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ABSTRACT

This paper presents UMTS FDD (Universal Mobile Telamunications System - Fre-
quency Division Duplex) SHO (Soft Handover) featuaad its impact on the network per-
formance. Optimal values of SHO dynamic parametezee proposed and verified and
measurements carried out proved that enlargindgsth@® area in the indoor environment
will lead to a significant improvement in the netkoMeasurements of the UMTS SHO
performance have been performed in an experimarabr UMTS picocell, where the ef-
fect of changing SHO dynamic parameters has beeiest

1. INTRODUCTION

SHO is one of the most important features in theM&MFDD network that makes the data
transition smoother and may improve the overallecage and capacity performance of a
network by means of macro diversity. To achieve libst QoS (Quality of Service) and
provide flexibility in the network, dynamic parareet that characterise the SHO have to
be chosen ingeniously, relative to the propagatioaracteristics and the available SHO
gain. It is necessary to understand the behaviblBHO especially in indoor environ-
ments, where the propagation is affected by meltipflections, causing large fluctuations
of the received signal and hence, more attentionlghbe paid to various cases of the ini-
tial network planning.

2. UMTS HANDOVER

Handover is the essential way of providing mobiirtya cellular architecture when moving
from one cell to another [1]. Different types ofndavers have been introduced in the
UMTS system in order to cope with requirements sashoad control, coverage and ca-
pacity, and to provide required quality of servj2g For a user having an ongoing com-
munication and crossing the cell edge, it is mamevenient to use the radio resources in
the new cell (so-called target cell) because tgeadistrength received from the “old” cell
IS getting worse as the user penetrates the taedjefThe whole process of removing the
existing connection in the current cell and essdiitig a new connection in the appropriate
cell is called “handover”. The ability of a cellulaetwork to perform efficient handovers



is crucial in order to offer attractive serviceslswas real-time applications and streaming
media as planned in third generation networks [3].

UMTS handovers can be divided into different typeEh as intra-frequency, interfre-
guency, UMTS to GSM and other inter-system handover this article, only SHO and
softer handover performance will be considered.

2.1. SOFT HANDOVER

SHO is a handover in which the mobile station aaldd removes radio links in such a
manner that the UE (User Equipment) always keep® fanks to at least two Node B’s

[1]. During the softer handover, the UE has a cotiae to two or more sectors of a single
Node B. The transmitting power of the UE is coreéwlby that Node B, to which the low-

est propagation loss exists. The data transitigreitormed in the following matter: on the
uplink, the signal from the UE is decoded in twonwore Node B’s and then routed to the
RNC (Radio Network Controller) where the multipl@grals are combined. On the

downlink, the data stream is duplicated and semutfh Node B’s with specific scram-

bling codes. The UE receives and decodes all capittee data and combines them [4].

SHO procedure is divided into three phases: measne decision and execution. In the
measurement phaskg/Ny of the CPICH (Common Pilot Channel) is evaluatadda on
measurement of theSCP (Received Signal Code Power) and B&#S (Received Signal
Strength Indicator)RSCP is the power of the decoded pilot channel is the total
power in the channel bandwidt&/N, is defined aRRSCP/RSS.

2.2. SOFT HANDOVER ALGORITHM

UE continuously measures the CPICH level of sugtatglls and sends the results to the
RNC. The cells to be measured are in @@ Info List which is transmitted in the SIB
11/12 (System Information Block). According to thmeeasurement RNC decides which
SHO event will be activated. Three events are defimddition of a cell to the Active Set,
replacement of a cell and a cell removal or drognévExecution depends on the CPICH
power level and on the time-to-trigger valiéminimal time for which the CPICH signal
level has to remain above or below a certain lidetined by the macro diversity thresh-
old). Those cell that UE measures belong to ActiWenitored or Detected Set. Active Set
is defined as the set of cells that are used sametiusly and these cells are included in the
Cdl Info List. Monitored Set includes cells that are not indhve set, but are included in
the Cell Info List. Cells included in the Detected Set are neithévlamitored nor in Active
Set. According to [2] soft handover occurs in 2094®f the connections.
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Figure 1: Example of the soft handover algorithm [ 5]



2.3. SOFT HANDOVER GAIN

During the SHO, transmission is performed througirerthan one Node B and as it will
be explained later on, this is the reason why tkettdnsmission power can be lowered.
Since there is more than one Node B receiving itheak the probability of correct recep-
tion increases, and thus the transmitting powerbsadecreased in order to keep the same
BER. This can be explained by this example: itasgible to accomplish a given BER us-
ing only one link that fulfils this quality requimeent or by employing two separate links
with lower quality as long as the combining effectsufficient to provide the requested
quality of the radio connection [1]. For instanieg,us assume a desired BER of*1This
quality can be achieved when using only one radiothat fulfils the given BER or when

using two radio links, each with a BER of only?@&s 10>10%=10%). Lowering the link

quality enables the transmission power to be kefuveer levels resulting in less interfer-
ence in the system. This phenomenon is calledhswitiover macro diversity gain.

3. UMTS HANDOVER MODELLING

UMTS network has been modelled with help of the @®PNModeller simulation tool. The
analysis demonstrates the SHO procedure and exauthieeinfluence of macrodiversity
threshold values on the SHO probability and the 4. SHO probability can be calcu-
lated either as a number of users in the SHO stagethe total number of users or as a ra-
tio of the time spent in the SHO state and thd totee [1]. The time ratio method is valid
only for a UE moving with a constant speed acrassdells. In the following simulation,
the second method has been used. This scenaepided in Fig. 2).
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The analytical model consists of two Node B’s splat800 meters apart. Power level of
the CPICH is same for both Node B’s (CPICH1 = CPICH20=dBm).
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Figure 2: Analytical model used for SHO simulations (a). UE transmission power as a func-
tion of the distance from Node B1 for two different reporting ranges is depicted in figure b).

SHO gain has been calculated as a difference battireeaverage transmitted power dur-
ing the SHO and the situation when only hard haedas enabled (equation 2). Fig. 3
shows SHO gain and SHO probability performance fasetion of the reporting range.

SHO Gain[dB] =10 Dog{ MAX [ time _ averag€lrX _ power o) D @)

time _ averag€lX _ power ko)
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Figure 3: SHO probability and SHO gain as a function of the reporting range (threshold for
macr odiver sity). Negative gain corresponds to such a situation when HHO outperforms SHO.

It has been observed that the maximal achieved igaihis scenario is around 0.65 dB.
This may seem negligible, but when consideringaaéal cell with up to 20% of UE in the
SHO state, the total uplink interference will dexse, and hence it will improve the overall
coverage and capacity of a network.

4. REAL TIME MEASUREMENTS ON UMTS

Real time measurements have been performed imtteoi environment with access to
experimental and commercial UMTS networks. SHO greriince has been examined for
various reporting ranges and time-to-trigger vallebas been shown that the optimal in-
door soft handover parameters differ from thoseofsidoor environment. Optimal values
have been proposed for the macrodiversity thresaottitime-to-trigger values in order to
avoid some critical behaviour such as the ping-peffigct (continuous additions and re-
movals of new links due to CPICH fluctuations) e drop call.

4.1. MEASUREMENT ENVIRONMENT

The UMTS FDD indoor network consists of a RNC siatat, two Node B’s and DAS
(Distributed Antenna System) as shown in Fig. 4e THAS is a combination of discrete
antennas and radiating cables, covering one uniydrsilding. Measurements have been
analyzed with help of the Nemo Outdoor tool andMT$ enabled mobile phone Nokia
7600. SHO measurements have been carried out &8@ngeters long corridor with de-
fined SHO areas. Results of the real-time measurtsage presented in the conclusion.
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Figure 4: Distributed antenna system used for measurements.



5. CONCLUSION

Measurements of UMTS SHO performance have beeronpeefl in an indoor environ-
ment, where the effect of changing the SHO dyngrarameters has been studied. In order
to mitigate the effect of fast signal fluctuatiomsthe typical indoor environment and to
eliminate the ping-pong effect, larger SHO areasukh be considered. This has been
achieved by prolonging time-to-trigger values agdrizreasing macrodiversity thresholds.
Large ping-pong effects were observed in such ¢aseshich the dynamic parameters
were set too low, e.g. «add cell» event 100ms/IuB«@emove cell» event 100ms/1.5dB —
these values correspond to the typical outdoor mhymparameters, where smaller SHO ar-
eas are desired. Optimal values for the time-ggar and the macrodiversity threshold
were set in our specific indoor environment asofol: «add cell» event 640ms/6dB and
«remove cell» event 640ms/8dB subsequently. Thitingewill guarantee a larger SHO
area in the indoor environment, but on the othedhas shown in our SHO simulation, an
inadequate increase of the macrodiversity thresfmldr 6.5 dB and more) may lead to
higher energy consumption due to multiple connestidn such a case, SHO is no more
favourable since the macrodiversity gain is ntfiby additional interference. This is the
reason why the dynamic parameters should be defapdrately for outdoor and indoor
environments. A longer time-to-trigger value anggher macrodiversity threshold should
be set in indoor environments in order to avoid-dedps, while in the outdoor environ-
ment, the dynamic SHO parameters should be setr lmnarder to profit from the avail-
able SHO gain and hence to decrease the uplinkeneéace in a cell.

Another interesting direction for the future restashould be focused on the SHO gain
performance in the specific indoor environmentsisThpic is very challenging since the
indoor environment exhibits a very low delay spreatie and hence the UMTS behaves
as a narrowband system with no sufficient multipditkersity gain. A solution for the spe-
cific indoor environment might be based on new MIvM@thods. Another interesting idea
could be based on a deliberate introduction of pespagation paths that exhibit inde-
pendent fading and that are resolvable by the red@ver.
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