I, value. WhenkK = 6, the required target fying the average BER of 1T is decreased by approximately
E, /1, with COMSIC for the average BER of 16 could be de- 2.0 (0.5) dB compared with the MF-based Rake receiver. We

15. Effect of successive channel estimation.
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E,/I,. (b) Average BER as a function of average mobile transmission power.

emphasize that the results show that the fast TPC with a two-sbeasily calculated from these two values. The receigd,
delay associated with COMSIC works satisfactorily. value (note that the background noise power spectrum density

The link capacity is defined as the number of users who canincluded iniy) is derived from the relation as
achieve the required BER performance (or total data rate when
the data rate of each user is different). Since the average BER

is a function of the average SIR or averagg/ I, the link ca- L, /Iy = E, /{% + NO}
pacity is calculated using the averafg/I, required for ob- .
taining the required average BER. In the experiments, the trans- (K —1/2)

mission power is normalized by that of the MF-based Rake re-
ceiver for a single-user cag& = 1). The measured;, and
Ny values at the reference transmission power (i.e., 0 dB) were
—137.4 dBm/bit/antenna (note that the insertion loss of pilethere the factor ofl/2 denotes the multipath interference of
symbols is included inE,) and —140 dBm/Hz, respectively. the user's own channel since a two-path channel with equal
Thus, the received averadg /N, at each transmission poweraverage power is assumed. When the background noise can

Sk

(L B
No

(14)
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Fig. 18. Effect of FER averaging time on outer loop TPC (with antenna diversity). (a) BLER, BER, andHaydet (b) Average mobile transmission power.

be ignored, even if the transmission powers of all active useeceiver whenk = 2 and f, = 80 Hz. Threshold value
become half the original transmission powers, the receivéd of the CRC results for controlling the outer loop control
E, /Iy is identical. However, in an actual system, the backvas set ta\/ = [1,4, 8] for the averaging interval for BLER
ground noise cannot be ignored. Even in an interference-limiteteasurementf = [250, 500, 1000]. The figures clearly show
channel, where the background noise is ignored, the impd#cat the measured BLER is precisely controlled to the target
of the background noise is clearly evident at the COMSIBLER value over the wide range g%, from 10 to 500 Hz. It
output. Thus, since the transmission power, i.e., the receiviedalso evident that the measured BER is also maintained to
E, /Ny is decreased, the receive@, /I, is decreased [it is an almost constant value over the same change&,inThe
clear from (14)]. Fig. 17 also elucidates that wh€n= 8, the required targetZ; /I, using COMSIC could be decreased
transmission power of a MS using COMSIC at the average BEHR approximately 1.0 dB at maximum compared with the
of 10~* is decreased by approximately 3 dB compared witkiF-based Rake receiver with antenna diversity reception when
that of the MF-based Rake receiver, thereby the tafggtl, H = 1000 due to the interference suppression of COMSIC.
at the identical BER is reduced by approximately 1.0 dB. Thisrom Fig. 18(a), the targef, /I, varies with the variation of
indicates that the receivel, / I before interference cancelingapproximately 2 dB over the identical range . The target
is decreased by approximately 1.0 dB by employing COMSIE, /I, was firstincreased as tlfg, increased up to nearly 80 Hz
compared with the MF-based Rake receiver because thee to the degradation of tracking performance of fast TPC. As
L, /1, for fast TPC is measured at the MF output, i.e., beforgs is increased further, the targel /I, is decreased since the
interference canceling, in our fast TPC method. Consequenttirannel coding worked well due to the increasing interleaving
COMSIC is effective in accommodating a large number afffect. However, the targdf, /I, is again increased whefy,
active users with the required quality, that is, in increasing lirik greater than 200—-300 Hz since the channel estimation with
capacity. In other words, it is beneficial to extend cell coveragglot symbols could not track the fast fading variations. As
while maintaining the same capacity. H is increased, the targdt, /I, for achieving the identical
2) Performance With Outer Loop Control: BLER is decreased because the measurement accuracy of the
a) Influence of averaging period for BLER measureBLER value is improved. We used the value #f = 1000
ment: We first investigated the influence of the averagin@ the following evaluations since the measured tadgti,
interval for BLER measurement on the performance whesmlues were saturated At = 1000. Fig. 18(b) shows that the
fast TPC with outer loop control is applied. Hereafter, in theequired average MS transmission power with COMSIC is
evaluations using outer loop, we set the target average BLEBRproximately 0.8 dB lower than the case with the MF-based
to 1072, The BLER was calculated oved blocks (thus,H Rake receiver with antenna diversity reception.
frames in the paper). The threshold valié, which was the ~ We also confirmed by experiments that the optimum param-
number of block errors the CRC results indicated o¥&r eters in SIR-based fast TPC are identical both in the COMSIC
blocks, was experimentally optimized so that the average BLERd the MF-based Rake receivers. This is explained as follows.
became almost I overall for the 5, region. The average In our proposed fast TPC method, the SIR is measured at the
BLER, BER, and targek, /I, performance levels with antennaMF output before MAI canceling to eliminate the impact of
diversity reception as a function ¢f, are plotted in Fig. 18(a) the successive processing delay in COMSIC employing target
with A;, = 1.0 dB andA,,; = 0.5 dB. Fig. 18(b) shows FE, /I, compensation with outer-loop control. Therefore, the sta-
the average relative MS transmission power with the sartistical property of the MAI for the SIR measurement is en-
conditions. The MS transmission power was normalized hiyely identical for both the COMSIC and the MF-based Rake
that for achieving the average BER of TOusing the COMSIC receivers. In other words, the robustness for the proposed fast
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TPC method that is appropriate for COMSIC is the same as tl@go indicates that the required MS transmission power with
in the MF-based Rake receiver. Ay = 0.5 dB is decreased by approximately 0.2—0.5 dB com-
b) Influence of step size of outer loak,.: Fig. 19(a) pared with the case with,,; = 1.0 dB with antenna diversity
and (b) shows the measured average BLER, BER, and targgeption.
E, /I, performance, and average MS transmission power per- c¢) Influence of step size of inner lody,;: The measured
formance, respectively, with antenna diversity reception whemerage BLER, BER, and targgt / Iy with the inner-loop step
Aoy Was 0.5 or 1.0 dB with the targ&LER = 10 2. It was size ofA;, as a parameter without antenna diversity reception
assumed thaf\;, = 1.0 dB andH = 1000. The threshold are shown in Fig. 20(a), and the corresponding average MS
value of M was set tg7,7]. It is found from Fig. 19(a) that transmission power is also plotted in Fig. 20(b), respectively,
the variations of the measured BLER according to the changéh antenna diversity reception. Three types of inner loop con-
in fp increased withA,; = 1.0 dB compared with the casetrols were evaluated: two-step df;,, = 0.5 dB and 1.0 dB,
with A,x = 0.5 dB. Furthermore, the fluctuation of the con-and three-step ofA;;, = 0 and 1.0 dB. It was assumed that
trolled targett, /I, value whenA,,,,; is 1.0 dB becomes larger A,,,; = 0.5 dB andH = 1000 from the previous evaluations.
than that withA,,; = 0.5 dB. Thus, the difference between théParametetd was set to[8, 8, 8] for the corresponding inner
assigned targek, /1, value after Rake combining and its realoop control. Fig. 20(a) shows that the tardat/ I, using the
value is increased, resulting in the increase of MS transmissivo-step control withA;,, = 0.5 dB is increased by approx-
power. The data decision error with,,,; = 1.0 dB occurred imately 0.5-1.0 dB compared with that with;, = 1.0 dB
more frequently when the targ#t /I, is decreased by the outerwhen f; is lower than 100 Hz, because the inner loop with a
loop control than that witl\,,,; = 0.5 dB. This increased the small step size can not track the sudden changes in the received
target £, /I, (the targetE, /1, is increased by approximatelysignal level due to fading. Three-step size control achieved the
0.3 dB over the range fronfp, = 20 to 200 Hz). Fig. 19(b) same performance as those with the two-step size control using
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Ay, = 1.0 dB. We find from Fig. 20(b) that the required MS [8] M. K. Varanasi and B. A. Aazhang, “Multistage detection in asyn-

transmission power using two-step control willty, = 0.5 dB chronous code-division multiple-access communicatioli2EE Trans.
.. db imatelv 0.3-0.8 dB d with that Commun.vol. 38, pp. 509-519, Apr. 1990.
IS InCreased by approximately U.o—0. compared wi alig] v.C. Yoon, R. Kohno, and H. Imai, “A spread-spectrum multiaccess sys-

with A;, = 1.0 dB with antenna diversity reception. The ob- tems with cochannel interference cancellation for multipath fading chan-
tained results indicate that the two-step inner loop control with ~ nels,”IEEE J. Select. Areas Communrol. 11, pp. 1067-1075, Sept.

. . 1993.
Ai, = 1.0 dB is appropriate. The results above show that th§yq) p patel and J. Holtzman, “Analysis of a simple successive interference

fast TPC associated COMSIC with outer loop control is very  cancellation scheme in a DS/ICDMA systentZEE J. Select. Areas
effective in decreasing MS transmission powers in a multipath Commun.vol. 12, pp. 796-807, June 1994.
. . . 11] M. Sawahashi, Y. Miki, H. Ando, and K. Higuchi, “Pilot symbol-as-
fad'ng channel in the reverse link. sisted coherent multistage interference canceller using recursive channel
estimation for DS-CDMA mobile radio,[EICE Trans. Communvol.
E79-B, pp. 12621270, Sept. 1996.
[12] A.-L.Johansson and A. Svensson, “Multistage interference cancellation
IV. CONCLUSION in multirate DS/CDMA on a mobile radio channel,”roc. IEEE VTG
Apr. 1996, pp. 666-670.
A three-stage COMSI employing PSA channel estimatiorl3] M. Sawahashi, H. Andoh, and K. Higuchi, “Interference replica weight

: : f : _ control for pilot symbol-assisted coherent multistage interference can-
for replica generation of MAI was implemented and its per celler using recursive channel estimation in DS-CDMA mobile radio,”

formance in frequency selective multipath fading was experi-  |EICE Trans. Communvol. E81-A, pp. 957-972, May 1998.
mentally evaluated by a multipath fading simulator. A fast TPCI14] S. Parkvall, E. Strom, and B. Ottersten, “The impact of timing errors on

: : ; the performance of linear DS-CDMA receiver$ZEE J. Select. Areas
method suitable for COMSIC was also proposed, in which SIR Commun.vol. 14, pp. 16601668, Oct, 1996.

at the MF-based Rake receiver is measured to achieve a sh@i$] | -c. Chu and U. Mitra, “Performance analysis of an improved MMSE
TPC delay and the target SIR value is compensated by an outer multiuser receiver for mismatch delay channelEEE Trans. Commun.

: : vol. 46, pp. 1369-1380, Oct. 1998.
|OOp so that the measured BLER is equal tothe prescrlbed targﬁ%] F. Ling, “Coherent detection with reference-symbol based estimation for

value. The experimental results showed that as expected the " girect sequence CDMA uplink communications,Hroc. VTC'93 May.
COMSIC reduces the MAI satisfactorily even when the number 1993, pp. 400-403.

; ; ; : ; : 7] Y. Honda and K. Jamal, “Channel Estimation Based on Time-Multi-
of active users is equal to SF in a multipath fading environment! piexed Pilot Symbols,”, IEICE Tech. Rep., RCS96-70, Aug. 1996.

and, thus, improving the BER performance in a multiuser enfig] H. Andoh, M. Sawahashi, and F. Adachi, “Channel estimation filter
vironment. The results also demonstrated that the proposed fast using time-multiplexed pilot channel for coherent rake combining in

. ~ : . DS-CDMA mobile radio,”|IEICE Trans. Commun.vol. E81-B, pp.
TPC method with a two-slot delay associated with COMSIC 1517-1526, July 1998,

works satisfactorily and the combination of COMSIC and fastj19] K. Higuchi, H. Andoh, K. Okawa, M. Sawahashi, and F. Adachi, “Ex-
TPC significantly decrease the transmission power of a mobile  perimental evaluation of combined effect of coherent rake combining

. g Lo ; ; : and sir-based fast transmit power control for reverse link of DS-CDMA
station (the required transmission power of a mobile stationwith =~ 0 radio,”|EEE J. Select. Areas Commuuol. 18, pp. 1526—1535,

COMSIC at the average BER of 18is decreased by approxi- Aug. 2000.
mately 2.0 (3.0) dB compared with that with MF-based Rake ref20] R. Weber, “Low-complexity channel estimation for WCDMA random

. . . . . - . access,” irProc. VTC Fall 2000Sept. 2000, pp. 344-351.
ceiver with (without) antenna diversity reception). This extend 21] S. Seo, T. Dohi, and F. Adachi, “SIR-based transmit power control

the cell coverage and battery life, and increases the system ca-" of reverse link for coherent DS-CDMA mobile radidEICE Trans.
pacity in the reverse link. Commun,.vol. E81-B, pp. 1508-1516, July 1998.
[22] Y. Amezawa and S. Sato, “A study of SIR measurement methods using
signal before rake combining,” presented at the 1998 Spring National
Convention IEICE Japan, Hirat;uka, Mar. 27—_30,‘ 1998. _
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