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Abstract: This paper investigates the impact of shadow fading on tHRAUQo0S
performance when operating under mixed service conditions. Resel{sresented that
characterise the behaviour of both circuit switched (i.e. 8kipeech) and packet
switched (144 kbps non-real time data) services. The fast dynafitite shadow fading
induce a large number of handovers and hence a large number of drolpeliedo
blocked handover.

1. Introduction.

UTRA will provide a wide range of different bit-rate bearersupport from high data rate services to
low data rate services, packet switched and circuit swdtchad their combinations (multimedia
services). Extensive specification work has been carriedabtihe standardisation bodies on the
detailed description of these bearers and their performarmggthtink level simulations. The system
capacity for different bearers has been investigated throrggns simulations [1, 2]. However, few
results are available on combining different bearers anfictchyfnamics [1, 3], and its impact on the
overall system performance. The radio resource managememt)(RRorithms employed will
substantially affect these results. These algorithms enegleft open in the specifications for
proprietary solutions to allow for system differentiation and continugatemm optimisation [4].

This investigation was carried out using a proprietary UTRstesn simulator developed at the
University of Leeds as part of the IST FP5 project SOQUHIE simulator allows experiments to be
carried out at the system level for the characterisatitheoU TRA under different configurations and
operating conditions, and to determine the sensitivity of theraységformance to certain important
parameters.

Shadow fading has an important influence on the dynamics of thepattlioss that is reflected by a
considerable impact on the diversity and handover processe$amdote, on the system’s admission
dynamics and outage control. Therefore, shadow fading has been imgénretie simulator and
this implementation is described and evaluated in Section 2.

2. System Level Simulator.

The simulator models the uplink channel of the frequency divisioplex (FDD) component of
UTRA. The uplink simulation consists of dedicated channel datssiission and signalling being
sent from the mobile station (MS) to the radio network subsy&RS), and signalling sent from the
RNS to the MS. A multi-cell layout is simulated consistingaotluster of cells in a wrap-around
configuration which is adaptable to the test environments proposid. iBase stations are located
directly by a set of coordinates that can be placed in realistic arrangeriultiple layers of cells can
also be accommodated within this scheme. Simulation experinrenpsesented for the Vehicular A
(low multipath delay spread) environment, as defined in [5], with one layer of orantidital macro-
cells. These are deployed on a regular cluster of 19 hexagolsalscethat each cell has two tiers of
independent interfering cells around it. This will ensure a lawretation level of inter-cell
interference. Each cell has independent traffic generation sat Bgisson distributed call arrival
process for each type of service, enabling unequal cell traffic Is&ibdtions to be simulated.

The users generating these calls are uniformly distrikintdte cell, moving at a constant speed on a
pseudo-random semi-directed trajectory. Realistic traffic mewtmatterns can be over-layed on the
cell location map. The simulation sample period is 10 ms correspptwlia dedicated traffic channel
(DTCH) frame. The mobility model for the vehicular environmease is defined by the following



parameters: speed = 120 Km/h, probability to change direatigosition update = 20%, maximum
angle for direction update = 45 degrees2f.5 °) and period of position update (T_posUpdt) = 500
ms.

In principle, fast closed-loop, perfect power control has beamress closely tracking the fast fading
up to the simulated mobile station speeds. The shadow fading mseela simple decreasing
correlation function to model the correlation properties ofctennel. Given a user velociy(m/s)
and signal strength (pathloss) measurement périfg), the correlation of the pathloss between the
samples is given by

Re (k) =0?a"
where Ry (K) is the correlation with samplk, ¢ is the variance of the shadow fading, and the
correlation coefficienta is given bya=¢7'"?. The termep is the correlation between two points

separated by a distanPeand is provided in [6] calculated by curve fittitga body of measurements.

A white Gaussian process filtered through a firsteo filter with a pole at will produce a shadow
fading component with a normal distribution in d8raquired. Such a filter, represented in Figure 2,
can be described by the following difference eaqunati
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Fig. 1: Block diagram for the shadow fading compurgenerator.

Given that the Gaussian sequeRghas a meap, and a standard deviatian, the filter output will
have a mean valye,,
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The desired shadow fading component has mean @&fdine, the Gaussian noise generatgdwill
have meam ;= 0 and also the mean of the filter outpytwill be O.

The shadow fading will be updated in the UTRA Siatait with user position updating, with a period
T =0.5 s. The vehicular user velocity, is constant at 120 km/h (i.e. 33.3 m/s) and itmiglies a
correlation distance between consecutive samples,16.6 m. Looking at the graph provided [6], a
distanceD = 16.6 m corresponds t® = 0.97. The shadow fading standard deviation usegl,as
recommended in [5], is 10 dB.

3. System Simulation Results.

The impact of the shadow fading on 8 Kbps SpeechldbD144 services has been evaluated for a
cell radius of 2000m with perfect power controledatined for mixed traffic conditions. Figures 2 & 3
compare the effect on the performance of the spsenlice of considering shadow fading. It can be
seen how calls start to be blocked at a lower effdpad when including shadow fading (around
600kbps of offered load versus 720 kbps withoutlelafading) due to the larger average intercell
interference introduced by the shadowed calls. &l@rage intracell and intercell interference levels
can be seen in Figure 3. They show the interceéirierence being consistently larger for the
shadowed case and the intracell interference b#egsame for both cases (as commanded by the



power control) though the interference for shadadirfg saturates at a lower load. This has theteffec
of reducing the system throughput.
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Fig. 2: Impact of shadow fading on Speech senda#:blocking vs. offered load
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Fig. 3: Impact of shadow fading on 8 Kbps Speechics
intra-cell and inter-cell interference levels vBered load.

In the case of the UDD 144 service, the handowakihg probability for non-shadowing remains low
over the offered load range investigated. Thisttisbatable to the fact that the packet call dunai
are short compared to the cell dwell time thus cadpthe natural handover frequency of packet calls
However, when shadow fading is included the nunafdrandovers increases dramatically as shown
in Fig. 4. This is attributable to the more frequdagradation of the link quality caused by shadow
fading taking place during the call hold time. tiher words, the shadowing effect is more dominant



that the normal cell pathloss effect. With shad@aalirig the probability of being handed over is
increased even though the mobile may not be ctodeetcell perimeter.
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Fig. 4: Impact of shadow fading on UDD 144 servical handover vs. offered load

4. Conclusions.

A simulation investigation into the impact of shadéading on UTRA performance under mixed-
traffic conditions has been presented in this papke pathloss calculated including shadow fading
for each user to each neighbour cell generatesch more dynamic intercell interference pattern in
the system’s interference map. This generatesge laumber of handovers and with it a two-fold
effect on the QoS. On the one hand, since the shéalting will add positively or negatively to the
pathloss, the UE will attempt to handover to thedk with less destructive shadow fading in an afiem
to improve quality. On the other hand, by incregdime number of admission control events due to
shadowing, the system has more opportunities tokldalls in order to control outage dips within a
cell. This leads to substantially more droppedscaithin the system.
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