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Symbol Rate Processing for the Downlink of
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Abstract—Many services of third—generation (3G) mobile radio maximum ratio combining rake demodulator. Therefore,
sygtems will have hlgher. Qata rateg in the downlink than in the space-time processing is only possible during sending but
uplink. We propose to utilize adaptive antennas at the base sta- impossible during receiving. Consequently, we develop a

tions because spatial interference suppression is able to reduce the . X .
near—far effect in the downlink of single-user detection direct-se- beamforminglgorithm for the BS. After explaining the system

quence (DS) code division multiple access (CDMA) systems. Be-model and discussing the reciprocity of the channel parameters
sides the channel parameters in terms of directions of arrival, de- of the uplink and the downlink in Section Il, we focus on the

lays, and medium-term average path attenuations which are esti- code correlation properties in Section Ill. Section IV contains
mated in the uplink, we also take into account the correlation prop- an approach to define the rake finger weights at the receiver.

erties of the spreading and scrambling codes. In DS-CDMA, the In Section V t bol rate d link b f .
users are distinguished by different spreading codes, which change n section v, we present a symbol rate downlink beéamiorming

over time due to scrambling. In Brunner et al., the beamforming  @lgorithm, i.e., the beamforming vectors change from symbol
vectors at the base station were computed slotwise, whereas in thisto symbol. Section VI gives a brief summary of the proposed

paper, we favor a symbol-rate beamforming at the base station. The downlink beamforming algorithm, and Section VII presents bit
new approach optimizes the actual values of the decision variables error rate (BER) simulation results.

of the rake demodulators at the receivers. The superiority of the
symbol rate beamforming algorithm compared to slotwise beam-
forming will be shown by bit error rate (BER) simulations. II. SYSTEM MODEL

Index Terms—Beamforming, downlink processing, DS-CDMA, A. DS-CDMA Modulation

interf i bol rate. . L.
interierence suppression, symbol rate We examine WCDMA, which is a DS-CDMA system [9],
[10]. Themth symbolsé’") € {1, +1} (in the case of BPSK

I. INTRODUCTION modulation) of usek € {1, ..., K} is spread by a spreading

IRECT-SEQUENCE (DS) code division multiple acces§0de ¢i™ (1], which is composed of therthogonal variable

(CDMA) will be a major part of the third—generation (3G)SPreading facto(OVSF) [11] coden,[l] and the pseudo-noise
systems. In January 1998, tEeiropean Telecommunicationsscrambling codg(l] of length SFj, and N, respectively
Standards InstitutéETSI) agreed to base tifiequency division (m)
duplex(FDD) transmission omvidebandCDMA (WCDMA), ¢, 1] = ox[l]g [(mSF). + )mod N . 1)
which is examined in this article as an example of DS-CDMA.

In the FDD mode, the different stations transmit simultanéiere “mod” denotes modulo division. After pulse shaping, the
ously, and the different transmissions are distinguished F§sulting baseband DS-CDMA signal dedicated to Mt@ads
spreading codeswhich change over time due to scrambling®S

To regain the transmitted data values at the receiving station, oo SF—1

the rec_elved signal has to be correlated_wrth the respecgvgk(t) _ Z Sim) Z ci’"’) [(pee (t — (1 + mSF)T)
spreading code. Consequently, we review the correlation o —o

properties of the utilized spreading codes in Section Ill. The (2)
uplink has already been investigated extensively, e.g., in [6] amtherep,.(t) andT. are the Nyquist chip waveform, which is
[7], in contrast to the downlink, where only few contributionsa raised cosine with rolloff = 0.22 in the frequency domain
exist, e.g., [8], although in future services of 3G mobile radid2] and the chip duration, respectively. Note that we moved the
communication, the data rates in the downlink will be highenatched filtering of the MSs to the BS for notational simplicity.
than in the uplink. Thus, we only concentrate on the downlinEhus, the root-raised cosine impulse used in WCDMA becomes
Due to economic considerations, we assume thatbthage a raised cosine impulse.

station (BS) is equipped with an antenna array, whereas the

mobile stationgMS) have only one antenna and a convention&. Channel Model

At the BS, the signals(¢) dedicated to the different MS are
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Here “,” K, andn(¢) denote linear convolution, the numberTherefore, we propose a feedback of the unknown phases from
of MSs, andntercell interferenceombined witmoiseat MS%, the MSs to the BS.

which are both assumed to be white Gaussian random processes,
respectively. D. Feedback from the Mobile Stations to the Base Station

The BS has gstimated the chan_nel param_eters in the uplinka| parameters except the path phase shifts, in (4) are
Each of the@ discrete paths leading to M is represented known to the BS. To be able to compute the demanded beam-
by the steering vectas;, , € C*, whereM is the number of o ing vectoras{™", we need the knowledge of the path phase
antenna elements at the BS, the transmission faglgr € R ghits to0. Our solution to remove this lack of knowledge is
(Fhe reciprocal of the respective path attenuation), the path-delayoeqback of the unknown phase shifts from the MSs to the
timey, ,, and the path-phase shiff. , [13]. As a consequence, gg | [16], Gerlach and Paulraj also proposed a feedback from

the channel impulse response representing the transmissiog,af\1ss to the BS. but their approach was designed foathe

si(t) to MS & for themth symbol expressed with the parameysnced mobile phone systdmMPS). This analog system has

ters of the multipaths can be written as negligible delay spread. Therefore, one steering vector is suf-
Q ficient to describe the transmission to the respective MS. In a
h;gk ,m)(t) _ Z pk,an, qwgrz)ej@k,q §(t—1hq). (4 muItlpqth system, however, an ensemblg of vectprs has to be
pr transmitted from every MS to the BS, leading to a high feedback
data rate. We propose another feedback. The BS only needs to
Note that the channel impulse respons‘g{g’m)(t), Eo o= knowth_e difference of the unknown phase shifts of the d_ifferent_
paths since the other channel parameters can be estimated in
the uplink. The feedback does not decrease the system perfor-
mance because the demanded data rates will be much higher in
the downlink than in the uplink. Therefore, the saved capacity
of the uplink mode can be used for the feedback of the phase in-
formation. We do not concentrate on the feedback itself in this
Our downlink beamforming algorithm is based on th@aper. Future research will show how many bits have to be used
channel parameters estimated in the uplink. For the estimatigsy, each phase value and how the performance of the downlink

a channel-sounding algorithm is needed, e.g., the one presemigAsmission depends on the accuracy of the phase values.
in [2]. In WCDMA, the uplink frequency band resides 190

MHz higher than the downlink frequency band [9]. Therefore, IIl. CoDE CORRELATION PROPERTIES
not every channel parameter estimated in the uplink can be ) L . .

used directly in the downlink. We assume that the frequency 0 9ive @ motivation for symbolwise beamformin ,%we re-
gap is small enough so that the directions of arrival (DOAYJeW the properties of the scrambled spreading cc [€s[7].
represented by azimuth and elevation are the same for b¥{f Presume conventional maximum ratio-combining rake re-
frequencies [14]. Consequently, the steering vector estimaf&iVers at the MSs. The output stage of a rake demodulator in-
in the uplink just has to be transformed with regard to tHgudes an integrate-and-dump unit. Hence, we have to examine
different frequency in the downlink [15]. We also presume th& ‘windowed” correlation function of the codes dedicated to MS

the directions change very slowly. Therefore, the coherent@nd#’

1, ..., K, representing the transmission to M®nly differ in
the beamforming vectow!"”, which changes from symbol to

symbol, and therefore, tﬁék,’ ™) (t) change symbolwise.

C. Reciprocity of the Channel Parameters

time of the DOAs is noticeably larger than the duration of one SF—1
slot. Both assumptions, that the frequency gap is small enough CCF) [n] = > <N+ ). (5)
and the coherence time is large enough, justify the usage of =0

the DOAs estimated in the uplink for downlink transmission, . "
Because the DOAs are the same for both links, the path dell\l%te that we have chosen the same spreading fa rboth

must also be the same since the delay is the division of the Pl des since we can split the codes into partitions of the same

length by the speed of light. Moreover, the path delays chanﬂei?th as follows from the generation process of OVSF codes

very slowly over time due to the dependence on the DOAs. . . .
) . ; Due to scrambling, the code correlation properties change
The only channel parameter which can be estimated in the )
. . . . ; rom symbol to symbol, as can be seen for autocorrelation and
uplink that is not fully reciprocal is the complex amplitude, A . !
. . : rosscorrelation in Figs. 1 and 2, respectively. The scrambling
First, the frequency offset between uplink and downlink resul . . .
. . ; oes not only effect the instantaneous correlation properties. It
in completely different phase shifts of each path. Second, t

amplitude changes due to fast fading. However, we propose tﬁgo Improves the mean correlation properties, which are the

. 9 . ?orrelation functions averaged over the maximum number of
the medium-term average transmission factor is the same TO : . . . -
ymbols in a slot. This property is exploited for the predefini-

the uplink and the downlink, since it depends on the DOA. Ag- . . .
. . on of the rake finger weights, cf. Section IV.
ditionally, we assume that the medium-term average transmis-
sion factor varies slowly like the DOA and the path delay do.
Only the path phase shiftis unknown. Unfortunately, the symbol
rate downlink-beamforming algorithm (cf. Section V) needs the The predefinition of the rake finger weights is performed
values of the path phase shifts in order to perform a coherent dufing the transmission of the pilot symbols. The idea is to

perposition of the different signal portions received by the MSgansmit the pilot symbols witbonstantbeamforming vectors

IV. PREDEFINITION OF THERAKE FINGER WEIGHTS
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Fig.1. Autocorrelation properties of the scrambled OVSF codes 8 and 9 witiy. 2.  Crosscorrelation properties of the scrambled OVSF codes 8 and 9 with
SF = 16. SF = 16.

wgibt. Then, the rake receiver “learns” the intended rake fingéterference(ISI) since the mean correlation properties of the
weights during the channel estimation process when receivisigyeading codes are approximately ideal due to scrambling. We
the pilot symbols. propose to maximize the transmission power of the channel im-

The rake demodulator exploits the pilot symbols at the bpulse response tabé’f)f belonging to theé" strongest paths con-
ginning of each slot to estimate the channel impulse respomszting the BS and M8, wheref' is the number of rake fingers.
hgf‘)(t). Note that we dropped the index in this section be- The power of one tap reads as
cause the channel impulse response is constant during the trans- . O )
mission of the pilot symbols. The rake demodulator correlate$’., ; = (h;’“)f) h;f“)f = (w}i‘bt) azyfpzyfazi fw}j‘bt. @)
with the NV, pilot symbols and gets a channel estimation for each - o
pilot symbol. The overall channel estimation is the mean of the Additionally, we can choose the same transmission power for
estimations made with each pilot symbol. The averaging of tRé pilot signals because interference is cancelled due to the ap-
channel estimations is equal to an averaging of the correlatigipximately ideal correlation properties. This leads to following
properties of the spreading codes. As stated in Section III, tABtimization problem
mean correlation properties are approximately ideal. Thus, the F .
averaging leads to a decoupling of signals dedicated to the dif- max Z Py ; = max (wzilot) AZAszi1ot
ferent MSs. As a consequence, we need not regard the signals of ~ w}™* ) wpot
the other MSs. Moreover, the interference caused by the signal ONH
itself due to the autocorrelation function can be neglected also. ~ S-1 '(w£110t> wp't =1 (8)

The rake finger weights which are the complex conjugate of
the respective channel taps can be written as whe

(k) * pilot H * —i¢k Ay = [pk: 14k, 15 - - - Pk, FQk, F] € CJWXF (9)
Uk, f = (hk,f) =Dk, f (wk ) ay, e (6) : , - .
is the steering matrix containing the steering vecta;§f

As stated above, we do not have to consider the signal pareighted with the respective transmission factar ;. The
tions caused bgo-channel interferencgCCl) andintersymbol solution of the optimization problem in (8) is the eigenvector
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belonging to the largest eigenvalue 4f Al . The BS is then A. Compact Reformulation of the Rake Output Signal

able to compute the rake finger weighis ; by using (6). It is convenient to combine the variables belonging to a par-

ticular pathg in the vector
V. SyMBOL RATE DOWNLINK BEAMFORMING

The BS is equipped with an array @ antennas. There- br,q = Pk, g0k ¢ 70 € CM (14)
fore, it is able to perform beamforming. We exploit the addi-
tional spatial degrees of freedom to reduce the deficiency afid the signals of symbat at the BS in the vector
the spreading codes to separate the different users. Because the
codes change from symbol to symbol, we present a symbolwise sz,") _ si’,") (m) ¢ oM (15)
beamforming algorithm. The rake demodulator estimates the
F strongest channel impulse response taps exploiting the pgot
symbols at the beginning of each slot and sets the rake finge
weightswy, ¢ to the conjugate complex of the respective channe
impulse response tap. We presume a utilization of the rake finger F oK Q
predefinition algorithm presented in Section IV. Thus, the BS ui’") Z Z Z - fbk ) (m)

bstituting these abbreviations into (13), the rake demodulator
Ptput signal can be expressed as follows:

knows the rake finger weightg, ;. The maximum ratio com- ke
bining rake receiver samples the received signét), cf. (3),

at OSF times the chip ratd/T., correlates the obtaineg,[!] ™™ ; 16
with the spreading codel™ [1], and performs maximum ratio P U (16)
combining. Thus, the detection signal for th¢h symbol of the

rake demodulator at M8 can be expressed as Note thatb;, , and v, , are constant, and only the correlation

function OCFS’",;,"’) [n] changes from symbol to symbol. With

SF,—1 ..
a the definition of

I3
up” =Red S iy > A [Urk[OSFL+ 1. 4] ¢ (10)
=0 T i
2 = [T A e el )
where we introduced the discrete time deldy ; =

T, fOSF/T,. After defining the correlation function and theCM ¥ vector

() = Z il Z ol 9y = [ ™l g = bl -
=0
-p,,c[OSF(l—l’ + (m — m/)SF+n)] R [, s — lk,q]} @ (vi, sbr,q)  (18)
(11) .
where ‘®" denotes the Kronecker product, and moving the
between the spreading codes of MSand%’ and symbolsn ~ double sum into the vector
andm’ which regards the raised cosine impulse form sampled

at OSI times the chip rate, inserting (4), and neglecting noise (m) EQ: EF: (m) o MK (19)
and intercell interference, the rake demodulator output can be = 9r. 7.4
written as T

we get the compact reformulation of (17), which is a simple dot

(m) — Re Z Uk, 5 Z Z Z P, qak PRI product

f=1 =1 m=—oc g=1 ul(crn) — Re {gl(crn),Hz(nl)} ] (20)

(rn) (rn, ) (m,m’)
oS O e p - lk:q]} -+ (12) " if a modulation scheme different of BPSK (e.g., QPSK) is used,
only the Re{e} operator has to be dropped. Again, note that

We assume that the delay spread is small{ < T%). Thus, the only changing parts in the representatiom{;ff‘) are the

we can drop the sum over’ because the ISI is negligible. correlation functions which influence, ™) We only have to
Hence, we end up with compute the correlation functions, the Kronecker products, and

the double sum for each symbol.

F Q . .
(m) _ p, H L jen.q B. Transformation to a Real-Valued Representation of the
b a0 D Uk, Pk 4% Rake Output Signal
Because we assume BPSK modulation, a transformation to
(m) ("’)OCF(’" m>[1k 5=l q]} . (13) areal-valued representation of the rake detection signal is ad-

vantageous. Therefore, we stack the real part and the imaginary
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part of the two vectors(™ and g;"” onto each other and get TABLE |
the R2M K vectors BERs FORLOOK-DIRECTION SLOT-WISE AND SYMBOL-WISE JOINT

DOWNLINK BEAMFORMING

() —_ -k T MS || BER - slot | BER - symbol
z" = |Re {Z } ; Im {Z } (21) T || 195.107] 335 107
- T 2 0.43-10 2 2.49-10°°
3 8.63.1072 0.41.103
7 = [Re {yém)} , Im {yim)} } N ) 7 [[485-102 ] 10-10°
5 0.14-10°2 0.05-1073
. . 6 162-10 7 557102
We end up with a real-valued representation of the rake de- 7 0.9 10~2 019 10=7
modulator output signal for thexth symbol: 3 0.66-102 1.06- 103
9 0.15-102 401-107°F
m m), T 10 1.20- 1072 6.60-10~°
w" =" e, (23) D ;
12 || 0.01- 1072 0
. . 13 0 0
C. Development of the Symbol Rate Downlink Beamforming 14 0 0
Algorithm
Our goal is to provide the demanded level for the decision TABLE 1l

| MEAN BERS FORLOOK-DIRECTION SLOT-WISE AND SYMBOL -WISE JOINT

signal of every rake receiver. In other words, we have to fulfil DOWNLINK BEAMEORMING

K requirements

mean BER
slot-wise 1.47.1072
symbol-wise || 1.70- 1073

W™ =M k=1, K (24)

whered, € R, is a parameter, which depends on the signa| (m) § ) .
level that is demanded by M If a MS is in a noisy environ- NOte that the rows dI™ ™’ in (26) are weighted with the symbol

7 m (777/) H
ment (e.g., near cell border), the respecéiyean be increased, Valuess;, * to moves;,  to the left side of (24). Thus, the result

leading to a higher signal level at the MSs output. Therefor@f the multiplicationI"™)z ™ must be the vectad? containing
fasttransmit power contro[TPC) can be easily implemented POsitive real-valued numbers. Again, the paraméjerc R,

If MS % demands a larger or smaller receive power, the param_(27) is the absolute value of the demanded decision S|gn§1I of
eteré), just has to be increased or decreased, respectively. NB rake demodulator and adjusts the robustness of decision

that we do not optimize the SNR at the receiver directly. Howef the kth detector. For QPSK, a transformation to a real-valued
ever, if MS k receives high (low) noise power, its TPC comlepresentation is not necessary, and the resulting optimization

mands will lead to a larger (smallef), and consequently, MS réads as

k will receive more (less) signal power. Hence, the SNR at the

receiver is optimized indirectly. The requirements in (24) can min Hz(m)

be seen as zero-forcing constraints because the noise process #m

is disregarded. However, due to the updaté;oflepending on

TPC commands, the disadvantage of zero-forcing solutions’is

removed since the MS demands a larger or smaller reception H i i

power depending on the actual impact of the noise process. ~ G'™ = [ng)ygm)v e Sg?l)y%l)} e CIAME (29)
Since the beamforming vectors are computed symbolwise,

the number of degrees of freedom per symba@i$&. Onthe  gyery row of G™ is weighted with the conjugate complex of
other hand, we must fulfilil’ constraints, cf. (24). Hence, thethe symbol valuesé"")’*.

number of degrees of freedom is larger than the number of r€-rhe solution of the optimization problem in (25) can be easily

strictions. We exploit the remaining degrees of freedom to "Ebtained, e.g., by introducing Lagrange multipliers, and can be
duce the transmit power at the BS. This leads to following OPiritten as

mization problem for BPSK:

2
. s G — ¢ (28)
2

-1
5 .,L_(rn) _ I\(rn), T (I\(rn)r(rn), T) 0. (30)
min ||z
0 2
s. t:TMglm = ¢ (25) The wanted beamforming vectar™ is the multiplication of
2{™ with the symbok{™ to solve (15), where™ is the com-
where plex vector, whose real and imaginary parts are the first and the
. second half of(™, cf. (21). For QPSK, the result is the multi-
rim — |:3§m’)fy§m’)7 o sgg’)qu’)} € REKx2MK (26) plication with the pseudo-inverse 6X™:

and 1
0— [917 o 9[(]T c R.I: 27) 2(m) — G(m):T — G(m),H (G(m)G(m),H) 0 (31)
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and we have to muItipIyé’") with the complex conjugate of the TABLE Il
(m), * i (M) SIMULATION SCENARIO
symbols,, to obtainw, .

klall 6kg | Peg I % [ g1 Okg | Prg
1 0° 1 1] 310° 1
VI. BRIEF SUMMARY OF THE PROPOSEDDOWNLINK o || 3450 | 0.95 2 |l 3052 | 095
BEAMFORMING ALGORITHM 3 20° 0.9 3| 343° | 0.72
1] 4] 400 0.8 8 | 4] 3130 | o057
5 || 330° | 0.7 5 || 299° | 0.55
6 || 3200 | 0.5 6 || 290° | 0.1
7| s50° 0.3 71 1° 0.09
1] 45° 1 T | 33%° 1
previous uplink slot : 2] 60° 0.9 2 | 338° | 0.98
34 85 | 0.85 3| 328° | 0.9
estimate (or update the estimate) of the channel 214 5° 0.6 9 | 4 358 | 08
. 5 |1 340° | 05 5| 308 | 05
parameters: 6l 70° | 02 6 || 305° | 0.2
s_teering vectony, 4, path delayr (discre_te _ 7| 400 | o1 7l 3250 | 01
time: I, ;), medium-term average transmission 1| 30° 1 1] 70° 1
factorpk 2 343° 0.88 2 65° 0.91
il 3| 320° | o8 34 72° | 082
receive the update of the path phase shj 34| =20° 0.7 10 | 4 | 33° 0.73
i panp shift 5 || 355° | 0.55 5| 49° | 0.64
compute the new, , (cf. 14) 6| 13° [ 03 6 [l 62° | 0.55
- 7 || 40° | 0.05 7| 30° | 046
compute the beamforming vectad"'** for the I [[ 315° 1 1 {238° 1
i inei ; 2 7° 0.88 2 | 156° | 0.485
pilot sequence as the principal eigenvector of
« 4T 3 39° [ 075 3| 175° | 0.065
A A; (cf.9) 4|4 3520 | 066 || 114 | 2410 0.017
) . : 5| 333° | 0.6 5 || 165° [ 0.005
qalculate the rake finger weights, ; with Equa- 6 |l 750 0.2 6 Il 175° | 0.004
tion (6) 7 || —43° | 0.09 7 || 244° | 0.003
; 1 59 1 1 [[ 185° 1
updatef;, depending on TPC commands 2 |l 355° { 0.6 2 || 165° | 0.37
3 [ 10° 0.5 3| 185° | 03
pilot phase : 5|4 15° 0.4 12 | 4 || 181° | 0.108
: : . . 5 || 330° | 02 5 || 189° | 0.075
transmit the pilot sequences with the previously 6 || 335° | 0.05 6 || 185° | 0.061
computed beamforming vectous " 74 20° | 001 7| 177° | 0.057
P 9 ous; 1| 10° 1 1] 59° 1
. . 2 | 13° 0.8 2 || 59° | 0.262
transmission of data symbol m : 3 g° 0.75 3 || 630 0.076
; ; 6|4 17° 0.7 || 13| 4 || 288° | 0.037
compute )the correlation functions 511 210 | 065 51| 180 | 0.036
CCR™ ™ [lx. s — li. 4] 6 3 | 06 6 | 14° | 0.029
: - 71 348° | 0.5 74 76° | 0.023
evaluate (18) and (19) to ggi 1] 37° 1 1] 14° 1
E 2 | 42° | o.71 2| 9° | 0.034
transform to real-valuegl, " with (22) 3 || 349° | 0.61 3|l 18° | 0.0277
74| 320 | 059 || 14 |4 | 5° | 0.008
calculatez("™ (cf. 30) 5 || 470 | 0585 5 o° | 0.003
. . ) 6| 336° | 04 6 || 355° | 0.002
real part and imaginary part ef”* are the first 7 700 | 035 7 || 350° | o001
and second half at(™), respectively
split 2™ into K piecesz{™ (cf. 17 MS. We try to minimize the number of necessary antenna ele-
p p k y Yy
compute the beamformina vectat™ with ments atthe BS. We chod¢ = 3 antennas. Our simulation sce-
(15)p g k nario includesk’ = 14 MSs, where) = 7 paths connect each
MS with the BS, cf. Table Ill. The directions of arrival , and
transmit the symboégcm) spread witrb;m) [l] and the transmission factogs, ,, k=1, ..., Kandg=1, ..., Q
weighted with the beamforming vectmfcm) are constant. The path phase shiffs, and the delay times

Tk,  are uniformly distributed within the intervals, 2x] and

[~ Tmax> +7max|, respectively. The delay spreag.. is 2 us,
which is about the half of a symbol time for the used spreading
factor SE" = 16. The rake receiver oversamples Wit = 4

and hasF' = 3 fingers.

We compare our new symbol rate downlink beamforming The transmission powér’ ||wy||3 is set tol=0 dB and is the
algorithm to the look-direction beamforming approach. Thisame for both the slotwise and symbolwise beamforming. Also,
slotwise approach sets the beamforming vectors equal to the additive white Gaussian noise (AWGN), which models the
steering vector of the strongest path leading to the respectimtercell interference and noise, is the same for all MSs and both

VII. SIMULATION RESULTS
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180 180

180 180

270 270
Fig. 3. Beam pattern for the symbolwise beamforming algorithm: solid lineEig. 4. Beam pattern for the symbolwise beamforming algorithm: solid lines;
paths: dashdotted lines. paths: dashdotted lines.

The beampattern computed by the symbolwise down-
respect to the transmission power. link-beamforming algorithm changes completely from symbol

Each slot consists of 2560 symbols or 40 960 chips, Whichtl%gymbc’l’ as can be seen in Figs. 3 and 4. The heampattern

equal to the length of the used Gold scrambling sequence. NGRRN9es sub_stantially and cannot be expla?ned with the Qirec-
that in the new version of standardization [17], [18], the IengtIIHons of the different MSs because the algorithm also considers

of the Gold sequence @&, — 38400. The results shown in the code correlation properties, which change from symbol to

Tables I and Il are the mean of 150 simulations. We observ@%\mbm and, moreover, takes into account the values of the data
: symbols, which have to be transmitted.

significant improvement of the BER with the symbolwise beant: We al tth db it fth bolwi
forming compared to the slotwise look-direction method. How- € also present (ne averaged beampattern of the symbolwise

ever, the BER for MS 9 is higher for symbolwise beamformin ownlink-beamforming algorithm in Fig. 5. The average beam-
than for slotwise beamforming. The explanation can be found r"i‘ttem (ayeraged over 100 §ymbols) is nearly the same as for
the very large transmission factgsg , of MS 9, cf. Table III. the .Iook-d|re.ct|o'n beamforming approach. Therefore, we f'.nd
In the development of the symbolwise downlink beamformin gain a motivation to compare the symbolwise beamforr_mng
algorithm, we made the assumption that the delay spread Igorithm to the look-direction method, because the look-direc-
is small e,nough so that we can neglect the signal portions cfg)é" method leads to bgamforming ve_ctors, which are similar to
to the previously and afterwards transmitted symbols. This 48¢ averaged symbolwise beamforming vectors.

sumption holds as long as the transmission factors of the weaker
paths are small enough. In the case of MS 9, the weaker paths
are very strong (0.98, 0.9, 0.8, 0.5). Therefore, the probabilityWe have presented a new downlink beamforming algorithm
that the assumption does not hold is higher than for other M3st DS-CDMA systems, which computes the beamforming
e.g.,, MS 5 (0.6, 0.5, 0.4, 0.2). weights symbolwise. The symbol rate computation of the

beamforming methods, and we chose a value- 90 dB with

VIIl. CONCLUSION
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Fig. 5. Average beam pattern for the symbol-wise beamforming algorithr
solid lines; look-direction: dashed lines; paths: dashdotted lines.

beamforming vectors has been motivated by the change \ T
correlation properties of the scrambled spreading sequeng
and the algorithm was developed to provide the demand
signal level at the demodulator output of the respective Mesis.
The simulation results show the superiority of symbolwise
processing over slotwise processing.
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