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Abstract — Coexistence issues of PHS and DECT in Fixed services with the help of FWA Networks should be encouraged
Wireless Access Network environments, working in exactly Developing nations like China, India, Brazil, Russia, anddne-
the same frequency band rather than using frequencies as sia look to FWA Network technology as an efficient way to de-
currently defined by its respective ARIB- and ETSI stan-  ploy telecommunications for millions of subscribers, witit the
dards, are covered in this contribution. An overlapping expense of burying copper wire. FWA Networks applying es-
configuration is chosen by regulators of developing countes,  tablished systems such as DECT and PHS have the potential
i.e. Colombia and Thailand, under support of uncoordinated  bringing telecommunications to many areas for the firsetawer,
installation and coexistence for all systems, to insoire me  where access to traditional fixed services is still manyyeavay.
operators to invest into the radio access networks. By means It is against this background that our work should be exam
of simulations of asynchronous DECT and PHS applications, ined. Initially, in two countries, Colombia and Thailand{® and
the mutual interference levels are examined and the Grade DECT are licensed for use in FWA Networks equally within the
of Service of both systems are measured and evaluated. Fre- frequency bands 1900 .. 1920 MHz, and 1902 .. 1918 MHz, wher
guency Sharing Rules are defined for spectrum efficient and they are required to maintain the fair coexistence. Sinc& Bsi
fair coexistence of PHS and DECT. well as DECT applDynamic Channel Selection (DC&ycept for
the control carriers in PHS, the systems are expected to thife
Keywords -Wireless Local Loop, Fixed Wireless Access Net- capability of coexisting in the same frequency band.
works, DECT, PHS, Coexistence, Frequency Sharing Rules In this paper, simulation results are presented to showrthe i
fluences of DECT and PHS on each other in specific channe
configurations. Assuming two control frequencies of PHSclh
must be guarded not to be interfered by DECT, independent an
asynchronous systems are simulated within FWA Network-envi
ronments.

In the next section, DECT and PHS are briefly described an
confronted, but without comparison in terms of traffic ceipaper
transmitter or spectrum efficiency. See [5] or [10] for a qete
evaluation.

The propagation and system models used in simulations at
described in Section Ill. Simulated scenarios and conéitions
are discussed in Section IV. Results are given in Sectionhéres
fundamental Frequency Sharing Rules are discussed.

I. INTRODUCTION AND MOTIVATION

Japanes®HS (Personal Handyphone Systeamd European
DECT (Digital Enhanced Cordless Telecommunicati@rs)both
suitable for connecting subscribers of telecommunica@mices
to their local exchange of the PST({Rublic Switched Telephone
Network)in place of conventional copper cable [1-5]. Using a
wireless link shortens the construction period and alsaices
installation costs.

Fixed Wireless Access Networks (FWA Netwocksgring this
so—called last mile offer the flexibility to meet all the need fu-
ture applications [6, 7]. There are a few equivalent expoasgor
these radio networks for coverage of the last mile, &\freless

Local Loopor Radio in the Local LoopAccording to [8], this con- Il. PHS AND DECT [5], [11]
tribution adopts the ITU terminology. Henceforth the terkvA
Networks is used in this context. The PHS and DECT systems are designed to cope with hig

The deregulation of the world—wide telecommunication mar-voice and data traffic loads. Table 1 gives an overview abott
ket is currently leading to new entrant companies in thisare techniques. To allow the traffic to be distributed unevanhere
These companies need direct access to their customersutvithgpeak loads are time and geographically varying, Dynamion€ha
being dependent on the infrastructure of the present fistgark  nel Selection (DCS) is applied in both systems. Basicakyeh-
operators. FWA Networks will help unlock competitionin the  tire frequency spectrum with all channels is available iohecell
cal loop, enabling new operators to bypass existing wieefint-  to provide terminals with suitable connections at a low king
works to deliver voice and data access to new regions. probability even in areas where the number of calls is vegi hi
Economically important, the emerging economies of theavorl By means of DCS applied in DECT and PHS, base station po
very often lack the resources and financial support to nstm-  sitioning is simplified and a flexible multi-operator ersmment
ventional wired telecommunication systems [9]. In thisteahh ~ in the same service area is supported. However, some t&stsc
telecommunications can be seen as one of the key driversqiwhiconcerning the fixed control frequencies in PHS systentisrati
will ultimately determine the future of developing couesi As  quire a certain amount of frequency planning in advance ffit# P
a matter of fundamental relevance, a fast roll—out of tebeyeh The aims of PHS span those of cordless and cellular system



Table 1:

Summary of PHS and DECT Characteristics

Parameter PHS DECT

Invented Region Japan Europe

Standardized by TTC/ARIB ETSI

First Service 1995 1993

Initial Frequency Range [MHz] 1893,5-1919,6 1880-1900

Radio Carrier Spacing [MHz] 0,3 1,728

Data Rate per Carrier [kbit/s] 384 1152

Channel Assign. Method DCS DCS

Speech Data Rate [kbit/s] 32 32

Speech Coding ADPCM ADPCM

Control Channels fixed Control In-Call-Embedded
Carriers (logical channels:

C,P,Q,N)

Duplexing Technique TDD TDD

Multipl. Acc. TDMA [Timeslots] 4TDD 12 TDD

Timeslot Duration (incl. Guard Time)§] 625 417

TDMA Frame Period [ms] 5 10

Modulation Technique m/4-DQPSK GMSK

Handover between Base Stations Yes Yes

Cellular Capability Yes Yes

encompassing the idea of a low-cost wireless handset thdteca

The DECT standard was specified by the European Telecon

used in both indoor and outdoor environments, to access fixemunications Standards Institute, ETSI in 1992. A DECT nekwo
network supported services. In Japan PHS forms the basis fig a micro-cellular digital mobile radio network for higharden-

public micro-cellular network access by subscribers mgwiith

sity and primarily for use inside buildings. However, outdap-

pedestrian speed. As PHS is a system for private and puldic usplications are also possible. The DECT standard permitsaine-

portable stations (PS3upport two modes of operation, public and mission of voice and data signals. Consequently, cordlass d

private. The public operation mode enables the PS to ackess tnetworks can also be set up on a DECT basis. The use of ISD

public PHS service areas. The private operation mode emablservices is also possible. In outdoor areas the maximurardist

a PS to access private systems like a wireless PBX or the honltween base and mobile station is approx. 300m; in buitging

depending on the location, it is up to 50m. Larger distancédlse
The PHS technology was developed in Japan and standardizbdse station can be bridged through the installation ofaujate

by Japanese standards organizations. The Associationdib Ra base stations using the relay concept.

Industries and Businesses (ARIB), formerly known as the Re-

digital cordless system.

search and Development Center for Radio Systems, drafeed th

standard for the PHS Common Air Interface, which was pub-
lished as RCR STD-28 [1]. Further extensions to the basic PHS At the chair of Communication Networks (ComNets), a sim-
standards are being developed. One extension is aimed at FWAator was designed that allows the analysis of a multitutle o

Network applications (including support of ISDN services)d
another at PHS over cable TV (CATV) networks.
PHS employs ar/4-shifted DQPSK modulation with a roll-

[ll. DECT-PHS SIMULATION TOOL

different DECT-installations: ThBECT-SImulator DESI.
This DECT simulation tool has been enhanced to run protocol
following the Japanese PHS standard [1] as well. With the hel

off factor of 0.5. This modulation scheme permits a variety o of the simulator it is possible to perform a detailed fac&mi
demodulation technigues to be used, such as delay detection of characteristic qualities of either DECT- or PHS-systeons

herent detection and frequency discrimination detectramther-

their coeval operation. Thus it is possible to achieve imfation

more, the use of the DQPSK modulation method enables a highbout system behaviour in certain environments. Examples a

spectrum utilization compared with GMSK modulation apglie

predictions concerning the probability of blocked resst lealls,

DECT, but on the cost of higher requirements on the signai+o i handover behaviour or capacity limits.

terference ration C/I. Therefore in DECT and PHS, traffigazity
per cell in multicellular environments is nearly the same [5

The number of systems to be simulated, together with thei
respective amount of base— and mobile stations is arlytrari

In contrast to the DECT system, where it is the mobile’s taskavailable, only restricted by hardware capacity and sitrara

to select a suitable channel, in PHS this is done by the base sttime.
tion. With a link channel establishment request or a TCH cwit
ing channel request, the PS asks for the assignment of aehanncomponents.

The base station can automatically pick up carriers at naraiod

select an available carrier. If no carrier is available,Gt&erefuses
the request. The PS will then automatically request agairtpu
three times. In case there is still no channel availableP®&vaits
then a certain time before another try is possible.

Using well defined interfaces enables the simulator t
interact with a various kind of existing or to be developesteyn

In addition to the specifications of the respective stadsiar
specific parameters of each system can be varied, such &s-the
tal number of channels, the mutual position within the frery
band or, in case of PHS, the number and position of the fixed co



trol carriers. Thus it is possible to run standard-confoimusa-
tions on the one hand and evaluating coexistence rules pingar
some of these parameters on the other hand.

The mutual impact is determined by fixing the respective fre
guencies and slots for a connection of the one system in the sl
matrices of instantiations of the other system. Possiblaydeor
drifts between the individual systems are taken into actolm
terfering channels are only regarded if a transmitted mwstlaps
with the considered interfered burst. Overlapping of gttars
does not pay a contribution. In the frequency domain, the im-
pact of PHS on DECT is modeled as non-correlated narrow band
noise. Thus a PHS connection interferes a respective DE&ii-ch
nel by the whole received signal power. To determine the ahpa
of DECT on PHS, the respective bandwidths as well as the power
spectral density of the modulated DECT signal are regarDed.
pending on the relative frequency shift of the PHS chann#éi¢o
interfering DECT channel only a certain part of the transzait
power is taken when calculating the noise level for this @mn
tion.

Figure 1: Frequency-planning with fixed cluster structure

IV. SCENARIO

The aim of this work is to investigate the amount of trafficttha =6+D— —o* q” (2)

still can be handled in a WLL scenario, where both DECT and

PHS providers offer their service. In this equation, g=D/R is called th@o-channel Interference
Due to [12], there is a linear relation between system radiugeduction Factar

and portable traffic, if the same pathloss model is used. The

c_ R 1
I

portable traffic is independent from the coverage (cek)stze- D 6 o\ 3
cause it only results of the co-channel interference ratib C 1=5 = *T ©)
Within PCS-systems underneath house roofs, it can be assume ) )

that for distances of more than 150m, the pathloss-modetiis-i For an assumed cluster-size of 7 the co-channel interferenc

pendent from the cell-radius [13]. If the cell-size is ratbmall ~ réduction factor is given to q=4.58 [15]. Together with athjizss
(e.g. less than 50m), the probability for line of sight (Lasp-  factory =35 and equation 2 this leads to a C/l ratio@f 1 =
nections increases and thus a minor pathloss-coefficiertoliae 5 * 4-98°" = 15.35 dB which satisfies the for PHS required C/I
employed. For the following simulations a cell-radius obag ~ value.

was chosen. The transmission power was adjusted in such,a way

_that a r_eception level of -65 dBm at the boundarie_s _of eadh cel V. RESULTS

is possible. Due to [14], the chosen cell-size is sufficierddrry

traffic of 200 Erl/km?* which responds to 100% of the traffic in A, Positioning of the Base Stations

local networks.

In the scenario, 19 BSs of each kind of system are arranged. Regardless whether several operators commence offerning se
Together they form a hexagon with one centered BS of each sygice in new areas simultaneously or whether one operatergnt
tem, surrounded by six other BSs and another circle of 9 B&s. F a territory already supplied by a competitor: The first skeg
the analysis of the results, only the 7 inner BSs of one syst@m in a sophisticated network engineering. Some importare@sp
evaluated. This is to minimize side effects which wouldehy ~ which have to be considered are the traffic to be carried-(sub

the absence of interferences of further connections. sequently the cell-size), pathloss and attenuation. Glazm-
o nected to these considerations is the positioning of the B8s
A. Clustering in PHS ten, local authorities offer suitable places for instédlat e.g. at

. ) ) the top of public buildings or schoolhouses, such that ifadtan
For the fixed CC of PHS a network planning with an underly-¢qgts can be kept more minimal. On the other hand this inslude

ing 7-cell clustering, as shown in Figure 1 was performed. a tendency for establishing a likewise cell-infrastruetamong
Due to [15] the co-channelinterference ratio C/lis obtdibg  ihe competitors. However, investigations in [13] and [18]the
the following equation: operation of several DECT systems in the same area have shov

C R the influence of the positioning of the BS on the portablditraf
S By ea— (1) It was shown that in scenarios with a shifted cell-infrastuue-
I > k=1 Dy, arrangement more traffic could be carried than in a co-jorsit-

whereby R stands for the cell-radius, 3 the distance to mo- arrangement, though the scenarios had the same footpoint.
bile stationk and~ is the pathloss-coefficient. Since in Figure 1 ~ Concerning the coexistence of DECT and PHS, a qualitative
K =6 cells are arranged around the central cell and all diseanc adoption of these consideration was performed and sinoulgti
are set to be equal, equation 1 can be simplified to have shown the augmentation of portable traffic by this mesas



For the following simulation series once the BSs have beePHS). In heavily interfered scenarios, there is a big damnge
co-positioned, afterwards a shifted arrangement. being supplanted by DECT systems.

Figures 2(a) and 2(b) point out the improvements for bothTo circumvent an extrusion of PHS, the idea is to detach alsma
system types. It can be seen that both system types profitiby t part of the shared frequency band and assigning it for exelus
measure. Regarding a GoS of 2% the portable traffic of one PH8se to PHS, thus the susceptible control channels can bedlac
BS raises from approximatelyEr! to 5.4 Erl, cf. Figure 2(a). within, see Figure 4. At first sight, the only party to prdiiom
Even better results are achieved for the DECT systems. Thethis measure is PHS, as DECT looses bandwidth includingsa los
average traffic per BS could be enhanced fetbErito 7.2 Erl. of trunking gain.

Figure 5(a) shows the improvement for the PHS systems. Re

The influence of a shifted arrangement in relation of the twagarding a GoS of 2%, the amount of portable traffic rises from
system types is shown in Figure 3. Since both parties prafinf 5.4 Erl/BS to 7.5 Erl/BS. This corresponds to an increase of
this measure it is evident that the globally carried medfitrean ~ 39%. Table 2 shows the reasons for this performance gain.
be enhanced, namely from8 Eri/BS (Fig. 3(a), 2% GoS) to It can be seen that as a result of this measure not even or
6.5 Erl/BS (Fig. 3(b), 2% GoS). failed synchronization takes place. In general, there we t

A shifted positioning of the BSs of the different systemsetyp reasons for failed synchronizations: The first one is apton
therefore features by favourinigoth system types, DECT and level below the sensitivity of the respective system’s scaiver
PHS. Since neither of the systems improves its service atasie  (DECT: -86 dBm, PHS: -96 dBm at BER* 10~%). However,
of the other the globally carried traffic (at the same GoS) ba this can be excluded since the transmission power was chiosen
enhanced. As a consequence, this arrangement contribusés t SUPply even the edge of the coverage area with a minimum leve
fect a higher spectral efficiency and a better exploitatbrthe ~ Of -65 dBm. Thus the only remaining reason for a failed syn-

spectrum. chronization is an insufficient C/I ratio. Within this sitation, a
mobile can synchronize, if the received C/I is equal to, oreno
B. Exclusive Use of Frequency Bands than 12 dB for DECT and 12+3=15 dB for PHS. The additional

3 dB for PHS thereby is to consider the different modulation

1) Exclusive Use by PHS-CCThe most important difference schemes GMSK and/s-DQPSK [16]. Since the chosen measure

between DECT and PHS is the use of fixed control channelsCCgrovides protection to the PHS’ CCs from being interfered by

within PHS. Their task is to transmit control informatiometied DECT and guard channels provide protection against PHSedaus
especially for mobile managementand call control. The Pi&s interferences, all PHS mobiles are able to synchronizes ihi

dards protects these frequencies from disturbing inteniegs by  independent from the amount of traffic because the CCs in PH:

introducing unused guard frequencies. However, this nreasuare not allowed to be used by any traffic connections. The nex

only protects of interferences caused by the same systee typ Overlapping Band

6 7 6
PHS 2 —— 7 DECT'2 ——
PHS_1 e DECT_1 —-x-r

Communication

1 . ¥, g . 1 . .
2 3 + 1 2 3 + 1 Frequency —»

,,,,,, 1 e Overlapping Band Exclusive Use
1 + 1 1 [t e

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Traffic/BS [ERL] Traffic/BS [ERL]

Communication

Control )
Control

(a) PHS—-PHS (b) DECT-DECT

) o o Figure 4: Exclusive Frequency Assignment for PHS-CC Use
Figure 2: Influence of BS-Positioning within the same sydigme

PHS Traffic/RFP [Erl] | Traffic/RFP [Erl] | Traffic/RFP [Erl]
‘ Simulation Results 4.8 6.4 ‘ 8 ‘
® [oEcTT —— 7 ® [oEcT2 —— bandwidth commonly shared
o Lmeans 27 ra i § Lmeans 27 | No of Calls 1739 2395 3014
Failed Bearer Setups 1 4 72
4 i . 4 i . Failed Synchronizations| 26 57 43
£l / | =l | Blocked Calls 27 57 59
8 8 )% Dropped Calls 0 1 14
2 - e . 2 . .
B 2l B with partial exclusive use by PHS
1 - . P — /\/ . No of Calls 2431 3139
Failed Bearer Setups 9 42
T2 3 4 s s 7 8 s 1w T2 3 4 s s 7 8 s 1w Failed Synchronizations| 0 0
Traffic/BS [ERL] Traffic/BS [ERL] Blocked Calls 5 18
Dropped Calls 1 6

(@ (b)
Table 2: Simulation Results for PHS with and without exaclasi

. o . sub-band use
Figure 3: Influence of BS-Positioning on the opposite sysiga



step after synchronization is a connection setup (eithesulsse of that can be used by PHS without (or only with little) impact
an incoming call or because of the user’s setup request)reThe of DECT. On the other hand, these connection do not interfer
fore the base station proposes a slot/frequency combm&tio the DECT systems, too. Applying a DCA algorithm for channel
the mobile, that has to confirm the applicability of this ohal.  selection, PHS will always chose quiet channels for set8pse
The number of failed bearer setups is given in Table 2 as welthese channels are most likely not interefered, they willaglk
Thereby it has to be considered, that this value includes thbe the first one to be in use. Therefore they turn out fromdpein
number of failed setup requests and of failed bearer setups fpossible interferers for DECT and thus cannot cause blooked
handovers. More meaningful for the performance gain of P$HS idropped calls.

the number oblocked calls It can be seen, that for a traffic of e.g.

6.4 Erl/BS the number of blocked calls could be reduced from  As shown before, the applied measure provides a performanc
57 to 5 (with an almost similar total number of calls) wherdy  gain for both systems. Therefore, as shown in Fig. 6, the mear
number of dropped calls stayed the same. This explains tt& PHraffic within the scenario could be enhanced frém Eri/BS
performance gain shown in Figure 5(a). upto8.1 Erl/BS.

Besides this, still another aspect has to be mentioned: ngawi

look at the number of PHS dropped calls for a traffi@d@rl/BS

in Table 2 opens a remarkable improvement (from 14 down to

6). This is important, since their influence on the systeraidqr- P PR
mance due to equation 4 is far reaching. The improvementisin’| l
so far interesting, since the chosen measure was mainlyedpp! _* )
to protect the CCs of PHS.

Gos [%]

3 ,.)«A

2 e 2

Regarding the system performance of DECT, one would ex- *f . L/ :
pect a deterioration because of two reasons: Firstly, tHace T T e T s e e
tion of the number of frequencies from 10 to 9 means the loss of e e
12 physical channels, that otherwise could be used for asnne
tions. Secondly, as a consequence, this leads to a decaiant
of the trunking gain. However, having a look at Figure 5(l)wh
quite an opposite system behaviour. Considering a GoS of 2%;igure 6: Influence on the opposite system type for exclusine
the portable traffic per BS could even be enhanced frodhEri band use by PHS

(@ (b)

t08.2 Erl.
It is obvious, that if DECT were the only system type in this
scenario, the subtraction of one frequency could neveltriesan === only little impact by DECT
improved system availability. Therefore the reason haotere Emm—— N0 impact by DECT
with the differences of DECT and PHS, or to specify this, wfita ———— guard frequency

different bandwidths of their channels. Figure 7 shows theen m— control frequency

part of the shared frequency band and its usage due to the cho-

sen measure. Following the measure’s intention, the 2 CE€s ar

placed in the exclusively PHS-used frequency band correbpo

ing to DECT frequency 10. But, since 1 DECT frequency covers

approximately 6 PHS frequencies, two other ( and a part ofd th

one) PHS-frequencies profit from this arrangement. 16.500
Taken together this means that there are

15.000---

not used

channels

3frequencies 4 frequency 12channels Figure 7: Upper part of the shared frequency band with ek@us

use by PHS

6 7 6
PHS 3 —— / DECT'3 ——

- As a result one can resume that the (enforced) readiness

| N DECT to convey one frequency to PHS which, at first sightyonl
takes advantages to the latter, finally is rewarded by a ofgier-
formance forboth system types. In such a way, this frequency
’ 1 l sharing rule is able to combine the actually contrary deradiod
e -~/ I e e ] fairness and individual optimization.

1 2 3 a 5 6 7 8 9 10 1 2 3 a 5 6 7 8 9 10

Taliles [ERL] Tafiles [ERL] C. Exclusive Use for Handover Performance

(a) PHS-PHS (b) DECT-DECT The definition of the grade of service (GoS) defines a refati
of

Figure 5: Influence within the same system type for exclusiie blocked call 1

band use by PHS (4)

dropped calls 10



between blocked and dropped calls. This includes the users VI. CONCLUSIONS
attitude rather to accept a failed connection setup thancaddn- ] ] _ ] o
terrupt within a conversation (or data transmission). to isvesti- The aim of this paper was to investigate existing and to work
gate, whether a high GoS depends on a large number of blogkedut new ways of providing coexistence of uncoordinated feobi
or a (relatively) large number of dropped calls. If the Iattethe ~ radio communication systems. Beyond the background thae mo
reason, measures for reducing dropped calls can achievena na@nd more wireless applications become available, one Heésdto
able improvement, even if this is at the cost of an increasiogk- ~ Possibilities to satisfy their demand for non- or less ifeteed ra-
ing probability. dio channels. The shortage of frequency as a resource esquir
The idea is to split up a part of the commonly used frequencyn optimization of its exploitation by all participatingrtias. In
band and assign it for the exclusive use in cases of handavers Order to estimate the effectiveness of several measusgigncy
such a way, the number of dropped calls should be lowered arﬁi’]al’lng rUleS, FSR), coexistence simulations with the wrdless
consequently a better GoS should attune. Within the fohigwi telephone systems DECT and PHS were undertaken.
simulation series the upper part of the band corresponditigg ~ The evaluation of the respective FSR showed mentioning im
last two DECT frequencies may only be used in cases of harfrovements of the overall spectral efficiency and thus &ebek-
dovers. The CCs of PHS in this arrangement, are locatedasimil Ploitation of the spectrum, under the condition of fair ciseence.
to the previous arrangement in this band as well. Thereby it was shown, that cooperation does not necessesilyt
Figure 8(a) shows the improvements for PHS. It can be seelft & poorer performance of the own system. Thus it is possible
that the average traffic at 2% GoS could be enhanced frorfiicrease all system’s availability without at the cost of party.
5.4 Erl/BSto 7 Erl/BS.
DECT, on the other hand, notes a little decrease from VII. ACKNOWLEDGEMENT
7.2Erl/BS down to7 Erl/BS. This is because the little im-
provements of dropped calls confronts a highly risen nunaber ~ The authors would like to thank Prof. B. Walke of ComNets

blocked calls. This is evident, because the restrictionshef for his support and his friendly advices and inspirationshie
bandwidth leads to a smaller number of trunked channelcéibr  work.

setup) and thus the blocking probability increases. Olshiothis

effect is of more relevance in DECT than in PHS.
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