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Even if UMTS/FDD networks deployment encounters
some delays, there is no doubt that UMTS/TDD will be
implemented in a next future as its specific features
(uplink/downlink asymmetry, low spreading factors)
make it attractive to cover dense area where high bit rate
services are required like railway station, exhibition
rooms, conference halls, etc.
The result is that the study presented in this paper is
focused on full load multi-user configurations (all code
resources allocated to different users).
Despite a relative low number of simultaneously
transmitting users (compared to FDD) allowing, on the
uplink, powerful multi-users techniques, their
performance remains insufficient to achieve targeted
BER at full traffic load. Accordingly we addressed in
this work comparative performance of two multi-user
demodulation algorithms extended to the multi-sensor
case (Array Joint Detection or AJD and Multistage
Parallel Interference Cancellation or MPIC) in order to
improve uplink capacity. In addition a complexity
analysis is proposed bringing to light that MPIC
algorithm offers the best performance/cost tradeoff.
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The first multi-user/multi-sensor algorithm to be tested
is the Array Joint Detection algorithm using Minimum
Mean Square Error criterion (AJD-MMSE).
According to the multi-sensor received signal model :

H= + G +Q
where G stands for the multi-user transmitted symbols
and Q for the intercell interference plus noise component
of the multi-sensor received signal, the AJD-MMSE
estimates of users symbols are given by :
^

G = 0H
0 standing for :
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(for more details about AJD-MMSE algorithm refer to
[2] and [3])
The studied alternative to AJD-MMSE is the well
known Multistage Parallel Interference Cancellation
(MPIC). The principle of this algorithm, as detailed in
[5], is based on the same signal model. It is to apply-first
a spatio-temporal matched filter whose expression is
given hereafter :
^

Smart antenna as well as multi-user demodulation
algorithms are well known powerful techniques able to
improve cellular network transmissions capacity and/or
quality of service. The point of the presented work is to
bring, in the specific context of the reverse link of
UMTS/TDD, quantitative results on array processing
performance in realistic configurations either on
simulated or real signals. Additionally, among all smart
antenna benefits listed in [7], a system level evaluation
address capacity improvement and coverage extension
aspects in a simplified network context. Finally,
previous results are weighted by a computational cost
analysis of both tested demodulation algorithms.
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horizontal part of + dedicated to the kth sensor).
As shown on the previous formula, as far as transmitted
symbols are known, it is simple, at matched filter
output, to isolate useful signal from MAI (Multiple
Access Interference). As it is of course not the case,
MPIC consists in an iterative process using the current
estimated data symbols to refine data symbols estimate

for the next iteration. Using the estimated data symbols,
estimated MAI contributions can be subtracted. The
process is initialized using the array matched filter
output as a first data symbols estimate.
This process applying direct MAI removal is given by :

(E1 where MPIC BER curve presents a floor unlike
AJD, due to a non complete MAI removal. Increasing
the number of iterations reduces the floor level but does
not suppress it completely.

^
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As illustrated in Fig. 3, the influence of intercell
interference spatial distribution, perceptible for AJD
algorithm when incident interference signal cone
aperture decreases below 60°, is quite negligible on
MPIC performance.
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Algorithm performance evaluation was based on
different means including as shown in Fig. 1, the
following blocs : modulation, channel simulation or
testbed measurements, multi-user combining plus noise
addition and demodulation.
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Where αM is the current weighting factor in the
iteration process. (For more details about optimal
weighting factor design algorithm refer to [6])
It should be noted that both algorithms rely on a
common channel estimation process specifically
designed for UMTS/TDD waveform and where the
different users channel IR are jointly estimated (cf. [4]).
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The results presented in Fig. 2 and Fig. 3 were evaluated
on simulated data using a spatial extension of the
standard channel model “Vehicular A” with (Fig. 3) and
without (Fig. 2) additional intercell interference.
The two multi-user configurations in Fig. 2 correspond
to full load ones (all code resources are allocated). It
appears clearly that as far as the channel IR is known,
the influence of the number of users is negligible
(except at high (E1 outside operational range).
Logically, when channel IR is estimated, signal to noise
ratio on the midamble part of the burst being inversely
proportional to the spreading factor allocated to the
user, results are worse for high spreading factors. The
(E1 loss induced by noisy channel IR estimates,
insignificant at SF 2, reaches 5 dB at SF 16. Finally
AJD and MPIC shows similar results except for high
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Channel simulator developed by France Telecom R&D
comprises an antenna array transfer function simulation
based on antenna arrays calibration measurements.
Another essential mean for algorithms evaluation is the
real signal recordings database obtained from an uplink
measurement campaign around THALES site in
Gennevilliers. These signals were recorded using a
testbed developed jointly by THALES, University of
Nantes and FTR&D (the aforementioned simulation and
testbed are described in more details in [1]).
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At the opposite, Fig. 4 shows statistical results obtained
with combinations of experimental single user signals
(including extracell users with specific midamble and
scrambling codes) recorded in outdoor environment.
The results which are synthesized in Fig. 4 correspond
to five full load multi-user configurations with 6
extracell users uniformly spatially distributed in the
120° of the antenna azimuth coverage.
Each curve is the trace on ((E1, (E,) plane
corresponding to the minimum ratios needed for a
specific algorithm to deliver a target output BER of
5.10-2. As an example at a fixed (E1 of 8dB, relative
(E, gains of AJD (2 sensors) and AJD (4 sensors)
versus JD (1 sensor) reach respectively 4.2 dB and
8.2 dB.

Considering a simplified propagation model with an
attenuation function of the distance given by :
$WW G  αG
and according to the network model described in Fig. 5,
where only an averaged mobile position (center of the
hexagon) is considered in each sector, the &, curve
versus the number of simultaneous users per cell at the
base station has the following expression :
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The intracell users are not taken into account in the
interference component , as multi-user demodulation
algorithms are considered.
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The evaluation of smart antenna influence in term of
signal to interference and/or signal to noise ratios gains
allows fruitful algorithms comparison. But to quantify
the impact on network optimization these results have to
be exploited in a system level analysis to evaluate how
capacity and range extension are improved.
Similar approaches in [8] and [9] propose analysis of
capacity enhancement brought by smart antenna for
PCS and IS95 networks respectively. Both are based on
theoretical single path propagation models.
The chosen approach for capacity gain evaluation is the
following :
⇒ from link level results (E, thresholds are extracted
corresponding to the minimum energy per bit over
interference power density needed to obtain a target
BER (around 5 10-2),
⇒ simplified propagation and network models are
applied to estimate &, curves versus users density
(number of user per cell) in the test cell (see Fig. 5).
⇒ from &, curves and (E, thresholds, variation in
capacity gain with and without smart antenna are
deduced as illustrated in Fig. 6.
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As shown in Fig. 6, most working &, threshold in the
single sensor configuration are above the estimated &,
curve as those corresponding to the multi-sensor case
are below. This implies that, in such uniform user
distribution network with homogeneous service
configuration, adaptive antenna is needed to overcome
intercell intererence and to allow full capacity
transmissions.
This is summarised in Table 1 where the maximum
number of users per cell reachable with and without
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smart antenna for the different spreading factor are
mentioned.
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The impact of adaptive antenna on range extension was
evaluated in outdoor environment from (E1 gain
obtained from outdoor measurements with the different
antenna arrays. The cumulative probability density
functions of the received signal strength (measured from
outdoor measurements) are plotted in Fig. 7 for single
sensor and multi-sensor antennas.
On this figure, the sensitivity gain appears in as the
horizontal offset between multi-sensor curves and single
sensor ones. As expected the median value at 50 %
outage range is very close to the theoretical value of
6 dB for a four sensors antenna array.

Even if the proposed smart antenna algorithms present
attractive performance with respect to single sensor
techniques, their use remains subject to the
computational cost increase that they induce.
Consequently a detailed complexity analysis was led to
compare both algorithms (AJD and MPIC), to identify
the dimensioning parameters and to evaluate their
influence on the total computational cost.
The results presented in Fig. 8 concern the number of
elementary operations (here complex multiplyaccumulate : MACC) needed to process one
UMTS/TDD burst with the following default options :
- 5 users full load configuration
- channel length = 15 chips
- number of sensors = 4
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Using the same propagation model as for &, estimation,
the coverage gain, expressed through the cell radius
ratio with and without adaptive antenna, can be derived
as follows :
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(b) Multistage Parallel Interference Cancellation algorithm computation cost
total
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where 66 stand for single-sensor and MS for multisensor.
It comes out that a gain of 6 dB in (E1 ratio allows to
increase the cell radius by a factor of 1.4 corresponding
to double the coverage area.
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Fig. 8 is split into upper part (a and b) and lower part (c
and d) where the results are given for type 1 burst
(midamble length of 512 chips) and type 2 burst
(midamble length of 256 chips) respectively.
Within each part AJD and MPIC complexity are
compared and detailed step by step.
From these results the following points come out:

- MPIC appears to be at least twice less complex than
AJD,
- the influence of the burst type is not significant on
complexity
- channel estimation is not the dimensioning step of
the demodulation process

9&21&/86,21
Two multi-user/multi-sensor demodulation techniques,
AJD and MPIC, were evaluated either on simulated
signals or on outdoor measured signals combinations.
Results showed very satisfactory performance for both
algorithms. With four sensors, smart antenna reaches up
to 8 dB versus single sensor demodulator on signal to
interference ratio working threshold.
These link level evaluations translate into system level
improvements in term of capacity an range extension
increases.
However if both techniques perform similarly,
computational costs present significant differences
(MPIC is between 2 and 3 times less complex than
AJD).
Finally, this work showed that as far as uplink is
concerned, a smart antenna in conjunction with multiuser techniques constitutes a very attractive solution for
demodulation stage in Rx process at the base-station,
especially if the network is fully loaded. In this context
MPIC algorithm seems to realize the best performance
versus complexity tradeoff.

Computational cost depends on various parameters.
Therefore, to assess more carefully algorithms
complexity, cost variations versus main parameters
(channel impulse response length, number of sensors
and number of users) were investigated. The
corresponding variation curves are presented in Fig. 9.
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Complexity variations are mostly linear except in Fig. 9
(a) where AJD complexity curve grows nearly
exponentially versus channel IR length. In any case
MPIC cost grows significantly slower than AJD one
confirming that MPIC is by far the cheapest method to
implement. Moreover MPIC does not require high
dynamic floating point operation capabilities as AJD
algorithm does to estimate inverse matrix.
To give an idea of the computational power needed to
demodulate one uplink multi-sensor UMTS/TDD
carrier, we fixed the number of uplink bursts per frame
to 5 (one third) and we approximated AJD and MPIC
computational costs to 13 105 MACC and 6 105 MACC
respectively. The result is that, required computational
power in scalar multiply-accumulate is given by the
following expressions :
PAJD = 13 105 x 5 x 4 / 10 10-3 MAC/sec
= 2.6 GMAC/sec
PMPIC = 6 105 x 5 x 4 / 10 10-3 MAC/sec
= 1.2 GMAC/sec
As a matter of comparison, TI C67-167 and TI C62-300
realize 0.334 GMAC/sec (floating point) and 0.6
GMAC (fixed point) respectively.
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