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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://webapp.etsi.org/| PR/home.asp).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Report (TR) has been produced by ETSI Project Digital Enhanced Cordless Telecommunications
(DECT).

The information in the present document is believed to be correct at the time of publication. However, DECT
standardization is arapidly changing area, and it is possible that some of the information contained in the present
document may become outdated or incomplete within relatively short time-scales.
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1 Scope

The present document describes the traffic capacity and the spectrum requirements for multi-system and multi-service
Digital Enhanced Cordless Telecommunications (DECT) applications coexisting on a common frequency band.
Configurations for typical DECT applications, and relevant mixes of these, including residential, office, public and
Radio inthe Local Loop (RLL) applications, are defined and the traffic capacity is analysed, mainly by advanced
simulations. These results are used together with relevant deployment scenarios to estimate spectrum requirements for
reliable services, specifically for a public multi-operator licensing regime. Recommendations are given on conflict
solving rulesthat conserve the high spectrum efficiency gain of shared spectrum while maintaining control of the
service quality in one's own system. These recommendations cover synchronization, directional gain antennas, traffic
limits per DECT Radio Fixed Part (RFP), use of Wireless Relay Stations (WRSs), different rules for private and public
operators and procedures needed for timely local adjustments where and when the local traffic increases. Results of
studies on compatibility with other relevant radio technol ogies using spectrum adjacent to the DECT band, are aso
included.

2 References
For the purposes of this Technical Report (TR) the following references apply:.

[1] ETSI EN 300 175-1: "Digital Enhanced Cordless Telecommunications (DECT); Common
Interface (Cl); Part 1. Overview".

[2] ETSI EN 300 175-2: "Digital Enhanced Cordless Telecommunications (DECT); Common
Interface (Cl); Part 2: Physical Layer (PHL)".

[3] ETSI EN 300 175-3: "Digital Enhanced Cordless Telecommunications (DECT); Common
Interface (Cl); Part 3: Medium Access Control (MAC) layer".

[4] ETSI EN 300 175-4: "Digital Enhanced Cordless Telecommunications (DECT); Common
Interface (Cl); Part 4: Data Link Control (DLC) layer".

[5] ETSI EN 300 175-5: "Digital Enhanced Cordless Telecommunications (DECT); Common
Interface (Cl); Part 5: Network (NWK) layer”.

[6] ETSI EN 300 175-6: "Digital Enhanced Cordless Telecommunications (DECT); Common
Interface (ClI); Part 6: Identities and addressing".

[7] ETSI EN 300 175-7: "Digital Enhanced Cordless Telecommunications (DECT); Common
Interface (Cl); Part 7: Security features'.

[8] ETSI EN 300 175-8: "Digital Enhanced Cordless Telecommunications (DECT); Common
Interface (Cl); Part 8: Speech coding and transmission”.

[9] ETSI EN 300 444: "Digital Enhanced Cordless Telecommunications (DECT); Generic Access
Profile (GAP)".

[10] ETSI TBR 006: "Digital Enhanced Cordless Telecommunications (DECT); Genera terminal
attachment requirements’.

[11] ETSI EN 300 765-1: "Digital Enhanced Cordless Telecommunications (DECT); Radio in the
Local Loop (RLL) Access Profile (RAP); Part 1. Basic telephony services'.

[12] ETSI EN 300 765-2: "Digital Enhanced Cordless Telecommunications (DECT); Radio in the
Local Loop (RLL) Access Profile (RAP); Part 2: Advanced telephony services'.

[13] ETSI TR 101 178: "Digital Enhanced Cordless Telecommunications (DECT); A high level guide
to the DECT standardization”.

[14] ETSI ETR 246: "Digital Enhanced Cordless Telecommunications (DECT); Application of DECT

Wireless Relay Stations (WRS)".
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[15] ETSI EN 300 700: "Digital Enhanced Cordless Telecommunications (DECT); Wireless Relay
Station (WRS)".

[16] ETSI ETR 308: " Digital Enhanced Cordless Telecommunications (DECT); Services, facilities and
configurations for DECT in the local loop".

[17] Akerberg, Brouwer, van de Berg, Jager: "DECT technology for radio in the local loop”,
Proceedings of the |EEE 44th Vehicular Technology Conference, (Stockholm June 8-10 1994).

[18] TIA/T1 JTC(AIR)/95.02.02-012R1: "TAG 3 (PACS) Radio Channel System Report".

[19] TIA/EIA-662: "Persona Wireless Telecommunication Standard (PWT)".

[20] TIA/EIA-696: "Persona Wireless Telecommunications - Enhanced Interoperability Standard”.

[21] ETSI ETR 042: " Digital Enhanced Cordless Telecommunications (DECT); A Guideto DECT

features that influence the traffic capacity and the maintenance of high radio link transmission
quality, including the results of ssimulations”.

NOTE: ETR 042 has been given historical status, which means that this report will not be maintained by ETSI
any longer. The historical status indicates that parts of this report may no longer be considered valid.

[22] ETSI ETR 139: "Radio Equipment and Systems (RES); Radio in the Local Loop (RLL)".

[23] Directive 1999/5/EC of the European Parliament and of the Council of 9 March 1999 on radio
equipment and telecommunications terminal equipment and the mutual recognition of their
conformity (R& TTE Directive).

[24] Council Directive 91/287/EEC of 3 June 1991 on the frequency band to be designated for the
coordinated introduction of digital European cordless telecommunications (DECT) into the
Community.

[25] Council Recommendation 91/288/EEC of 3 June 1991 on the coordinated introduction of digital

European cordless telecommunications (DECT) into the Community.

[26] ETSI EN 301 406: "Digital Enhanced Cordless Telecommunications (DECT); Harmonized EN for
Digital Enhanced Cordless Telecommunications (DECT) covering essential requirements under
article 3.2 of the R& TTE Directive; Generic radio”.

[27] ETSI EN 301 908-10: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Base
Stations (BS), Repeaters and User Equipment (UE) for IMT-2000 Third-Generation cellular
networks; Part 10: Harmonized EN for IMT-2000, FDMA/TDMA (DECT) covering essential
requirements of article 3.2 of the R& TTE Directive'.

[28] CEPT ERO Report 065: "Adjacent band compatibility between UMTS and other servicesin the 2
GHz band", November 1999.

[29] CEPT ERC Report 100: "Compatibility between certain radiocommunications systems operating
in adjacent bands; Evaluation of DECT/GSM 1800 compatibility", February 2000.

[30] CITEL: "Guide on results of the CITEL study to quantify issues of incompatibility between FWA
and PCS on the 1850-1990 MHz band", OEA/Ser.L/XV11.6.1, February 2000.

[31] ETSI TR 101 370: "Digital Enhanced Cordless Telecommunications (DECT); Implementing
DECT Fixed Wireless Access (FWA) in an arbitrary spectrum allocation".

[32] FCC 02-151: "Federa Communications Commission, Second Report and Order, Amendment of
Part 15 of the Commission's Rules Regarding Spread Spectrum Devices'.

[33] ERC/DEC/(94)03 ERC Decision of 24th October 1994 on the frequency band to be designated for
the coordinated introduction of the Digital European Cordless Telecommunications system
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equipment and Telecommunications terminal egquipment.

ETSI



9 ETSI TR 101 310 V1.2.1 (2004-04)
[35] ERC Decision of 23 November 1998 on Exemption from Individual Licensing of DECT
equipment, except fixed parts which provide for public access and associated identifiers.

[36] CEPT/ERC Recommendation 21-13 E: "Licensing regime for digital European Cordless
Telecommunications (DECT) Equipment", (Brussels 1994).

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

antenna diversity: implies that the RFP for each bearer independently can select different antenna properties such as
gain, polarization, coverage patterns, and other features that may affect the practical coverage

NOTE: A typica exampleis space diversity, provided by two vertically polarized antennas separated by
10 cmto 20 cm.

broadcast: simplex point-to-multipoint mode of transmission
NOTE: Thetransmitter may disregard the presence or absence of receivers.
call: al of the Network (NWK) layer processesinvolved in one NWK layer peer-to-peer association

NOTE: Call may sometimes be used to refer to processes of all layers, since lower layer processes are implicitly
required.

cell: domain served by a single antenna(e) system (including aleaky feeder) of one Fixed Part (FP)

NOTE: A cell may include more than one source of radiated Radio Frequency (RF) energy (i.e. more than one
radio end point).

centrex: implementation of a private telecommunication network exchange that is not located on the premises of the
private network operator

NOTE: It may be co-located with, or physically a part of a public exchange.
cluster: logical grouping of one or more cells between which bearer handover is possible
NOTE 1: A Cluster Control Function (CCF) controls one cluster.
NOTE 2: Internal handover to a cell which is not part of the same cluster can only be done by connection handover.

Cordless Radio Fixed Part (CRFP): WRS that provides independent bearer control to a PT and FT for relayed
connections

coverage area: area over which reliable communication can be established and maintained
double-simplex bearer: use of two simplex bearers operating in the same direction on two physical channels

NOTE 1: These pairs of channels aways use the same RF carrier and always use evenly spaced dots (i.e. separated
by 0,5 Time Division Multiple Access (TDMA) frame).

NOTE 2: A double-simplex bearer only exists as part of a multibearer MAC connection.
down-link: transmission in the direction FT to PT
duplex bearer: use of two simplex bearers operating in opposite directions on two physical channels

NOTE: These pairs of channels aways use the same RF carrier and always use evenly spaced dots (i.e. separated
by 0,5 TDMA frame).
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End System (ES): logical grouping that contains application processes and supports telecommunication services
NOTE: Fromthe OS| point of view, end systems are considered as sources and sinks of information.
exter nal handover: process of switching acall in progress from one FP to another FP

Fixed Part (DECT Fixed Part) (FP): physical grouping that contains all of the elements in the DECT network
between the local network and the DECT air interface

NOTE: A DECT FP containsthe logical elements of at least one FT, plus additional implementation specific
elements.

Fixed radio Termination (FT): logical group of functions that contains all of the DECT processes and procedures on
the fixed side of the DECT air interface

NOTE: A FT only includes elements that are defined in EN 300 175, parts 1 [1] to 8 [8]. Thisincludesradio
transmission elements (layer 1) together with a selection of layer 2 and layer 3 elements.

full dlot (slot): one 24t of a TDMA frame which is used to support one physical channel

guard space: nominal interval between the end of aradio transmission in agiven dot, and the start of aradio
transmission in the next successive slot

NOTE: Thisinterval isincluded at the end of every dot, in order to prevent adjacent transmissions from
overlapping even when they originate with dlightly different timing references (e.g. from different radio
end points).

half slot: one 48t of a TDMA frame which is used to support one physical channel
handover: process of switching a call in progress from one physical channel to another physical channel
NOTE 1. These processes can be internal (see internal handover) or external (see external handover).

NOTE 2: There are two physical forms of handover, intracell handover and inter-cell handover. Intracell handover
is aways internal, inter-cell handover can be internal or external.

incoming call: call received at a Portable Part (PP)
inter-cell handover: switching of acall in progress from one cell to another cell
internal handover: handover processes that are completely internal to one FT.
NOTE 1: Internal handover reconnects the call at the lower layers, while maintaining the call at the NWK layer.

NOTE 2: The lower layer reconnection can either be at the DL C layer (see connection handover) or at the MAC
layer (see bearer handover).

inter oper ability: capability of FPsand PPs, that enable a PP to obtain access to teleservices in more than one location
area and/or from more than one operator (more than one service provider)

InterWorking Unit (IWU): unit that is used to interconnect subnetworks

NOTE: ThelWU will contain the InterWorking Functions (IWF) necessary to support the required subnetwork
interworking.

intracell handover: switching of acall in progress from one physical channel of one cell to another physical channel of
the same cell

multiframe: repeating sequence of 16 successive TDMA frames, that allows low rate or sporadic information to be
multiplexed (e.g. basic system information or paging)

network (telecommunication network): the means of providing telecommunication services between a number of
locations where the services are accessed via equipment attached to the network

operator (DECT operator): individual or entity who or which is responsible for operation of one or more DECT FPs

NOTE: Theterm doesnot imply any legal or regulatory conditions, nor does it imply any aspects of ownership.
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outgoing call: call originating from a PP
paging: process of broadcasting a message from a DECT FP to one or more DECT PPs

NOTE: Different types of paging message are possible. For example, the { Request paging} message orders the
recipient to respond with a call set-up attempt.

paging area: domain in which the PP will be paged as a part of incoming call establishment

NOTE: Ingenera, the paging areawill be equal to the Temporary Portable User Identity (TPUI) domain, since
the TPUI is used for paging.

Portable Part (DECT Portable Part) (PP): physical grouping that contains all elements between the user and the
DECT air interface.

NOTE 1: PPisageneric term that may describe one or several physical pieces.
NOTE 2: A DECT PPislogicaly divided into one PT plus one or more portable applications.

Portableradio Termination (PT): logical group of functions that contains all of the DECT processes and procedures
on the portable side of the DECT air interface

NOTE: A PT only includes elements that are defined in EN 300 175, parts 1 [1] to 8 [8]. Thisincludesradio
transmission elements (layer 1) together with a selection of layer 2 and layer 3 elements.

private: attribute indicating that the application of the so qualified term, e.g. a network, an equipment, a service, is
offered to, or isin the interest of, a determined set of users

NOTE: Theterm does not include any legal or regulatory aspects, nor doesit indicate any aspects of ownership.

public: attribute indicating that the application of the so qualified term, e.g. a network, an equipment, a service, is
offered to, or isin the interest of, the general public

NOTE: Theterm does not include any legal or regulatory aspects, nor does it indicate any aspects of ownership.
public access service: service that provides access to a public network for the general public

NOTE: Theterm doesnot imply any legal or regulatory aspect, nor doesit imply any aspects of ownership.
radio channel: See RF channel.

Radio Fixed Part (RFP): one physical sub-group of a FP that contains al the REpester Parts (REPS) (one or more) that
are connected to a single system of antennas

REpeater Part (REP): WRS that relays information within the half frame time interval
RF carrier (carrier): centre frequency occupied by one DECT transmission
RF channel: nominal range of frequencies (RF spectrum) allocated to the DECT transmissions of asingle RF carrier

service provider (telecommunications service provider): individual, or entity, who, or which, interfaces to the
customer in providing telecommunications service

NOTE 1: The term does not imply any legal or regulatory conditions, nor does it indicate whether public service or
private serviceis provided.

NOTE 2: Theterm service provider is also used with a different meaning in the ISO/OSI layered model.
simplex bearer: simplex bearer isthe MAC layer servicethat is created using one physical channel
NOTE: Seealso duplex bearer and double simplex bearer.

subscriber (customer): natural person, or the juristic person who has subscribed to telecommunication services, and is,
therefore, responsible for payment

TDMA frame: time-division multiplex of 10 ms duration containing 24 successive full slots

NOTE: A TDMA frame starts with the first bit period of full dot 0 and ends with the last bit period of full slot 23.
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telecommunication: any transmission and/or emission and/or reception of signals representing signs, writing, images,
and sounds or intelligence of any nature by wire, radio, optical or other electromagnetic systems

teleservice: type of telecommunication service that provides the compl ete capability, including terminal equipment
functions, for communication between users, according to protocols that are established by agreement

up link: transmission in the direction PT to FT

user (of atelecommunication network): person or machine delegated by a subscriber (by a customer) to use the
services, and/or facilities, of atelecommunication network

Wireless Relay Station (WRS): physical grouping that combines elements of both PTsand FTsto relay information on
aphysical channel from one DECT termination to a physical channel to another DECT termination

NOTE: TheDECT termination can be aPT or an FT or another WRS.

3.2 Abbreviations

For the purposes of this the present document, the following abbreviations apply:

C Carrier to Interferenceratio

CDCSs Continuous Dynamic Channel Selection
CRFP Cordless Radio Fixed Part

CTA Cordless Terminal Adaptor

DAS DECT Access Site

DCSs Dynamic Channel Selection

DECT Digital Enhanced Cordless Telecommunications
E Erlangs

ES End System

FCA Fixed Channel Allocation

FDD Frequency Division Duplex

FDMA Frequency Division Multiple Access
FP Fixed Part

GAP Generic Access Profile

GFSK Gaussian Freguency Shift Keying
GoS Grade of Service

GPS Global Positioning System

IS Intermediate System

LOS Line Of Sight

NLOS Near Line Of Sight

Oo&M Operations and Maintenance

PABX Private Automatic Branch Exchange
PCS Personal Communications Systems
PP Portable Part

REP REpesater Part

RFP Radio Fixed Part

RLL Radio in the Local Loop

TDD Time Division Duplex

TDMA Time Division Multiple Access
UMTS Universal Mobile Telephone System
WPBX Wireless PABX

WRS Wireless Relay Station
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4 Introduction to DECT services and applications

DECT isageneral radio access technology for wireless telecommunications. It is a high capacity, picocellular digital
technology, for cell radii ranging from about 10 m to 5 km depending on application and environment. It provides
telephony quality voice services, and a broad range of data services, including Integrated Services Digital Network
(ISDN) and packet data over the Internet. It can be effectively implemented as a simple residential cordless telephone or
asasystem providing al telephone servicesin acity centre. Applicationsinclude Radio in the Local Loop, RLL, with
ranges of several kilometres. Figure 1 gives a high level graphic overview of DECT services and applications. The basic
2 level modulation of DECT allows up to 552 khit/s, and with implemented higher level modulation options, bitrates
exceeding 4 Mbit/s are possible. Protected asymmetric links with bit rates beyond these bit rates are possible if needed,
for example by having multiple radio circuits in a subscriber unit. Together with DECT/GSM/UMTS interworking
evolving products will provide 3rd generation mobile radio services.

DECT isone of the IMT-2000 radio technologies, denoted "IMT-2000 FDMA/TDMA (DECT)". It isthe only
IMT-2000 family member optimized for uncoordinated use in unlicensed spectrum.

Figure 1: Graphic high level overview of DECT services and applications

The aim of the DECT standardization has been to develop a modern and compl ete standard within the area of cordless
telecommunications.

The DECT standardization effort has received substantial legal and financial support by the European Commission
(EC). The CEPT European wide alocation of the frequency band 1 880 MHz to 1 900 MHz has been reinforced by the
Council Directive 91/287/EEC [24]. The Directive states that "DECT shall have priority and be protected in the
designated band (1 880 MHz to 1 900 MHZz)" and "recognizing that, subject to system development of DECT,
additional frequency spectrum may be required”.

NOTE: Most of the examplesin the present document are based on the initial European allocation of
1880 MHz to 1 900 MHz. However the results can be applied to a different spectrum allocation as well.
The most common protected spectrum allocation is 1 880 MHz to 1 900 MHz, but outside Europe
spectrum isalso availablein 1 900 MHz to 1 920 MHz and in 1 910 MHz to 1 930 MHz (several
countriesin Latin America).

For rapid introduction on European wide basis, harmonized standards [26], [27] according to the R& TTE Directive [23]
have been developed for DECT. Conformance to the relevant harmonized standard gives access to a single European
market. DECT is classified under the R& TTE Directive as classl equipment. That means that it can be placed on the
European market and be put into service without restrictions [33], [34], [35], [36].
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The Council Recommendation 91/288/EEC [25] recommends that the DECT standard should meet user requirements
for residential, business, public and RLL applications. The standard should also provide compatibility and multiple
access rightsto allow a single handset to access several types of systems and services, e.g. aresidential system, a
business system and one or more public systems. The public applications should be able to support full intersystem
European roaming of DECT handsets. The DECT standard provides these features. Of special importance is the Generic
Access Profile (GAP) which define common mobility and interoperability requirements for private and public DECT
speech services. For a more comprehensive overview of the DECT standardization, see TR 101 178 [13].

The deregulation of fixed services will speed up fixed-mobile convergence in service offerings from operators. The
different DECT interoperability profile standards are designed to facilitate provision of mixtures of fixed and mobile
services through a single infrastructure. See clause A.5.2.3.1 and examplesin ETR 308 [16].

The DECT instant or Continuous Dynamic Channel Selection (CDCS) provides effective coexistence of uncoordinated
installations of private and public systems on the common designated DECT frequency band, and avoids any need for
traditional frequency planning. The present document describes configurations for typical DECT applications and
relevant mixes of these, including residential, office, public pedestrian and RLL applications, and the traffic capacity is
analysed, mainly by advanced simulations. These results are used together with relevant deployment scenarios to
estimate spectrum requirements for reliable services, specifically for a public multi-operator licensing regime.
Recommendations are given on conflict solving rules that conserves the high spectrum efficiency gain of shared
spectrum while maintaining control of the service quality in one's own system. These recommendations cover
synchronization, directional gain antennas, traffic limits per DECT RFP, use of WRS, different rules for private and
public operators, and procedures needed for timely local adjustments where and when the local traffic increases.
Annex B contains results and recommendations on coexistence with other relevant radio technologies operating on the
same or adjacent frequency band. Annex F gives information on RF modifications of DECT enabling applications on
FDD (paired up-link/down-link) spectrum.

5 Principles for providing required traffic capacity and
link quality on a common spectrum allocation

The key DECT features and principles that provide a required traffic capacity and link quality are described below.
Annex E of the present document gives further information on fundamental aspects of DECT for providing a required
traffic capacity and link quality.

NOTE: Theearlier ETSI technical report, ETR 042 "Digital Enhanced Cordless Telecommunications (DECT); A
Guide to DECT features that influence the traffic capacity and the maintenance of high radio link
transmission quality, including the results of simulations' [21], is now declared "historical", has a good
description of the fundamental aspects of DECT. The simulation results presented below in the present
document, are more complete and more accurate than the results of ETR 042 [21], since more compl ete
simulation tools have been available for the more recent simulations.

5.1 A new concept: the local load on the spectrum

The present document introduces a new concept, the "local load on the spectrum”. This concept has been a very useful
tool to estimate the local interference potential of different DECT system deployments. The local load on the spectrum
from one system is defined as the number of different full-slot duplex (or equivalent) access channels that this system
on average occupiesin a specific local area. For simplicity we have expressed the local load on the spectrumin
Erlangs (E). A local load of N E meansthat N different full-slot duplex access channelsin average are occupied in a
specific local area. Thetotal local load shall be related to the local load that can be carried by the allocated spectrum.
10 carriers, as available within the frequency band 1 880 MHz to 1 900 MHz, provide 120 full-slot duplex access
channels. This means that there are 120 local trunks available in the ether. The Erlang B traffic formula shows that
120 trunks can carry 100 E average traffic for about 0,5 % blocking probability. Therefore, for 10 DECT carriers, the
total local load always has to be less than 100 E. We call these 100 E the local loadable traffic. A local area may be
defined as the area in which a traffic channel typically can not be reused. It must be understood, that for example for
above roof top RLL systems, sectorized antennas decrease the size of the above roof top local areas, and that large
obstacles like houses create separate local areas below roof top level. This concept of "local 1oad on the spectrum” is
useful due to the instant Dynamic Channel Selection feature of DECT, which makes it feasible to use the average load
measure, since those few connections that become interfered from traffic in adjacent local areas can find escapes to
non-interfered channels.
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Since the present document deals with spectrum requirements, the high capacity Carrier to Interference ratio (C/1)
limited scenarios are relevant, but not the range limited or device trunk limited scenarios. Trunk limitation can however
be ameansto limit the local 1oad on the spectrum from a single system. The present document does not contain any
detailed range calculations for different propagation models. The ETR 139 [22] contains some scenarios and range
calculations these are partly re-used below.

Many of the resultsin ETR 042 [21] (see above notein clause 5) are trunk limited by the maximum 12 access channels
per single radio RFP. It is very important to differentiate between device (RFP) trunk limited capacity and capacity
limitation due to the local load on the spectrum (C/I limitation). An example is a double-slot for fax transmission that
may have alarger blocking probability than afull-dot due to trunk limitation in the RFP or WRS. However, fax
services over double slots give lower average local 1oad on the spectrum than fax services over afull-sot, since the
double-dlot transfers faxes (28,8 kbit/s) more that twice as fast as afull-slot (4,8 kbit/s to 9,6 khit/s). See clause 7.

5.2 Dynamic Channel Selection (DCS)

A main characteristic of DECT isthe instant DCS. DECT has 10 carriers available on a 20 MHz bandwidth

(1880 MHz to 1 900 MHz). For speech services each carrier is divided in frames of 24 full-slot time slots (12 in one
direction and 12 in the other direction for symmetric duplex services). A DECT access channel is defined by a carrier
frequency and atime slot. If for example 10 DECT carriers are alocated, as in the frequency band

1880 MHz to 1 900 MHz, totally 120 full-slot duplex access channels will be provided. A more detailed description of
the DECT instant DCS procedures is found in annex E of in ETR 042 [21] and in EN 300 175-3 [3], clause 11.4.

The terminals select the DECT traffic channel. Each terminal maintains an ordered list of the 6 to 10 least interfered
channels. Thislist, and information on strongest detected base station (to which the PT has access rights), are regularly
updated in order to detect changesin the local environment and to detect movement between basestations. The least
interfered channel of itslist is used for the first bearer set up attempt to the strongest accessible base station.

The big advantage of this kind of channel selection isthat the set-up of a new channel takes into account the local
interference situation in that instant: in this way the system is self-adapting. There is no need for a pre-planning of the
system, but different applications and different operators can share dynamically the same spectrum resource without
prior distribution of channelsto specific services or base stations.

Thiswill give to each user an additional capacity when compared with cellular systems using Fixed Channel Allocation
(FCA) mechanisms. See clause 5.2.1 and annex D.

DECT systems provide micro-cellular coverage; a very good frequency reuse can be achieved because of the intrinsic
high robustness of the DECT channel to interferers. For example, the separation of an obstacle such asawall or afloor
can be sufficient for the same channel to be reused on both sides of the obstacle at the same time.

Another very important factor for providing the high traffic capacity and the maintenance of a high quality radio link, is
the quick DECT seamless inter-cell and intra-cell handover that does not depend on signalling on the old (interfered)
access channel. More details on this can be found in annex E.

5.2.1 Spectrum efficiency of DECT compared with a system using FCA

The spectrum required for different DECT systems compared with the spectrum required by a comparable system using
FCA has been analysed in annex D. A comparable technology is a duplex 32 kbit/s service transfer by Frequency
Division Multiple Access (FDMA) or TDMA, Frequency Division Duplex (FDD) or Time Division Duplex (TDD),
using radio receivers with limiter/discriminator detector or differential detector. The modulation type has only
secondary influence. The spectrum efficiency of DECT compared with FCA isindicated by the factor K and has been
calculated in annex D for atypical large office and for a suburban outdoor pedestrian application. The conclusions are
asfollows:

- for indoor multi-storey applications, DECT istypically 7 to 10 times more spectrum efficient than a
comparable technology using FCA, K =7 to 10;

- for outdoor pedestrian suburban applications, DECT istypically 3 to 7 times more spectrum efficient than a
comparable technology using FCA, K =3to 7.

DECT istherefore, basically very spectrum efficient compared to the technologies using FCA. This property is
amplified the smaller the cells are and the more irregular the propagation patterns are.
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Furthermore, with FCA, it is not possible to share spectrum between operators of different systems. Therefore DECT
will, for example for office applications, gain another factor N in efficiency over FCA, where N is the number of
operators of office systems not sharing spectrum for office applications. See clause 5.2.2.

5.2.2 Spectrum efficiency due to multi-operator multi-application
coexistence on a common allocation

In clause 5.2.1 the spectrum efficiency for one operator having one system was analysed for DECT and for a
comparable system having FCA. In this clause we will analyse the gain of having several systems and operators sharing
a common spectrum, compared to allocating a specific spectrum per system and/or operator, but supposing that DECT
isused in both cases. So we only deal with the gain of sharing spectrum, isolated from the gain of DCS verses FCA,
which has been analysed above. DCSis of course a prerequisite for being able to share spectrum.

The spectrum efficiency gain due to multi-system multi-application coexistence on a common spectrum allocation
depends on the deployment scenarios, the number of operators, and the level of co-ordination of installations between
operators. See clauses 9 and 10.

5.2.2.1 Residential base station applications

Residential base station applications are either private residential systems operating on a common spectrum or
residential base stations supplied by a public operator as an addition to a public mobile or cordless telephone
subscription to offer low cost mobility service within the subscriber's residence.

Basic characteristics of these systems are that they mainly operate within the user premises, and that these premises may
be close to each other, but do not normally overlap.

Another basic characteristic is that the geographical location of a system will vary when the owner changes residence.

It is obvious that offering substantive penetration of reliable residential servicesis very difficult without having some
type of semi-fixed sharing or instantaneous dynamic sharing of control and traffic channels. With FCA theoretically one
unique access channel per residential system in a country would be needed, which of courseistotally impractical. To let
the user manually select between alimited number of channelsis more practical, and obviously works well for low cost
anaogue cordless telephones due to the relatively low traffic density. A divided spectrum between N public operators
offering residential base stations, will require N times more spectrum than a shared spectrum as applied for DECT,
since any of the operators may get all residential customersin an area or in ablock of domestic flats. However, the
office traffic (see below) is much higher than the residential traffic, and residential and office traffic are typically in
different buildings. Therefore, only the spectrum requirements for offices need consideration in the context of

residential and office systems of this clause.

Therefore, we can conclude that:

- general application of residential base stations requires some kind of semi-fixed sharing or instantaneous
dynamic sharing of control and traffic channels. The traffic density is so low that the spectrum need for
residential applications will be covered by the spectrum needs for office applications.

5.2.2.2 Office base station applications

Office base station applications are private systems operating on a common spectrum or base stations supplied by a
public operator to offer telecommunications services for acompany.

A basic characteristic for office systems, as for residential systems, is that they mainly operate within the user premises,
and that these premises may be close to each other, but do not normally overlap. For office systems, at least for the
larger ones, we may assume that they are more stationary than residential systems, and that atraditional FCA planning
ispossible. Thereisnormally a natural isolation between office installations as indicated in figure 4. Therefore in afirst
approximation, the spectrum requirements are the same for covering one multi-story office, asfor covering all officesin
acity. Therefore, a divided spectrum between N public operators, providing office telecommunications services, will
require N times more spectrum than a shared spectrum as applied for DECT.
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Therefore, we can conclude:

- unlicensed office systems operating on a common spectrum requires dynamic sharing of control and traffic
channels;

- adivided spectrum between N public operators offering office telecommunications applications, will require
N times more spectrum than a shared spectrum as applied for DECT.

5.2.2.3 Public outdoor above roof top RLL systems

The public systems generally cover the same area and compete for the same subscribers, whereby the total (shared)
local traffic will be limited by the total local number of potential subscribers.

A multi-operator scenario with RLL applications with above roof-top base station installations is a typical example.

If the spectrum is (equally) divided between N operators, the spectrum efficiency will decrease due to loss of trunking
efficiency even with egqual traffic share between the operators. In reality the local 10ss of spectrum utilization will
further decrease, due to the uneven local market share of the different operators.

Results from simulations in clause A.3.2 show that the spectrum efficiency can be increased by up to 60 % by not
dividing the 20 MHz of spectrum between 3 operators. Thisis for the case where all 3 systems have equal local load on
the spectrum. In redlity, for RLL, we can expect that there will be many local areas where one of the operators will be
dominating. In such areas the spectrum efficiency can be up to 3,1 times (2 operators) and 4,8 times (3 operators) better
compared to splitting the frequency band between operators. This assumes frame and slot synchronization between the
systems and about equal cell sizesin the different systems. The gain will be considerably reduced for above roof-top
casesif synchronization is not provided. In the case of the dominant operator having 90 % of the traffic and a second
operator has 10 % and nine times larger cell area than the dominant operator, the spectrum efficiency gain over an
equal split of the spectrum isreduced to 1,6 instead of 3,1 with equal cell sizes. In this case it was necessary to reduce
the number of carriers of the dominant operator from 10 to 8, to provide escapes for the large cell connections.

See clause 10.

Therefore, for case with three operators, by providing synchronized systems, sharing spectrum will, compared to equal
division of the spectrum, provide up to between 3,1 and 4,8 times more efficient use of the spectrum. The 3,1 times
relates to trunking efficiency gain when all operators have equal share of the traffic, and 4,8 times for the case when one
of three operators has all the traffic in alocal area. In the latter case only afraction of the spectrum will be utilized if the
spectrum has been divided between the operators.

Therefore we can conclude:

- thereisalarge preference for DECT outdoor public operators to share a common spectrum instead of dividing
the spectrum. This requires synchronization within and between the systems. The simulations made, indicate a
spectrum efficiency gain factor of at least 1,6 for above roof top installations. The more operators the larger
the gain of sharing compared to dividing the spectrum;

- there must be a mechanism to ensure that a dominant operator does not limit the spectrum access of the other
operatorsin case of hot spot local area with large differences of cell sizes. Thisis covered in clause 10.6.

5.2.2.4 Summary on multi-operator multi-application coexistence on a common
allocation

Sharing by instant DCS and the use of a common spectrum are necessary requirements for unlicensed (no limit on
number of system operators) operation of office and residential systems.

The total spectrum requirement for office and residential systems will not be larger than the requirement for asingle
operator having a dedicated spectrum. Therefore, dividing the spectrum between N operators would require N times
more spectrum.

For outdoor public systems the gain of not dividing the spectrum is estimated to be at least a factor 1,6 for above roof
top installations, provided the systems are synchronized. Since there is no natural isolation between above roof-top
public systems, additional rules are required to guarantee proper fair coexistence between the operatorsin local hot spot
areas. See clause 10.
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Thereis a spectrum efficiency gain in also letting the different applications (fully or partly) share a common spectrum.
Thegainistypicaly 30 % to 50 %.

Table 1 illustrates the combined gain of letting different applications and operators coexist on a common spectrum
allocation.

The spectrum estimates alow for a predicted increase in the use of data and multimedia services (see clause 6).

Table 1: Spectrum efficiency gain by sharing spectrum between applications and
operators for speech and emerging data services

Scenario (speech Office and Public RLL Separate Total spectrum
and estimated Residential pedestrian allocations for requirement
emerging data hot spots all (multi-application shared
services) applications allocation)
N operators having N x 15 MHz Nx7MHz [Nx7MHz | Nx29 MHz N x 15 MHz
own spectrum
Operators share 20 MHz 8 MHz 20 MHz 48 MHz 28 MHz
spectrum
(see note)

NOTE 1: At least four RLL operators, a number of public street system operators and an unlimited number of
private operators for office and residential DECT systems.

NOTE 2: Public applications should use all the spectrum, private applications should only use the basic 20 MHz
DECT spectrum.

The basis for the figuresin table 1 is the following:

- Office and residential applications: office traffic is much higher than residential traffic, and residential and
office traffic istypicaly in different buildings. Therefore only the spectrum requirements for offices need
consideration. From clause A.1.2 it can be seen that 7 carriers (about 15 MHZz) will provide 5 to 6 E per base
station. This capacity is as regarded feasible for one operator, including a predicted increase in the use of data
and multi media applications. See clauses 6, 7 and 9. Clause A.2 also shows that if operators share acommon
spectrum in the same building, at most 20 % additional capacity is required than for a single operator.
Therefore, including provision for some emerging increase of data and multi media applications 10 carriers
(20 MHz) will be adequate for a shared spectrum.

- Public pedestrian hot spots. the hot spot public areas are railway stations, airports and sport arenas. We see
from clause 6.3 that the public pedestrian hot spot application will have an office Private Automatic Branch
Exchange (PABX) typeinfrastructure, but the traffic may be a quarter of high traffic office applications. On
the other hand, the public pedestrian applications are in larger open spaces/halls than offices, which will
reguire a somewhat higher reuse. Therefore 3 carriers (7 MHz) will be reasonable for a single operator and
4 carriers (8 MHz) reasonable for a shared spectrum, because possible different cell sizes may require some
extra spectrum. More is not needed since they share the same potential number of customers. See clause 8.6.

- RLL: the above roof top RLL applications are simulated in clause A.3. Clause 8.7.1 concludes that, including
the estimated increase of data traffic, 4 carriers (7 MHz) is needed for a single operator, and that shared
spectrum for at least 4 operators will need 10 carriers (20 MHz).

- Common allocation for different applications. for asingle operator we estimate instead of the total sum
(15+ 7 + 7 =29 MHZz) that only 15 MHz are needed, if all applications share the same allocation. The reason
isthe limited interference between office, public pedestrian and RLL systems. See clause 8.10. Similarly when
al operators share the same alocation, only 28 MHz are estimated to be needed instead of the sum 48 MHz.

5.2.24.1 Conclusion for the case with speech and estimated emerging data services

From the table above we see that the combination of sharing spectrum both between DECT applications and operators
compared to splitting spectrum between DECT applications and operators, the spectrum efficiency gain is expressed by
the factor N x 29/ 28. Therefore, the gain is about afactor N, where N is the number of public operators. Thisis
however not arealistic case, since if the spectrum is split between afew operators (typicaly 4), they will share
applications on their part of the spectrum. Therefore, the gain will be (N x 15) / 28 equal to a factor 2 for four public
operators. Remember that an assumption here isthat DCSis used both for the shared and split spectrum cases, and that,
as shown in clause 5.2.2.3, the gain for sharing spectrum will further increase for cases with very uneven local operator
market shares.
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5.2.2.4.2 Conclusion for the case with mainly speech services

From the cal culations above, we can also make adjustments for excluding the increase of data services and try to fit into
theinitial 1 880 MHz to 1 900 MHz DECT allocation by limiting the number of RLL operatorsto 3 (see table 2).

Table 2: Spectrum requirements for mainly speech services

Scenario Office and Public RLL Total spectrum requirement
(mainly speech Residential pedestrian (allocation shared by all
services) hot spots applications and operators)
Shared spectrum, 3 10 MHz 7 MHz 16 MHz 20 MHz
RLL operators

The office system will only need 5 carriers (10 MHZz). There will be no significant change for the public pedestrian
systems. For RLL systems, in total up to about 120 (see note) E can be shared by similar sized DECT access nodes with
8 carriers (16 MHz). Three operators will have up to 40 E per DECT access node each (per site with 6 sectors). See
clause 6.4.1 and the summary in clause 8.10.

NOTE: Up-link power control implemented. See clause A.3.4.

5.3 Increase traffic by denser infrastructure, C/I limited capacity

The capacity of a system can be trunk limited or C/I limited. It is very important to distinguish between the two cases of
traffic limitation, especialy when analysing the simulation results. The trunk limitation is caused by limited provision
of number of simultaneous connections via some interface, for example the line interface or the air interface of a base
station.

The traffic capacity that depends on the amount of allocated spectrum isrelated to the C/1 limited traffic only. The least
interfered channel selection principle of DECT does not impose any additional upper limit that the interfering signal
must not exceed on a monitored access channel candidate. Therefore, the capacity of DECT will be C/I limited also at
very short cell radii. Therefore, as afirst approximation, the capacities per base station shown in the simulationsin
annex A are constant, independent of the selected distance between the base stations (a practical lower limit may be

10 mto 15 m separation). Therefore, on a given spectrum, the capacity, E/kmZ, will be proportional to the base station
density.

Thisis an essential property to provide required traffic density:
- any operator can locally alwaysincrease histraffic density by increasing his base station density.

DECT provides easily engineered and economic installation of closer and closer cells, whereby the efficiency of the
DCS dgorithms, DCS, and the high radio link quality is maintained.

NOTE: Thisdoes not mean that large capacity systems can be implemented on a very limited amount of
spectrum. There is a minimum amount of spectrum required to provide an economically defensible
infrastructure. Thisis further explained in annex C.

54 Increasing link quality without increasing the load on the
spectrum

Another basic property of DECT is, that if an operator increases his base station density without increasing his traffic
density, he will increase his own radio link quality without causing more average interference to other systemsin the
same area.

For example, with twice as dense infrastructure, the average distance for the wanted signals will be 30 % shorter.
Therefore, in an environment with d#4 propagation law, the wanted signals will in average be 6 dB stronger. The
average interference (or load on the spectrum) has not increased, since the traffic per subscriber and the subscriber
density has not been altered. Therefore, the own average C/1 has increased by 6 dB. Since the local 1oad on the spectrum
has not increased, it is obvious that the interference to other systems has not increased as a result of the dense base
station deployment.
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Thisis an essential property to provide required radio link quality in an environment of local interference from other
DECT systems:

- any operator can, without increasing the load on the spectrum, always increase hislocal radio link quality by
locally increasing his base station density.

NOTE: Thisdoes not mean that required link quality can be maintained for systems implemented on avery
limited amount of spectrum. There isa minimum amount of spectrum required to provide an
economically defensible infrastructure. Thisis further explained in annex C. See also clause 5.5.

5.5 Means for adjusting to emerging growth of traffic
(subscribers)

In this clause we discuss means for adjusting to emerging growth of the local traffic. Growth of local traffic may be
caused by increased number of usersin the system, by new services (for example Internet) or by geographical
redistribution of users. It istherefore important that larger multi-cell DECT systems provide means for the operator to
monitor the traffic generation, blocking probabilities and early call curtailments at each base station of the system. This
enables him to timely adjust hisinfrastructure to cope with the emerging traffic growth. Increased local load on the
spectrum may also be caused by another system increasing its traffic.

If the capacity istrunk limited, the solution isto provide more radio resources in the infrastructure, either by installing
more base stations or by employing more radios in each base station (one special trunk limited case is a mixture of
full-slot connections and double-slot connections, where the double-slot connections will have consistently higher
blocking probability than the full-slot connections. It is therefore, in this case, important to provide enough radio
resources to meet the Grade of Service (GoS) requirements not only for the full-slot connections but also the double-slot
connections).

If the capacity is C/I limited, the means to increase the own traffic density isto make the cells smaller by employing
more base stations (or more and/or narrower sectorsin RLL installations). See clause 5.3. Thisis an obvious natural
action within the operators own control. For indoor systems and outdoor below rooftop public pedestrian street systems,
such traffic increases do normally not require any precautions regarding increased interference to other systems. But for
above rooftop installations special precautions are required.

If the capacity is C/I limited and the own traffic is the same, but the load on the spectrum isincreased due to incr ease of
traffic of other systemsin the same area, the means to maintain the own required link quality is again to make the cells
smaller by employing more base station (or more and/or narrower sectorsin RLL installations). See clause 5.4. The
potential threat for this situation is mainly when the own installation is an above rooftop installation.

Summary:

- for public systems and larger office systems the operator should monitor the traffic and the blocking
probabilities at each base station of the system. This enables him to timely adjust his infrastructure to cope
with emerging local traffic growth;

- if the local traffic tends to become trunk limited, more radio resources shall be added;

- if the local traffic tends to become interference limited, the local cell density shall be increased (more and
narrower cell sectors and/or more cell sites).

It isimportant that an operator is not forced to increase his cell density beyond economic limits because other operators
in the same area increase their traffic. Procedures for economic handling of hot spots are described in clause 10.
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6 DECT applications - scenarios

The traffic requirements are based on speech services and the traffic needs for emerging data services are estimated as a
factor in proportion to the speech traffic.

A reasonable estimate is that the speech traffic per subscriber in offices and residents will be about the same as today
and that the additional traffic per subscriber due to use of data services, within afew years, in average will be of the
same magnitude as for speech. See aso note 3. This expected doubling of the traffic will also apply to RLL
applications, but not the public street public pedestrian application, see clause 7. Table 3 shows the estimated busy hour
traffic per subscriber figures used for the different applications:

Table 3: Estimated average busy hour traffic per subscriber

Subscriber Speech service only Speech and emerging data services
Office worker 150 mE to 200 mE 300 mE to 400 mE
Resident 50 mE to 70 mE 100 mE to 140 mE
RLL See office and resident See office and resident
Public pedestrian 30 mE 30 mE

NOTE 1. The datatraffic figures above should be understood as equivalent voice Erlang load. In DECT, 1 E
corresponds to a pair of full slots, aduplex pair or a double simplex pair, using 2-level modulation.

NOTE 2: There are residents and offices with broadband data, where traffic is higher than indicated above. A single
radio residential base station can support about 0,5 Mbps with 2-level modulation and 1 Mbps with
4-level modulation. Thisis suitable to support an ADSL residential access.

NOTE 3: Inthe estimates below, data traffic is estimated to increase to the same level as the speech traffic that
today dominatesin DECT applications. However, if higher level modulation options are implemented for
DECT, the traffic figures below including data traffic, will correspond to data traffic having increased to
twice the level of speech traffic. See clause 7.3.1.

6.1 Residential application

A typical scenario for residential DECT applications is a multi-storey apartment block or a single house maybein a
group of villas. The speech traffic generated by this application can be typically 50 mE to 70 mE per household, and the
peak hour is usualy in the evening. Base stations are normally unsynchronized.

In the most densely populated areas, blocks of flats with 4 to 8 storeys, there are 2 000 to 4 000 households per kmZ2.
This corresponds to 100 E/km? to 280 E/km? or 25 E/km?2- 35 E/km?/floor. In villa areas, there can be

500 to 1 000 households’km?. This corresponds to up 25 E/km? to 70 E/km2. These traffic densities are estimated to be
doubled within a few years due to emerging increase of data services.

The traffic densities of residential applications are typically 1/10 of the traffic densities in office environments and most
residential systems are deployed in other houses than office systems. Therefore, spectrum requirements for the office
applications will cover the deployment needs for residential systems as well.

6.2 Office/factory application

Metropolitan centres may have exceptional peaks of 40 000 employees’/km?2, more typical about 10 000 employees’km?.
The Wireless PABX (WPBX) user has a speech traffic of 150 mE to 200 mE. This gives an average speech traffic of

1 500 E/km? to 2 000 E/km? for metropolitan centre areas. About 40 % of the PABX traffic isinternal traffic. These
traffic densities, and the other office traffic density figures below, are estimated to be doubled within afew years due to
the increase of data services.

The WPBX applications can be classified in 3 types depending on traffic densities, described in
subclauses 6.2.1 t0 6.2.3.
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6.2.1 Large companies in a business centre

Even if the average speech traffic load is typically about 2 000 E/km?, the local traffic density within a building can be
much larger. Some large multi-store offices may have a very high density of employees, one every 20 m2. If all
employees have a DECT handset, this would mean atotal traffic of 7 500 E/km?/floor to 10 000 E/km?/floor with a
traffic of 0,15 E to 0,2 E per user. This very high local traffic density must sometimes be offered. This will require

22 mto 26 m rectangular grid base station separation with 5 E average traffic per base station. More typical, 25 % of the
employees will have wireless access. Then the traffic required would be 2 500 E/km?/floor with 45 m separation
between 5 E base stations.

6.2.2 Large companies in industrial zones

The most common profile is a company with few buildings in a zone with outdoor parking and some surroundings
green zones. A dense zone of this kind can be 4 50 m x 50 m buildings with 5 levelsin a 300 m x 300 m area. Assuming
the same penetration (25 %) of wireless handsets and 0,2 E average traffic per user and one user per 40 m?, the total
traffic generated in such a zone will be 140 E/km?/floor or 700 E/kmZ.

6.2.3 Small/medium size companies

In this category, companies with an average of 20 telephone extensions are considered; In this case, it could be redlistic
to suppose that each handset isa DECT handset with atraffic of 0,2 E, that isatotal traffic of 4 E per company. This
traffic can be provided by asingle DECT base station. Considering a maximum of 100 companies of this kind in akm?,
thiswill give 400 E/km?.

6.3 Public pedestrian application

The public pedestrian DECT application gives local mobility to subscribersin an urban or suburban area. There are two
main application areas, indoor public zones like shopping centres, railway stations or airports, and outdoor streets.

For each mobile user, the traffic is assumed to be 30 mE.

For indoor hot spots public zones like shopping centres, railway stations or airports, there may be crowds with 1 person
per m2. Assuming again the penetration of 5 %, the traffic generated is 1 500 E/km2. In these cases, the maximum
traffic density handled by DECT for a public application is very similar to the one in the wireless PBX environment,
and the infrastructure will have similar base station density as for offices.

The street coverage is obtained by positioning the base stations (RFPs or WRSs) at lamp post height along the streets. I
it is assumed that a maximum penetration for this application could be the 5 % of the population, this means, for a city
of 2 millions of inhabitants over 100 km?, atraffic of 30 E/km?2. People are however not always on the streets. An other
way to estimate the traffic, is to use an estimated number of pedestrians in a metropolitan centre, 10 000/km?2. Having

5 % penetration leads to 15 E/kmZ.

As afurther example, the coverage of atypical (not hot spot) base station located in a street, as shown in figure 2, is
analysed.
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Figure 2. Example of atypical coverage of a street base station
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A large main street with a5 m wide pavement on each side is taken into account; the base station has arange of 200 m
to each side, so that itstotal coverageis4 000 m? of pavements. In the street there is one person every 10 m2, in total
400 people, but only the 5 % of them use aDECT handset, that is 20 people.

If for each user the traffic is 30 mE, the average total traffic at the base station will be 0,6 E, corresponding to 30 E/km?,

if the streets are separated by 100 m (10 streets + 10 perpendicular streets per km?, each street having 2,5 base stations)
and if all streets had the same high pedestrian density.

Only afew main streetsin a city centre have such high load, therefore for average load over akm? will be
10 E/km? to 15 E/km? as estimated above. The average traffic per base station will be lessthan 1 E .

6.4 RLL application

RLL isanimportant DECT application. Below are requirements related to one low density scenario and one high
density scenario with (fixed) Cordless Terminal Adaptor (CTA) type of subscriber terminal only (not PPs).

It should be noted that effective radio ranges achieved in the DECT RLL application using CTAs, will be considerably
greater than when DECT is used in the mobile mode. The signal path is more consistent, it is often line-of-sight and
base stations and CTAs may use high gain antennas, whose directionality also reduces multipath signals.

6.4.1 Rural area - range requirements

A rural areamay consist of alarge area where few houses are spread out within arange of 10 km, eventually grouped in
small clusters. The typical subscriber density within the areais 5 to 50 subscribers per km2. Traffic per subscriber is
70 mE during busy hour. This means that the total traffic in the areais 0,35 to 3,5 E per km2.

For this scenario, the capacity is not an issue, but the range is. Directive antennas and WRSs (see clause A.6), are often
applied in order to increase the range of the links. The service and facilities description for DECT RLL, ETR 308 [16]
requires arange up to 5 kmfor a DECT radio link. A line-of-sight (LOS) range up 5 kmis feasible with 12 dBi
antennas at each end and reasonabl e antenna heights. Therefore, adding a WRS will provide a 10 km range.

A DECT radio access site will typically be supplied from the local exchange, LE, with one or two 2 Mbit links (primary
rate access). These will provide 30 or 60 trunks, which with 0,5 % GoS will support 19 E (271 subscribers) or 45 E
(643 subscribers) average traffic per site. Table 4 shows how low subscriber densities are supported as a function of the
cell range, supposing 271, 643 or 2 000 subscribers per radio site. (2 000 subscribers require six 2 Mbps lines or

180 trunks). Hexagon cells are used. The range R km is equal to the length of the hexagon side, and the cell areais

2,6 x R2 kmZ. It could be estimated that with 270 subscribers being served per site, the CTA related costs still dominate
over the radio site related costs. If so, requiring more than 270 subscribers to be served per site, would not further
dramatically reduce deployment costs. We could however expect that with the popularity of Internet, the

70 mE/subscriber may be substantially increased whereby about 300 subscribers could correspond to about 40 E per
DAS. Thus about 40 E per DAS could be a required minimum available capacity per operator for economical
deployment.
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Table 4: Economic support of low subscriber density applications as a function of range

Range R km. 1km 2 km 3 km 4 km 5km 10 km
Hexagon cell
Site separation 1,7 km 3,5km 5,2 km 6,9 km 8,7 km 17 km
Subscriber 104 26 12 6,5 4 subscr./km? | 1 subscr./km?
density with subscr./km? | subscr/km? | subscr/km? | subscr/km? | (0,3 E/km?)
subscribers per
radio site
Subscriber 247 62 27 15 10 2,5
density with subscr./km? | subscr./km? | subscr./km? | subscr./km? | subscr/km2 | subscr./km?
subscribers per
radio site
Subscriber 769 192 85 48 31 8 Subscr./kmz
density with subscr./km? | subscr./km2 | subscr./km? | subscr.km? | subscr./km?
140 E or 2 000 (54 E/kmz)
subscribers per
radio site

Table 4 shows that DECT with suitable antenna site arrangements will support economic deployment of RLL systems
with 4 to 250 subscribers per km? without need to stretch the 5 km range requirement.

6.4.1.1 Special provisions for single link ranges beyond 5 km

In EN 300 175, parts 1 [1] to 8 [8], advance timing of the CTAs has been introduced, which allows up to 17 km range
with maintained TDD guard space. This feature was not available when ETR 139 [22] was published. LOS ranges of
10 kmto 15 km are therefore, in principal possibleto a CTA or to apool of WRSs in aremote village. This however
requires higher antenna gain (larger antennas) and higher antennainstallation.

The higher antenna gains, narrows the transmission beam and al so the reception angle, which reduces time dispersion
and required fading margins. For example, traditional 2 GHz 2 Mbit/s radio links without equalizers provide reliable
servicesover 15 km to 25 km typically using 30 dBi high gain elevated antennas. The LOS propagation model of

ETR 139 [22] requires for a 15 km single link range, antennas at 15 m height with 17 dBi gain at one end of the link and
14 dBi gain at the other end. A 12 dBi patch antenna has an area of about 600 cm? at 1,9 GHz. A 17 dBi patch antenna
has an area of about 2 000 cm?, etc.

6.4.2 Urban area - traffic capacity requirements mainly for speech
services

Typica urban scenarios are the extension of the fixed network to a new housing area near an existing town, a new town
or anew operator in aurban area.

The connection density ranges from 500 (villa area) to 2 000 (blocks of flats, 2 to 4 stories) connections per km?; each
connection has atraffic of 70 mE, which means a total traffic in the area of 35 E/km? to 140 E/km?2.

The highest residential traffic is 140 E/km? to 280 E/km? for blocks of flats with 4 to 8 stories. Thisis for abuilt up city,
but not typical for new housing areas.

A business centre metropolitan area may have about 10 000 employees per km2 . The traffic density is 1 500 E/km?
with 150 mE average traffic per employee. Since about 40 % of al trafficisinternal in a PABX, the required traffic
density is about 1 000 E/kmZ.

If second operatorsin an area deploying RLL will get 10 % of the total business traffic in a metropolitan area,
100 E/km2 must be supported by DECT RLL.

We may conclude that atraffic capacity of 100 E/km? to 150 E/km? is required to support speech RLL services.

These traffic densities are estimated to be doubled within a few years to 200 E/km? to 300 E/km? due to emerging
increase of data services.
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In developing countries may be up to 30 % of the metropolitan traffic (mainly speech) will need to be served by RLL.

This corresponds to 300 E/km2.

6.5 Summary of traffic requirements

Table 5 gives asummary of the traffic density requirements. These requirements have been related to typical
application examples indicating the average traffic required per radio site and the required radio site density

(site separation).

Table 5: Summary of traffic requirements for mainly speech services

Service type (mainly speech)

E/site, site separation

Traffic load

Residential

<1lE

25 E/km? to 280 E/km?

Office

<5 E, 25 m (rectangular grid)

Maximum 10 000 E/kmZ/floor

Public pedestrian hot spots

2,5 E, 40 m (rectangular grid)

1 500 E/km? at 5 % penetration

Public pedestrian street

<1E, <400 m (along a street)

15 E/km? at 5 % penetration

RLL 40 E, 8,7 km (hexagon grid) 0,6 E/km?2
40 E, 430 m (hexagon grid) 2
140 E, 1,7 km (hexagon grid) 250 E/Lkmz
140 E, 400 m (hexagon grid) 54 Elkm
Maximum 1 000 E/km?
7 ISDN, data and multimedia applications

The DECT standard (EN 300 175, parts 1 [1] to 8 [8]) provides a comprehensive set of interworking profiles for ISDN,
data and multimedia applications. There is a rapid world-wide growth of Internet residential and office subscriptions.
Therefore, it is foreseen that the present dominance of DECT speech services will within afew years shift so that data
services will be asimportant as speech services. A reasonable estimate is that the speech traffic per subscriber will be
about the same as today and that the additional traffic per subscriber due to use of data servicesin average will be of the
same magnitude as for speech.

The discussions below lead to the assumption that the increased use of data services in offices and homes will increase
the load on the DECT spectrum by a factor of two compared with speech only services.

7.1 ISDN services

So far two profiles have been defined for DECT/ISDN interworking, the ISDN Intermediate System (1S) and the ISDN
End System (ES). The IS standard provides the user with the ISDN B and D channels whereas the ES standard only
gives access to ISDN services such as the 64 kbit/s unrestricted bearer service and the ISDN supplementary services.
The spectrum requirements for the ISDN interworking profiles can be found in the tables below.

Table 6: Intermediate System (IS) spectrum requirements

DECT ISDN (IS) Total bearer requirements
D 1 full slot
1B (32 kbit/s) 1 full slot
1B (64 kbit/s) 1 double slot

NOTE: The standard allows for combinations of multiple B-channels and D-channels. Furthermore, after call
establishment both the B-channel and D-channel can be combined in one slot (e.g. after establishment
only one full slot isrequired to carry a 32 kbit/s B-channel and the corresponding D-channel).
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Table 7: End System (ES) spectrum requirements

DECT ISDN (ES) Total bearer requirements
Speech 1 full slot
B-channel is transcoded to ADPCM with
32 kbit/s
3,1 kHz audio 1 full slot
B-channel is transcoded to ADPCM with
32 kbit/s
Unrestricted digital information 1 double slot

A double slot occupies the position of two adjacent full dots. It provides an unprotected data rate of 80 kbit/s or in the
protected mode 64 kbit/s.

ISDN as such does not cause increased load on the DECT spectrum, because an ISDN speech call does not require more
spectrum than a"POTS" call. (Both use 32 kbit/s ADPCM speech over the air interface, and the ISDN D-channel
information istransferred to the A-field of the full slot duplex bearer during the call).

We may assume that people will not speak more in the telephone because they have ISDN, but they will have access to
data services over asecond line. It isthe increased use of data services that will increase the load on the spectrum.

ISDN B-channel data services will use adouble slot duplex bearer. ISDN D-channel packet datawill use afull slot
duplex bearer (as the normal speech service). A double ot compared with afull slot will momentarily use twice as
much spectrum, but because of the higher datarate, the time to transfer the data will typically be half. Therefore, using
double slots for data transfer, will in many cases provide equal or lessload on the spectrum than using full slots for the
data transfer.

The trunk limited blocking probability in abase station will however be larger for a circuit switched double sot than for
afull dot. Therefore for system planning more radio resources are needed to avoid trunk limited blocking when double
dots are being used. But thisis a separate issue than load on the spectrum.

NOTE: The blocking probability of a double slot (occupying the positions of two adjacent full slots) is higher
than the blocking probability of two non-adjacent full slots for amulti bearer connection. Dueto this,
recommendations for packing of full and double slots reduce double slot blocking probability. Such rules
have been included in the DECT base standards but their implementation is not mandatory.

7.2 Data services in general

Besides ISDN, data services may also be provided via modems over anal ogue connections using full slot and double
dot (transparent 64 kbit/s) bearers.

Dataover the DECT air interface may also be transferred using some of the specified family of packet data profiles,
which are far more spectrum efficient. The data profiles offer a variety of services varying from low speed messaging to
high speed frame relay. The user bitrates available are up to 552 kbit/s using 2-level modulation, and up to more than

4 Mbit/s using higher level modulation options. Two classes of mobility support have been defined for the data profiles.
Thefirst class, Class 1, concerns local applications where the terminals are pre-registered off-air with one or more
specific FPs. The second mobility class, Class 2, cares for roaming applications. All data profiles make use of the full
dot for the data transfer though the number of slots that are used vary, see table below for the 2-level option.

Table 8: Required number of bearers for the DECT data profiles

DECT data profile Maximum sustainable Bearer requirements
throughput using 2-level
modulation
DPRS 24 kbit/s per bearer 1 full slot per bearer
D (transparent and isochronous 32 kbit/s 1 full slot
connections)
E (low rate messaging services) 1,38 kbit/s (A-field, Cs channel) 1 full slot
17,6 kbit/s (CF channel)

The data profiles use single and multi bearer connections in protected and unprotected mode based on full slots. Both
symmetric and asymmetric connections are possible.
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A reasonable estimate is that the speech traffic per subscriber will be about the same as today and that the additional
traffic per subscriber due to use of data services, within afew years, in average will be of the same magnitude as for
speech. Therefore, we get the following estimated busy hour traffic per subscriber.

Table 9: Estimated busy hour traffic per subscriber

Subscriber Speech service only Speech and emerging data services
Office 150 mE to 200 mE 300 mE to 400 mE
Residential 50 mE to 70 mE 100 mE to 140 mE
Public pedestrian 30 mE 30 mE

This expected doubling of the traffic also affects RLL applications, but hardly the public street public pedestrian
application.

NOTE: Inthe estimates above, datatraffic is estimated to increase to the same level as the speech traffic that
today dominatesin DECT applications. However, if higher level modulation options are implemented for
DECT, the traffic figuresincluding data traffic, will correspond to data traffic having increased to twice
the level of speech traffic. See clause 7.3.1.

7.3 The DECT 4-level, 8-level, 16-level, 64-level modulation
option

The latest version of the DECT base standard includes backwards compatible 4-level, 8-level, 16-level and 64-level
modulation options as shown in table 10a

Table 10a: Available physical layer bit rates

Levels Narrow bandwidth
2 1,152 Mbit/s
4 2,304 Mbit/s
8 3,456 Mbit/s
16 4,608 Mbit/s
64 6,912 Mbit/s

The 4-level modulation is T74-DQPSK, the 8-level modulation 178-D8PSK, the 16-level modulation 16-QAM and the
64-level modulation 64-QAM. The shaping filter shall be root-raised cosine with Ts=1/1 152 000 s (Ts = symbol
duration) and roll-off (a) = 0,5 for al types of modulation. TY2-DPSK may be generally used as 2-level modulation
instead of the GFSK modulation.

Thiswill increase the bit rate of single radio DECT equipment by afactor 2, 3, 4 or 6 with retained transmitter
bandwidth, carrier spacing and slot structure.

Asymmetric data services with user data rates exceeding 4 Mbps are provided by asingle DECT radio.

A typical sensitivity of -95 dBm is expected for the 4-level modulation if coherent demodulation isimplemented, and
about -93 dBm with a differential digital detector. This sensitivity is similar to typical sensitivity for 2-level modulation.
7.3.1 Higher Level Modulation impact on traffic capacity

Due to the retained transmitter bandwith, carrier spacing and slot structure when higher level modulation is used, the
Dynamic Channel Selection mechanism is fully functional in environments with mixed modulation techniques and
mixed voice and data transmissions.

We could expect that the voice service remains with 2-level modulation since normally no shorter slots than full slots
are used. Therefore, the voice traffic capacity is not expected to be increased by introducing higher level modulations.

ETSI



28 ETSI TR 101 310 V1.2.1 (2004-04)

But data traffic capacity could increase by typically afactor 2 in average. The main gain is in implementing the 4-level
modulation, giving 2 times larger data rate. Since the sensitivity for 2-level and 4-level DECT receiver detectorsin
practice will be rather equal, we could expect doubling of the data capacity in single cell or other typical range or trunk
(DECT dots) limited installations, by just implementing 4-level modulation. In capacity limited environments, the gain
would be lower, because C/I for 4-level modulation will be lower than for 2-level modulation.

8 Multi-system and multi-service DECT applications
coexistence analysis for speech services and
emerging increase of data related services

In this clause an analysis of the coexistence of the different applications described above is made. The analysis supposes
abasic 20 MHz spectrum allocation and speech services and emerging increase of data related services with subscriber
traffic asindicated in clause 7.2 table 9. The conclusions are based on calculations and a large number of simulations,
which are described in more details in annex A.

8.1 Interference between residential systems

The critical scenarios in which interference between residentia systems could reduce the system capacity, may be when
users are close to each other like in adjacent flats or villas (see figure 3). However, interference between residential
systemsis not critical, since the local load from residentia users on the spectrum is very low, < 1 E/base station, much
lower than from offices.

Application of large numbers non-synchronized mutually interfering residential systems can be up to 3 times more
spectrum efficient than if they were synchronized. Thisis because the very short dummy bearer (down link only), if
synchronized, only has 12 different time domain positions, but 60 to 120 non-over lapping positionsif unsynchronized.
(A dummy bearer only consists of the S + A fields, 96 bits, as described in clause E.2.1. This gives up to

11 520/ 96 = 120 positions during a 10 ms frame. In the calculations below thisfigure is reduced by afactor of 2 dueto
unsynchronized packing.) Since the residential speech traffic isonly 0,07 E, most of the time only the short dummy
bearer istransmitted. Therefore, since the load on the spectrum from a synchronous system is 1 E, the load from an
asynchronous system is 12 / 60 = 0,2 E from the dummy bearer plus 0,14 E (2 times 0,07 E) from the speech traffic,
which equals 0,34 E. Including foreseen emerging increase of data services 2 times 0,07 E has to be added, which gives
0,48 E average load on the spectrum per household.

Residential systems shall not be required to be synchronized. Residential systems provide avery limited load on the
spectrum.
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Figure 3: Coexistence between residential systems
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8.2 Interference between residential systems and other
applications

The coexistence between aresidential system and other DECT applications such as Office, public pedestrian and RLL
isnot critical. The low traffic of the residential systemis not an interference risk, and the residential system will have no
difficulty to find a good single channel for its connection. This conclusion is related to the conclusions below on
interference from and between office systems.

8.3 Interference between office systems

As described above the business application is the one with the largest traffic densities, up to 10 000 E/kmé/floor for
speech services. Simulations have been carried out in a 3 storey building with varying total number of carriers available.
They show that with half of the 20 MHz spectrum (5 carriers) the capacity of a stand alone system with synchronized
RFPs still will be about 7 000 E/km?/floor with 25 m base station separation. This corresponds to 11 000 E/km?/floor
with 20 m separation (see clause A.1.2). This showsthat thereislocal capacity left for other systems. We see from
clause 6.2.1 that a more typical local peak speech traffic density is 2 500 E/kmé/floor.

When different unsynchronized office systems are close to each other (adjacent floors) in the same building, the
potential interference between systems could increase the local 1oad on the spectrum by about 20 % (see clause A.1.2).

Therefore, in spite of the high local traffic, the natural average isolation between office systems provides effective
coexistence of different office systems (see figure 4).
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NOTE: In the figure typical loss values for external walls and floors are indicated.

Figure 4. Coexistence between office systems

Since typical loss for external wallsis 15 dB, interference between systems in different buildings are very limited, with
some exceptions as a base station positioned along the window in front of the street. Anyhow, the average mutual load
on the spectrum between systems in different buildingsis very low.

Synchronization of RFPs within aDECT system (FP) is essential for all high capacity multi-cell systems. In-system
synchronization is normal practice for multi-cell office systems, where the RFPs obtain the synchronization over the
connection wires to the radio exchange (RFP controller). Synchronization is regarded essential by manufacturers both to
provide efficient handover and to meet internal system capacity requirements. Whether or not two systems within a
building are synchronized to each other does not influence the interference to systems outside the building. Therefore
inter-system synchronization within a building can be left to be agreed between the system owners.

From the above information, we can conclude that 10 MHz is required for general speech only office applications, and
that 20 MHz of spectrum will be adequate also for adding emerging increase of data services.

8.4 Interference between office and public pedestrian street
systems

Interference between office systems and a public pedestrian street system is studied for a worst case scenario shown
infigure 5.
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W

Figure 5. Coexistence between office-public public pedestrian applications

It isvery difficult to make accurate simulations of the interference from multi-storey indoor installations to a specific
point at street level. It is however easy to estimate an upper bound of the local load on the spectrum, if we suppose that
none of the channels used in the surrounding offices can be reused on the street.

For instance, the total maximum traffic from 3 floors of a 50 m long and 10m wide building on each side of the street, is
30 E. Assuming 1 terminal per 20 m2, the total number of terminalsis 150:

10x50m

5— X 3floors x 2buildings
20m
150 multiplied by the traffic of each user, 0,2 E, becomes 30 E. Therefore, the maximum load on the street is about
30 E. Some of the 30 simultaneous connections will reuse the same channels, and some extraload is caused due to
unsynchronized systems. The total local load on the spectrum at street level will be less than about 40 E. Since we have
concluded that the loadable local traffic is 100 E, 60 E isleft for the public pedestrian system (see clause 5.1). With the
estimated emerging data traffic (another 40 E) added, till 20 E are left. Therefore, also for this simplified upper bound
estimation, there is enough spectrum left for a street public pedestrian application, which typically only requires 1 E per
base station. In reality only channels from transmissions close to the windows may not be reusable at all at the street
and it is also rather unlikely that there is a DECT office subscriber every 20 m? on all floors on both sides of a street.

Nor will the opposite case, potential interference from a public pedestrian street system to offices, cause any problems
of coexistence, since the public pedestrian system typically loads the spectrum with less than 1 E per 200 m length of
Street.

8.5 Interference between office and RLL systems

Regarding interference from an RLL system to an office system, a critical situation could be interference from an
elevated high traffic RLL access node using high gain directional antennas. In clause 8.7 and clause A.3 are described a
realistic high traffic node deployment with 42 E average traffic per node. Thistraffic is however divided into six sectors
with 7 E each. Therefore, the local 1oad on the spectrum in any direction from this node will be limited to 14 E
(maximum two sectors are overlapping in any direction). Therefore, the local load from a high traffic public node to
private systems close to this node isless than 14 E. Therefore, 100 E - 14 E = 86 E is aways |locally accessible, which
dtill is adequate for the private users. Note also that it is the outer cells (close to windows) in office applications that
might be exposed to some interference from a public outdoor system, but that these outer cells suffer much less
interference from the own close by cells than the centre office cells. Furthermore, antennas for the RLL links are usually
above the roof top and this inserts a substantial average physical separation to indoor office systems.

Regarding interference from an office system to an RLL subscriber, the same conclusion as for the interference from
offices to a public pedestrian subscriber can be applied; at least 20 E to 60 E will be locally available. See clause 8.4.
Furthermore, antennas for the RLL links are usually above the roof top and thisinserts a substantial average physical
separation to indoor office systems, as exemplified in figure 6.
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Coexistance of DECT  RLL/Office

NOTE: RLL interferes less than another row of office cells does. RLL site with 6 sector antennae arrangement with
totally 42 E as exaple.

Figure 6: DECT RLL

Interference between RLL and office systems will in average not be critical.

8.6 Interference between public pedestrian systems

Installations in hot spot areas like railway stations, airports and sport arenas with up to 1 500 E/km? will be very similar
to larger office and factory installations. The difference isthat a number of systemswill cover the same area, without
any natural floor or wall isolation as between office systems. Therefore, the public systems should be synchronized, not
to cause unnecessary capacity loss. Else up to 50 % of the capacity could be wasted, and this waste would need to be
compensated by installing twice as many base stations for high traffic loads.

The high traffic densities may only be a quarter of the traffic density for high traffic office applications. On the other
hand, the public pedestrian multi-cell applications are in larger open spaces/halls than normal for office applications,
which will require a somewhat less efficient reuse of access channels. Therefore, compared to speech office
applications, see table A.1, where 2 carriers supports 2 100 E/lkm? , here 3 carriers (7 MHz) will be reasonable for a
single operator. 4 carriers (8 MHZz) is reasonable for a shared spectrum between a number of operators, because possible
different cell sizes may require some extra spectrum. More is not needed since they share the same potential number of
customers.

For street public pedestrian the load istypically 1 E per base station, which will not provide any mutua interference.
The spectrum requirement is a fraction of that required for the hot spots.
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8.7 Interference between RLL systems

Various rooftop RLL system scenarios have been simulated, where each RLL base station site, DECT Access Site
(DAYS) support 6 sectorized cells. Also the CTAs use sectorized gain antennas (see clause A.3). The separation between
DASsis 1,7 km, The magjor conclusions of the specific simulations are;

a) Maximum sharable local capacity with 10 carriersis estimated to be at least 300 E for 12 sector DAN clusters
and about 160 E to 200 E for 6 sector DAS clusters. Thisis achievable with use of arather simple (ow and
not very accurate) up-link closed loop power control.

b)  For two or more systems in the same geographical area, the total capacity/site of all operators becomes close to
the above maximum sharable local capacity, if the operators have similar cell sizes.

c¢) Each E corresponds to one speech connection or a data connection with about 32 kbps with 2-level modulation
and about 64 kbps with higher level modulation (at least 4-level modulation). 300 E correspondsto 19 Mbps
data throughput per DAN with 4-level modulation!

d) Having 1 RFP per sector provides atrunk limited average capacity of about 5 E/RFP to 7 E/RFP, and having 2
or 3 RFPs per sector provides roughly about 8 E/RFP to 9 E/RFP of average capacity.

€)  Synchronization between DASs and between above rooftop RLL systems has a very large positive impact on
the system capacity, and should be mandated for nodes with high traffic.

f)  Employing antenna gain generally increases the wanted signal and decreases interference in systems with
instant DCS. Use of directional gain antenna versus omni-directional antennas at the DAS has alarge positive
impact on the system capacity.

0) When severa operators are active in one geographical area, sharing the spectrum will lead to a higher capacity
than dividing the spectrum between the operators. Up to 3,1 to 4,8 times increase in spectrum efficiency has
been found. Thisiswhen the cell sizes of the different systems do not differ too much. The lower figureis
when the operators have equal local market share, and the higher figure when one operator has alocal
dominance.

h)  There needs to be a mechanism to ensure that a dominant operator does not limit the spectrum access of the
other operators in case of a hot spot local area with large differences of cell sizes. For example, in the case of
the dominant operator having 90 % of the traffic and a second operator has 10 % and nine times larger cell
area than the dominant operator, the spectrum efficiency gain over an equal split of the spectrumis reduced to
1,6 instead of 3,1 with equal cell sizes. In this case it was necessary to reduce the number of carriers of the
dominant operator from 10 to 8, to provide escapes for the large cell connections.

i)  The distance between the DASs of the above rooftop RLL system have alimited effect on the traffic capacity
per DAS, aslong as the different systemsin alocal area have similar cell sizes.

8.7.1 Spectrum requirements for RLL applications

From clause 6.4.1 we conclude that minimum 40 E per DAS should be available for each operator to build mutual price
competitive networks.

We see from clause 8.7 that 160 E to 200 E per DAS could be provided with 10 carriers. Not to be too optimistic, we
suppose that 140 E is the sharable capacity. Therefore, we conclude that 4 carriers (7 MHZz) isrequired for one RLL
operator including support of estimated emerging increased data traffic (40 E to 45 E per DAS).

Since the maximum sharable traffic, for the specific models used, is 140 E with 10 carriers (20 MHZz), if cell sizes of the
systems have similar sizes, we may conclude that probably up to say 4 operators may coexist well on 20 MHz of
common spectrum. The reason that several operators will be able to share the spectrum, is that the total number of
potential customersis limited. Therefore, 4 times more spectrum will not be needed when 4 instead of one operator
compete for the same customers. On the other hand we should avoid too hard restriction on co-ordinating cell sizes
between operators. Therefore atotal of 20 MHz would be redlistic including the increase of data traffic and about 4
operators. This also leaves room for the public pedestrian application described in the next paragraph using aDAS
infrastructure to feed street mounted WRSs. It is essential that conflict solving rules for emerging local hot spots, like
those suggested in clause 10 are imposed as part of the licensing agreement. It isimportant to see that when locally
applying these conflict solving rules, the capacity for a split spectrum case is the bottom level.
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It isinteresting to note that a public pedestrian street system, employed as a DAS system linked to WRSs (CRFPs)
having below roof top local links, has the same interference to RLL systems asif it was an ordinary DAS RLL system.
It isinteresting that this concept aternatively may be interpreted as an RLL system with local mobility (see

clause 8.8.1).

8.8 Interference between public pedestrian systems and RLL
systems

The largest potential interference between RLL systems and other DECT applications is between above rooftop RLL
systems and a public below roof top public pedestrian street system, since the public pedestrian system has outdoor base
stations (see figure 7). Such an interference scenario has been simulated, where each RLL base station site, DAS,
supports 6 sectorized cells (see clause A.5). The separation between DASsis 1,7 km, and between public pedestrian
base stations 300 m, both systems are installed in hexagon grid patterns. There are 33 public pedestrian base stations
within the area of one DAS.
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Figure 7. Coexistence between public pedestrian - RLL

The RLL traffic, up to 44 E per DAS node, did not affect the public pedestrian traffic at 3 E per public pedestrian RFP.
Since public pedestrian street base stations typically have 1 E average traffic per cell, we conclude that for this scenario,
the interference to the public pedestrian system is not critical.

1 E average traffic per public pedestrian cell does not affect the RLL system having up to 44 E average traffic per DAS.
3 E average traffic per public pedestrian cell however reducesthe RLL traffic (0,5 % GoS) of about 40 E per DAS to
about 30 E per DAS.

Thelarge difference in cell radii is the major reason why the RLL traffic is more affected than the public pedestrian
system. Typical street public pedestrian systems with 1E per cell, do not affect the RLL traffic. 3 E per public
pedestrian cell gives reduction of the RLL traffic.

The above conclusions relate to intra-system and inter-system synchronization. Suppose the public pedestrian systemis
not synchronized to the RLL system. Since the RLL system will not differentiate between interference from RFPs and
PPs, up-link/down-link mix will not contribute, as between RLL systems (DASs). Therefore without inter-system
synchronization, the interference from a 1 E per cell public pedestrian system, would at most to be asfrom a2 E per cell
inter-system synchronized public pedestrian system. For 2 E per cell the interference to the RLL system starts to be
noticeable. The need for inter-system synchronization may need to be considered.
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8.8.1

The results from the above simulated scenario can also be used to estimate the spectrum load of an RLL system with
local mobility using WRSs type CRFP instead of CTAs, where the CRFPs provide local links to PPs. See clause A.6.
This system concept can also be described as a public pedestrian system using CRFPs instead of wired RFPs, where the
DAS infrastructure provides the above rooftop connection to the CRFPs. The antennas for the local CRFP link are
supposed to be below rooftop as for the original RFPs. The CRFP antennas for the longer DAS link is supposed to be
similar in position and have antenna gain as for the original CTAS (75 % arein LOS). See clause A.5.2.3.1.

Spectrum load for a system consisting of DASs and WRSs (CRFPs)

The conclusion is that we can use the blocking probabilities for aDAS RLL system (with CTAs and not WRSS) to
estimate the GoS and load on the spectrum for the DAS + WRS concept. Thisisavery interesting result, and will asa
first approximation independent of the cell sizes and traffic densities.

8.9 Interference from public systems to private users

The worst interference source from a public system is an elevated high traffic node using high gain directional antennas.
In clause 8.5 the potential interference between arealistic high traffic node deployment and an office system has been
analysed. The clear conclusion isthat due to sectorization and the average attenuation between above roof top links and
indoor links, interference to officesis not a critical scenario. Potentia interference to residential users will be even less,
due to the low residential traffic capacity requirements.

Therefore, thereis no need for special protection of private systems from interference from public systems. Public
systems should be allowed to use all available carriers.

8.10

Theinterference potential between different DECT systems can be summarized by table 10b.

Summary on coexistence and spectrum requirements

Table 10b: The potential interference between DECT applications

Public Public
Interference to Residential Office pedestrian hot [ pedestrian RLL
spots street
Residential low low low low low
Office low some some low low
Public pedestrian low some high low low+
hot spots
Public pedestrian street low low+ low low low+
RLL low low+ low+ some high
NOTE:  "low+" indicate that there are some circumstances were there is "some" interference.

As seen from the table 10b, the worst RLL interference is between above roof-top RLL systems. The simulations given
in clause A.3 show that intra-system and inter-system synchronization is a hecessity for above roof top RLL
installations. Public pedestrian street systems employed as a DAS system linked to WRSs (CRFPs) having below roof
top local links, are covered in the table by "RLL". The DECT standard (EN 300 175, parts 1 [1] to 8 [8]) provides for
this purpose a cost effective absolute time synchronization option using the Global Positioning System (GPS) satellite
system. Other means for mutual frame synchronization are also available in the DECT standard

(EN 300 175, parts 1 [1] to 8[8]). The table also indicates the potential for interference between operators for public
pedestrian hot spots, such as railway stations and airports. Local inter-system synchronization is recommended for high
capacity cases.
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The spectrum requirements based on the simulations in annex A have estimated spectrum requirements for different
blocking probahilities, typically between 0,1 and 2 %. The 1 % blocking probability cases have been used for the
discussions in the present document. Adjustments to another blocking probability is possible with help of the
information in annex A. The estimated total spectrum required for different DECT application scenarios from
clause 5.2.2.4 can be summarized as follows.

Table 11: Summary of spectrum requirements

Scenario Office and Public pedestrian RLL Total spectrum
Residential hot spots requirement
Shared spectrum, 3 10 MHz 7 MHz 16 MHz 20 MHz
(note 1) RLL operators.
Mainly speech services 5 carriers 3 carriers 8 carriers All applications share the
10 000 E/km?2 1 500 E/km?2 Upto 120 E spectrum. Conflict solving
4,5 E/base 2,5 E/base sharable per rules for public operators
21 m separation 41 m separation DAS (note 2)
area
Shared spectrum, 20 MHz 8 MHz 20 MHz 28 MHz
several RLL operators.
Speech and estimated 10 carriers 4 carriers 10 carriers Private applications only in
emerging data services 20 000 E/km?2 1 500 E/km?2 Upto 140 E 1880 MHz to 1 900 MHz.
10 E/base 2,5 E/base sharable per Conflict solving rules for
22 m separation 41 m separation DAS (note 2) public operators
area
NOTE 1: May perhaps be 4, provided very well defined and regulated conflict solving rules.
NOTE 2: A DAS area is served from one radio site with sectorized directional gain antennas and up-link power
control.

Thetext in Italic in table 11 gives some basic application examples that relate the spectrum requirements to the traffic
capacity requirements of clause 6. The separation distances relate to rectangular grids. The traffic served per DAS
relates to the specific simulation scenario of clauses A.3.3 and A.3.4.

The European initial DECT allocation 1 880 MHz to 1 900 MHz provides 10 DECT carriers.

EN 300 175 parts 1 [1] to 8 [8] defines extended DECT carriers up to 1 937 MHz. This ensures interoperability in
extended DECT allocations, or in countries with allocations other than 1 880 MHz to 1 900 MHz. Extension up to
1910 MHz will provide atotal of 16 carriers, and extension up to 1 920 MHz, 22 carriers.

In many countries and for many scenarios, depending on number of operators and other factors, we can conclude that
theinitial 1 880 MHz to 1 900 MHz, will support reliable and economic deployment of DECT RLL systems effectively
coexisting with other DECT applications.

There may be markets with conditions favouring spectrum extension for the public DECT services. A justification for
any extension of the DECT spectrum shall be related efficient use of the spectrum. Commercial RLL and point to
multi-point non-DECT systemsin operation in the 3,5 GHz band have been allocated totally 10 MHz to 30 MHz each,
say 20 MHz each in average. Compared to allocating two separate 20 MHz allocations for two operators with traditional
RLL technologies, asingle 20 MHz shared allocation for the DECT services can for instance support four RLL
operators plus support a number of public street system operators and also support the traffic for all private office and
residential DECT systemsin acity.

NOTE: Commercial RLL and point to multi-point systems operating in the 3,5 GHz band, normally have FDD
duplex arrangements and not TDD duplex arrangements. Annex F gives information on RF modifications
of DECT enabling applications on FDD (paired up-link/down-link) spectrum.
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9

Conclusion on spectrum requirements for different
scenarios

Based on the information in earlier clauses, the following is concluded on use of the DECT spectrum:

a)

b)

©)

d)

f)

9)

By allowing all services to share the whole spectrum, in general, we will maximize the possible traffic offered,
since we maximize the trunking efficiency of locally available access channels. See clause 5.2.2.

Specifically we oppose to any suggestion to forbid public operators to use part of the total spectrum, since
public services blocking office or residential applicationsis not a critical scenario.

All public operators should in principle operate on the whole allocation. See clause 5.2.2. Potential problems
with implementing very different RLL cell sizesin the same local areg, is solved by proposals for conditional
local carrier back-off rules when alocal conflict occurs. This is much more efficient than having some kind of
fixed split of carriers between operators. See clause 10.

The public license should contain some rules for synchronization and procedures for limiting the traffic in high
elevated nodesif local conflicts occur between operators. See clause 10.

Results from simulations indicate that it is feasible to start implementing all intended DECT services on the
current 20 MHz. But since the DECT standard is most suitable for ISDN, data, multimedia and RLL
applications, we can foresee arapid increase of applications in these areas, whereby extended spectrum

(8 MHz to 10 MHZ) could increase the cost effectiveness of high quality DECT servicesin a multi-operator
environment. See clause 8.10. To retain one of the most important success factors of DECT, the
multi-application platform, this extension should be a natural extension of the current 20 MHz band. DECT is
an IMT-2000 technology, and is supposed to utilize IMT-2000 spectrum. See clause 4.

Principally, regulators shall not limit any system to have access to the whole allocated band. The main reason
isthat we believe that thisis the best choice for competition on an unregulated market. But also, if the band is
split, we will lose the possibility for large scale realistic verification of the power and efficiency of applying
uncoordinated DECT system installations on a common spectrum allocation. It is however reasonable to limit
the use of any extended DECT band to public operation, since it is hard to regulate the unlicensed services
with conflict solving rules.

DECT FPs operating on an extended band shall have field programmable software controlled carrier
alocation. This will encourage regulators to start with as few restrictions as possible, since it provides asimple
means, if required, for eventual local resolution and for refinement of deployment rules once redl life
experience has been gained.

10

Recommendation on procedures for economic
handling of hot spots and emerging traffic increase

Below are suggestions for procedures for economic handling of local emerging traffic increase and local hot spots,
based on simulations and analysis performed in this report.

These suggestions are generally applicable, but as seen from the summary on coexistence, clause 8.10, agreed mutual
rules for handling of local hot spot traffic only need to be considered for high traffic density public system, mainly those
with above rooftop antenna installations.
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10.1  Monitoring

It is standard practice in wired and wirel ess telecommunications systems to monitor the traffic variations and blocking
rates as part of the Operations and Maintenance (O& M) support to an operator. Thisis required for timely adjustment of
the infrastructure as the local traffic increases or varies, due to changed habits of the subscribers, new services visible or
not visible for the operator and due to new subscribers.

Therefore, the need for monitoring the local traffic and service quality, and having processes for timely modification of
the local infrastructure to adjust for partly unpredictable local variations, is nothing specific for DECT. The new
element for DECT isthat not only the own subscribers, but also the traffic variations from other systems, may influence
the need to adjust the infrastructure. Thisis not a problem as such, as long as the economic impact of non-predictable
local adjustments due to traffic from surrounding systemsis low compared to other costs.

As seen from the summary on coexistence, clause 8.10, the economic impact from traffic of other systems only need to
be considered for high traffic density public system, specifically between those with above rooftop antennainstallations.

One aim for the suggested rules below, is to provide predictable upper bounds for the infrastructure costs at local hot
spots, where special co-ordination between operators may be needed for providing mutual efficient use of the spectrum.

10.2  Adjustment of the infrastructure

The operator should monitor the traffic and the blocking probabilities at each base station of the system. This enables
him to timely adjust his infrastructure to cope with emerging local traffic growth:

a) if thelocal traffic tends to become trunk limited, more radio resources shall be added;

b) if thelocd traffic tends to become interference limited, the local cell density shall be increased, by having
more sectors per cell site and/or more cell sites.

Adding sectors or cell sitesis simplein the sense that DCSis used so that the new sectors or cells do not impact the rest
of theinstallation. If theissueisonly to increase the own link quality and not increase the own traffic asimple meansis
to add aWRS at the area with marginal wanted signal. The WRS should have a directional antenna towards the RFP to
ensure the link reliability to the RFP. Also adding sectors at a cell site is not very costly, since the transmission capacity
to the site will in this case remain unchanged.

It isimportant that an operator is not forced to increase his cell density beyond economic limits because other operators
in the same area increase their traffic. One aim for the suggested rules below, is to provide predictable upper bounds for
the infrastructure costs at local hot spots.

10.3  Frame synchronization

DECT isdesigned not to require frame or slot synchronization between base stations or systems to maintain a high radio
link quality. Synchronization between close by base stations does however in general decrease the local load on the
spectrum. For high capacity indoor multi-cell systems the vast majority of the close by base stations normally belong to
the own system, and synchronization is regarded essential by manufacturers both to provide efficient handover and to
meet internal system capacity requirements.

I ntersystem synchronization (to an absolute reference or mutual between two systems) is essential for above rooftop
high capacity applications, and should be mandated for such applications. Intersystem synchronization (to an absolute
reference or mutual) is also essential for "hot spot” public pedestrian applications. The DECT standard

(EN 300 175, parts 1 [1] to 8 8]) provides for this purpose a cost effective absol ute time synchronization option using
the GPS satellite system. Other means for mutual frame synchronization are also available in the DECT standard

(see EN 300 175, parts 1 [1] to 8 [8]).

For other cases inter system synchronization istypically not critical, and should not be mandated.

In order to prevent potential problems, it could be recommended that all public systems, i.e. al systems needing a
license, are forced to be locally synchronized to each other, if an operator requiresit in a specific local area. This means
that means for mutual synchronization must be a part of a public system.
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In addition, intra-system synchronization, at least within local clusters, should be mandatory for public systems,
although most systems already have intra-system synchronization in order to provide intercell handover.

Thisleads to the following simple rule:

- Public systems should provide intrasystem cluster synchronization, and should have either GPS
synchronization and a SY NC output port or acomplete SY NC port (both input and output). Thiswill alow
absol ute time synchronization via GPS or wired mutual synchronization, if an operator requires local
synchronization between operators.

NOTE: For public pedestrian street type (antennas lamp post, below rooftop, 1E per base), synchronization may
improve the capacity, but is often not essential. GPS synchronization isfeasible if several base stations
are part of the same FP. It is not cost effective for single RFP FPs connected directly to alocal exchange
unlessit is possible to transfer frame synchronization signals over the local exchange.

Rulesin line with the above recommendation have been implemented in the second edition of TBR 006 [10].

10.4 Maximum traffic load at RFPs

Simulationsindicate that it is desirable for an operator to limit the planned average traffic in any one coverage cell
(omnidirectional or sector shaped) to about 30 E (full-dlot duplex bearers or equivaent) per 20 MHz total allocation.
Exceeding this limit could make the effective range of his cells disproportionally vulnerable to interference from other
users of the spectrum.

NOTE: TheRLL simulationsindicate 160 E to 200 E traffic in aDAS with 6 sectors. Thisis about 30 E per
sector cell. Due to overlapping of the sectors, this corresponds up to about 60 E load in a specific
geographical direction.

The intention is to restrict the maximum load from one antenna on the DECT spectrum in a specific geographical
direction. This recommendation must not be used to limit economic infrastructure implementations, but as atool for
optimizing coexistence on the common DECT spectrum when required.

Limit figures on traffic per cell for outdoor antennainstallations could be part of a package of conflict solving rules, to
be used if alocal conflict occurs between public operators. The limits may depend on the total amount of allocated
spectrum and on the degree of sector overlapping.

10.5 Sharing infrastructure

The simulations show that maximum spectrum utilization occurs when different operators use similar cell sizes. An
optimal way to provide thisis to locally share the infrastructure. DECT provides flexible identity structures that can
provide broadcast access rights information over a base station from several service providers.

Operators should be allowed to locally share the same base station infrastructure.

10.6 Carrier back-off

When several operators are active in one geographical area, sharing the spectrum will lead to a higher capacity than
dividing the spectrum between the operators. Up to 3,1 to 4,8 timesincreased local spectrum efficiency has been found.
Thisiswhen the cell sizes of the different systems do not differ too much and includes effects of varying local
distribution of market share between operators.
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However, if for above roof top installations the cell sizes differ alot, and if the operator with the smaller cells provides
very high local load on the spectrum, the large cell operator may get an unacceptable high blocking probability, unless
he provides as dense infrastructure as the small cell operator. Simulations show that for a case of as much as nine times
differencein cell size, both systems get about the same accessibility if the small cell system or both systems back of
from 2 different carriers. And still the capacity is about 1,6 times better than for a completely split spectrum between
two operators. This leads to the following proposals for conflict solving rules:

a)

b)

Any public system (and any DECT FPs operating an extended band) shall have field programmabl e software
controlled carrier allocation. Thiswill encourage regulators to start with as few restrictions as possible, since it
provides a simple means, if required, for local conflict resolution and for refinement of deployment rules once
real life experience has been gained.

Above roof top system operators shall in case of conflict between them, locally, mutually back off from the
same number (2) of carriers (but different carriers). They may back off until the spectrumislocally totally split
between them, but going so far is not optimal. In principle only the operators that have conflicts need to
back-off. An alternative where each operator always has access to one or two own carriers, seems much less
attractive to al parties. All will suffer in all normal cases where back-off is not required. And if there are many
operators, so much will be taken from the common spectrum, that the, in average, large economic gain of
sharing may be totally lost.

By using such conflict solving rules when there are large differencesin cell sizes, the local upper bound for the
infrastructure cost will be as for the case of totally split spectrum. But in reality, due to varying local distribution of

market share between operators, the upper bound may be asif the spectrum was split between only two operators, even
if there are, say, four operatorsin total.
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Annex A:
Simulation results

This annex describes the scenarios and the results of the simulations referred to in the main text of the present
document. It isacollection of information from alarge number of input documents supplied to the ETSI DECT Project
during development of this report.

A.1  Simulations of WPBX office systems

In this clause the main assumptions and results of the simulations carried out for WPBX systems are summarized. First
the simulation scenario is described highlighting the differences, then the reported results are presented.

A.1.1 Simulation scenario

Terminals are randomly positioned (with uniform distribution) within a reference three-storey building
100 m x 100 mx 9 m, in which 16 base stations are regularly spaced on each storey (figure A.1). Each terminal
generates 0,2 E of traffic and the mean duration of the call is 120 s.

IAf>30 dB 3

Af> 15 dB 2

" 1

100 m

100 m

Figure A.1: Reference building

Two different radio propagation models have been considered:

The ETSI model assumes a propagation exponent accounting for the path loss equal to 3,5, an attenuation between
floors of 15 dB, and a shadow margin factor uniformly distributed in the range +10 dB.

(d)= 30+35log (d) + 15 x (number of floors)

A model for more heavy construction buildings, the Ericsson loss Model, has also been used.

Ericsson-in-Building loss model:
(d)= 38+30log (d) +15 x (number of floors) d<20m
(d)= -1+60 log (d)+15 x (number of floors) 20m<d<40m

d)= -97 +120 log (d) + 15 x (number of floors) d>40m

The shadowing margin is modelled with alog-normal law with zero mean and a standard deviation of 8 dB.

In both the models the Rayleigh fade margin is 10 dB, when antenna diversity is applied; the C/I threshold is 11 dB, so
the call set-up threshold is 21 dB.
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The system spectrum allocation, the radio parameters, such as transmitted power, receiver noise floor, adjacent channel
rejection factors etc. and the call procedures, such as set-up and handover for both single and multi-bearer channel
alocation models, are in accordance with the DECT specifications (see EN 300 175-3 [3]). Specificaly, the parameters
of the ssimulation scenario of annex E of ETR 042 [21] have been used. Base station blind slot information is available
at the PPs for the simulations in clause A.1.2, whilst not in clause A.1.2.2.

The aim of thiswork isto evaluate the GoS versus the average traffic per base station and the total number of available
DECT carriers (total spectrum). GoS is defined as follows:

number of blocked calls + 10 xnumber of interrupted calls
total number of calls

GOS =

In simulation works dealing with DECT performance (ETR 042 [21]) the desired GoS should be less than 1 %.

A.1.2 Simulation results

For the ssimulationsin this subclause, DECT capacity in offices, intracell and intercell handover is provided and 20 % of
the users are moving. The capacity is expressed in average speech traffic (Erlangs) per base station, as a function of the
number of carriersthat has been allocated to the system. Table A.1 provides a summary for the 1 % blocking case using
the ETSI loss model. Table A.2 is the same summary for a heavy construction building where the Ericsson Loss model
has been used.

Table A.1: Average traffic per base station (at 1 % blocking probability) in an office application as a
function of total number of DECT access channels (the ETSI loss model has been used)

No. of carriers/ Average traffic [ Average number of | Traffic/km2/floor, if 625 m? per
access per base station |users (at 0,2 E) per base station
channels base station (25 m separation)
2/24 1,3E 7 2100 E
4/48 32E 16 5100 E
6/72 45E 23 7200 E
8/96 53E 27 8500 E
10/120 56 E 28 9 000 E

It can be seen from table A.1 that the capacity is C/I limited up to about 6 carriers. For higher number of carriersthe
capacity becomes trunk limited (maximum 12 simultaneous calls per base station). For table A.2 the limitis at
4to 5 carriers.

Table A.2: Average traffic per base station (at 1 % blocking probability) in an office application as a
function of total number of DECT access channels (the Ericsson loss model has been used)

No. of carriers/ Average traffic [ Average number of | Traffic/km2/floor, if 625 m? per
access per base station |users (at 0,2 E) per base station
channels base station (25 m separation)
2/24 2,1E 11 3400 E
4/48 44 E 22 7 000 E
6/72 55E 26 8 800 E
8/96 6,1 E 31 9800 E
10/120 6,1 E 31 9800 E

Regarding capacity calculations, the figure average traffic (E) per base station is the essential parameter. The traffic
density figures, traffic/km? and number of users per floor, depend directly on the base station density (base stations
per km? or per floor). The results below may be extended to cover other base station densities, by varying the base
station density, but keeping the E/base figures from the tables. We may conclude that with about 20 m base station
separation 5 carriers (10 MHz) will provide about 10 000 E/km?.
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A.1.2.1 Capacity in large office landscapes with soft partitioning

Simulations have also been made for a very large single floor 300 x 300 m office landscape with semi-high soft
partitionings, but without interior walls. The propagation mode! is:

L=41+20log(d) +I xMax|0,(d ~10)] dB, wherer is0,37dB/mor0,59dB /m.

The higher attenuation figure corresponds to a high density of partitions.

The results are summarized in table A.3.

Table A.3: Average traffic per base station (at 0,5 % blocking probability) in a large
(300 m x 300 m) office landscape with soft partitioning as a function of
total number of DECT access channels and as a function of total traffic

No. of carriers/ Average traffic per | Number of base stations Traffic/km? (total traffic in
access channels (IN) base station (base station separation, the office)
rectangular grid)
5/60 (0,37 dB/m) 42 E 12 (87 m) 556 E (50 E)
5/60 (0,37 dB/m) 6,0 E 42 (46 m) 2 778 E (250 E)
5/60 (0,37 dB/m) 56 E 90 (32 m) 5556 E (500 E)
5/60 (0,37 dB/m) 37E 272 (18 m) 11 111 E (1 000 E)
10/120 (0,37 dB/m) 42 E 12 (87 m) 556 E (50 E)
10/120 (0,37 dB/m) 6,9 E 36 (50 m) 2778 E (250 E)
10/120 (0,37 dB/m) 78E 64 (38 m) 5 556 E (500 E)
10/120 (0,37 dB/m) 59E 169 (23 m) 11 111 E (1 000 E)
5/60 (0,59 dB/m) 25E 20 (67 m) 556 E (50 E)
5/60 (0,59 dB/m) 6,0 E 42 (46 m) 2 778 E (250 E)
5/60 (0,59 dB/m) 6,2 E 81 (33 m) 5556 E (500 E)
5/60 (0,59 dB/m) 42E 240 (19 m) 11 111 E (1 000 E)
10/120 (0,59 dB/m) 25E 20 (67 m) 556 E (50 E)
10/120 (0,59 dB/m) 6,9 E 36 (50 m) 2778 E (250 E)
10/120 (0,59 dB/m) 78E 64 (38 m) 5 556 E (500 E)
10/120 (0,59 dB/m) 6,4 E 156 (24 m) 11 111 E (1 000 E)

We see that the installation is range limited for the low traffic cases, and starts to be come interference limited for the
high traffic density cases. We also see that with about 20 m base station separation 5 carriers (10 MHz) will provide
about 10 000 E/km?, as for the simulationsin clause A.1.2.

Al22

The potentia Interference to and from different WPBX systemsin the same building has a so been analysed. Below the
main results are presented.

Interference to and from offices

Two different scenarios are taken into account:
a) asinglesystemin the building;
b) threedifferent unsynchronized systems (one per floor).

Asafirst assumption, systems are considered unsynchronized, i.e. frames are not aligned; the shift between the first
time-dot of the frames of each system is not greater than one time-dlot as shown in figure A.2.
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2 3 456 7
system 1 [ [ ]| Tl (711 -------
1 2 3 4:5:6 7
system 2 [ | 1717171 ------"
1 2 3 456 7

system 3

I:’ Timeslot on which a transmission occurs
Figure A.2: Three unsynchronized systems in the building

When asingle WPBX system isintroduced in the building with afloor attenuation of 15 dB, the maximum capacity of
the system in terms of Erlangs per RFP reached with a GoS equal to 1 % is about 5,6 E, that corresponds to

9 000 E/km?/floor; if a higher separation between floorsisintroduced (i.e. Af = 20 dB), this value becomes 6 E, that is
9 600 E/km?/floor. Note that blind slot information is not provided in this simulation. This explains the slight
discrepancy with the results of clause A.1.2.

In the second scenario, a different WPBX system is positioned on each floor of the building; terminals can only set-up a
call and make handovers with base stations of their system, that is of their floor. Two values on floor attenuation are
taken into account: The different systems are unsynchronized. The comparison among the scenariosis shownin

figure A.3.

----@---1 system
2 - y
----0---- 1 system Af=20dB
15 -
—0O— 3 systems
< unsynchronised
QU')’ 1 k- —24— 3 systems unsinch
O Af=20dB
o |
0,5 !
0
2

Offered traffic (Erlang/RFP)

Figure A.3: Offered traffic per RFP with one and three systems in the building

The results obtained by simulations show that coexistence of different WPBX systems, also unsynchronized, is possible
with aloss in capacity, in the worst case, less than 20 %; in fact the total capacity obtained is about 7 400 E/km?/floor,
instead of about 9 000 E/km?/floor for the reference case of 1 system in the building with Af = 15 dB.

Better performance is obtained when the physical separation between different systemsis higher, that is when the floor
attenuation considered is 20 dB. In fact, in that case, the loss in capacity when 1 system in the building is substituted by
3 unsynchronized systems is almost negligible: The total capacity decreases from 9 600 E/km?2/floor to

9 300 E/km?/floor.

Table A.4 summarizes the ssmulation results.
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Table A.4: Summary of comparison of capacity for unsynchronized office systems

SyStem types Af (d B) ErIangs/RFP Er|angs/km2/f|oor
1 system 15 5,6 9 000
on three floors 20 6 9 600
3 systems 15 4,6 7 400
unsynchronized 20 5,8 9 300

A.1.3 The impact of up-link power control

A.1.3.1 Introduction

Power control of subscriber units (PPsand CTAS) hasin the DECT (and PWT(US)) standards been added to the Instant
Dynamic Channel Selection, iDCS, procedures. It is called PP power contral. It is not mandatory, but it provides a
number of advantages including increased capacity where the DECT environment is dominated by uncoordinated single
cell systemsand RLL.

A.1.3.2 Power saving
PP power control increases the talk time of subscriber units. For this reason a number of manufacturers of residential
DECT systems have aready since many years used a simple (two step) open loop power control procedure.

A.1.3.3 Control of maximum interference and cell sizes

DECT RFP down-link per connection power control is not possible due to the iDCS procedure. It is however possible to
have a static reduced power for all down-link transmissions from a specific RFP. A DECT system may have the same
reduced power on all RFPs, or have different power on different RFPs, which will result in different "cell sizes'.
Information on reduced RFP power may need to be broadcast to PPs using open loop power control.

By introducing PP power control no more power will be emitted during a call than what is needed. It would aso be
possible to completely control the maximum emitted handset power (and RFP power) by (locally) installing the DECT
base stations close enough.

A.1.3.4 Capacity impact

A.1.341 Single-radio RFPs and WRSs

A.134.1.1 Residential single cell systems

A number of adjacent residential systems appear as a set of mutually unsynchronized RFPs or cells. Since they are
unsynchronized, the (in average) lower PP power will reduce the average level of mutual interference and thus reduce
the local load on the spectrum.

A.13.4.1.2 Multi-cell systems

Multi-cell systems have all their RFPs synchronized. Since the down-link power is not changed, the down-link capacity
will not be changed. Therefore the system capacity is not expected for be very much influenced by the PP power
control, which has been confirmed by simulations.

A.1.34.2 Multi-radio RFPs and WRSs
The total capacity of asingle-radio RFP is trunk (slot) limited to about 5 or 6 E. A single-radio WRS istrunk limited to

about 2 E. The way to increase the local capacity without increasing the number of RFP sites, is the use multi-radio
RFPs and WRSs.
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In amulti-radio RFP (or WRS) the same time slots will be used simultaneously on different carriers. Thereforeit is
important to have enough adjacent channel selectivity/power suppression not to cause interference in the RFP between
channels using the same time slot. Thisis not a problem for the down-links, because the down-link power is constant on
channels of all radios, and the actual isolation between the channels will be equal to the specified adjacent channel
selectivity of the receiver. However, there will be a problem for the up-link when constant up-link power is used,
because one subscriber unit can be close to the RFP and another close to the cell range. Therefore the up-link signals
received at the RFP on the same time slot (but on different carriers) could differ e.g. 30 dB in field strength, and the
specified adjacent channel selectivity will not be sufficient to avoid the weaker signal to be blocked. Thus multi-radio
RFPs will not be able to utilize all channels, unless up-link power control isimplemented, so that all the up-links are
received with equal power at the RFP/WRS.

With PP power control it isfeasible to increase capacity by placing several synchronized RFPs or WRSs on the same
site or spot, aslong as they have the same UL/DL dlot notations. This could be useful in office and residential
environments. But the for RLL systems where the RFP/WRS sites are very expensive, multi-radio RFPs or collocated
RFPs are required, and here the capacity increase by introduction of PP power control becomes dramatic (2 times).
See clause A.3.4.

A.1.4 The impact of higher level modulation options

The latest version of the DECT base standard includes backwards compatible 4-level, 8-level, 16-level and 64-level
modulation options. Thiswill increase the bit rate of single radio DECT equipment by afactor 2, 3, 4 or 6 with retained
transmitter bandwidth, carrier spacing and slot structure.

Asymmetric data services with user data rates exceeding 4 Mbps are provided by asingle DECT radio.

We could expect that the voice service remains with 2-level modulation since normally no shorter slots than full slots
are used. Therefore, the voice traffic capacity is not expected to be increased by introducing higher level modulations.

For more or lessisolated single cell single-radio systems we will get up to 6 times increased data traffic, unless they
become range limited for the highest level modulation options. The 4-level modulation option will hardly introduce
range limitation compared to the present implementation of 2-level radios. See clause 7.3.

For multi-cell systems, and for the total capacity locally availablein an environment of several systems, introduction of
higher level modulation options could increase the data traffic capacity by afactor 2 in average. Themain gainisin
implementing the 4-level modulation, giving 2 times larger data rate. Implementing more than the 4-level and the
16-level options provides hardly any higher interference limited capacity, but would of course increase the peak rate at
short distances from the RFPs.

If some new multimedia services were standardized where voice and data to the same subscriber is mapped on a
common dot, e.g. adouble dot, than also the voice traffic would gain from the increased available bit rates.

Conclusion:

When introducing the higher level modulation options, we could use the results from the simulations made with
standard 2-level modulation and make the following amendments:

- The offered voice traffic is not expected to be increased by introducing higher level modulation options, unless
voice and data to a user is mapped on a common slot.

- The offered data traffic could be doubled by introducing higher level modulations, e.g. the 4-level option.

A.2  Simulations of public street public pedestrian
systems

In this clause the assumptions and results of simulation studies of the capacity of public pedestrian systemsin a
suburban environment are described. First the simulation scenario for the public system is described. Thereafter the
simulation results are presented.

ETSI



46 ETSI TR 101 310 V1.2.1 (2004-04)

A.2.1 Simulation scenario

A total number of 61 RFPs are placed in a hexagonal grid. The outer RFPs together form a new hexagon. The distance
between RFPs is 300 m, whereby the area per cell becomes about 0,08 km2. In total an area of 4,75 km? is covered. See
figure A.4. In this area Poisson traffic is generated. Calls have a negative exponentially distributed holding time, with a
mean duration of 120 seconds.

Figure A.4: Reference public pedestrian environment

The radio propagation model assumed is a mixture of 75 % LOS and 25 % Near Line Of Sight (NLOS). Which of the
two modelsisto be used for calculating the propagation conditions is determined randomly at the start of the call. There
is no preference for LOS or NLOS at an individual PP or RFP. The propagation loss model is:

75% LOS:
I(d)= 38 + 20log(d) d<10m
I(d)= 30 + 28log(d) d>10m
25% NLOS:
I(d)= 38 + 20log(d) d<10m
I(d)= 22 + 36log(d) d>10m

Additionally to the loss, shadowing is assumed to have alog-normal distribution with a standard deviation of 8 dB.

The assumption is made that afade margin of 10 dB is required to combat multi path fading. Thisis based on the
assumption of Rayleigh fading, in combination with diversity. The required C/l is assumed to be 11 dB or 13 dB. The
latter to investigate the sensitivity of the results to this parameter.

Transmit power is 24 dBm, receiver sensitivity -86 dBm (GAP requirement). The antenna gain is 2 dBi at RFPs and
0 dBi at PPs. Thisgivesabasic link budget of 24 + 2 + 86 = 112 dB, excluding fading and shadowing margins.

The number of allocated carriersis varied between 1 and 10, assuming a variable spectrum allocation. Adjacent channel
interference, set-up and handover procedures and DCS are modelled in accordance with the DECT specification. Blind
dot information is available at the PP.

The capacity of the DECT system in the above described scenario is studied using the GoS, being defined as follows:

GOS = Number of blocked calls +10 x Number ofdropped calls
Total number of calls

The desired GoS should be lessthan 1 %.
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A.2.2 Simulation results
Capacity and carrier availability

The traffic capacity per RFP as afunction of the available total number of carriersis shown in figure A.5. The case C/I
of 11 dB isassumed to be typical for DECT.

When the DECT public pedestrian system, as described in the scenario, can use al 10 carriers, the capacity at 1 % GoS
is7,9 E, corresponding to 100 E/kmZ2. This capacity is higher than what is to be expected based on the Erlang B
formula, which gives 5,9 E. Thisis due to the DCS, which enables a PP to set-up to an other RFP when the strongest
RFP has no resources available.

The traffic capacity per RFP is more or less proportional to the number of totally available carriers. The figure aso
shows that 2 to 3 carriers are required to have a reasonable capacity for public pedestrian street application defined in
this suburban scenario and in clause 6.3 (about 1 E per RFP).

NOTE: A city centre public pedestrian street application with consistent below roof top base station installations,
will dueto larger isolation between base stations, require less spectrum than indicated in figure A.5.
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S R R SRR RRERRE SRREEE s b ERRREE f
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Number of available carriers

Figure A.5: Capacity at 1 % GoS versus the number of available
carriers of the public pedestrian system

In figure A.5 the capacity per RFP at 1 % GoS is shown. The capacity is aso shown for a C/l of 13 dB. This makesit
possible to estimate the sensitivity of the capacity to the required C/I. When the system is purely C/I limited, asisthe
case for 4 carriers, we find a decrease in capacity of 8 % to 10 % per dB increase in C/l. When more carriers are
available, the trunk size islimiting the capacity, and a reduced effect is noticed. For eight to ten carriers a decrease in
capacity of 5% to 7 % per dB increasein C/I isfound.

A.3  Simulations of above rooftop RLL systems

In this clause the assumptions and results of simulation studies of the capacity of above rooftop RLL systemsin a
suburban environment are described. First the simulation scenarios for the RLL system are described. Thereafter the
simulation results are presented. Note that in an update of the present document, simulation results using improved
propagation models and scenarios are found in clauses A.3.3to A.3.5. A summary is found in clause 3.6.

A.3.1 Simulation scenarios

A.3.1.1 Basic scenario

For the above rooftop scenariosit is supposed that a mgjor part of the CTAsarein LOS. In LOS conditions DECT can
provide reliable long range links (up to 5 km or more). To provide economic installation, the RFP stations of six cells
areinstalled in at common site called DECT Access Site, DAS, Thisis possible by using directional antennas for the
RFP of each cell, so that each cell gets a sector shape with the RFP placed in the corner of the sector angle. The same
principle for creating sectorized cellsis frequently used in mobile telephony systems.
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Seven synchronized DASS, are placed above rooftop in an hexagonal pattern. The sides of the cellsare 1 km,
corresponding to a separation distance of 1,732 km between the DA Ss. See figure A.6. The coverage area becomes

2,6 km? per DAS. Poisson time distributed traffic is generated within the coverage area of the DASs. The statistics are
taken only from the inner DAS.

1 km

S

WX 2eL'T

Figure A.6: Basic above rooftop RLL scenario

One DAS consists of six RFPs, each equipped with a directional antenna, and pointing in a direction 60° different from
the next RFP. The DAS antenna has an opening angle of 85°. The bore sides of the antennas are directed to the corners
of the DAS cell. Redundancy is provided by having an opening angle as large as 85°. Each CTA can see two RFPs,

which provides redundancy. Thisimplies that these 6 overlapping sectors are equivalent to about 3 non-overlapping
sectors. Figure A.7 shows the antenna diagram. The antenna provides 12 dBi gain.

Figure A.7: Antenna diagram with 85° to 90° opening angle and 12 dBi gain

The CTAs are aso equipped with adirectional antenna. The CTA antenna has an opening angle of 90° and 12 dBi gain.
Thisantennais directed to the nearest DAS.
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The radio propagation model assumed is a mixture of 75 % LOS and 25 % NLOS. Which of the two modelsisto be
used for calculating the propagation conditions is random. It is determined when placing the CTA. The propagation loss
model is:

75% LOS:
I(d)= 38 + 20log(d) d<10m
I(d)= 30 + 28log(d) d>10m
25% NLOS:
I(d)= 38 + 20log(d) d<10m
I(d)= 22 + 36log(d) d>10m

Additionally to the loss, shadowing is assumed to have alog-normal distribution with a standard deviation of 8 dB. Due
to the shadowing model used, in combination with other defined conditions, alow number of callswill originatein
CTAsout of range. These calls are taken out from the statistics, since no real CTA will be installed in such away that it
isout of range.

For multi path fading Rayleigh fading is assumed. For each radio path between a CTA and an RFP separate Rayleigh
fading is calculated. When this path is the actual connection between CTA and DAS, diversity is assumed, resulting in
the selection of the strongest of two Raleigh faded signals.

There isno preference for LOS or NLOS at an individual DAS or CTA. All RFPs of aDAS will have the same loss and
shadowing conditions, but different antenna gain and multipath fading, due to the difference in direction.

Therequired C/l isassumed to be 11 dB.

Transmit power is 24 dBm, receiver sensitivity -89 dBm (typical for DECT RLL systems). Thisgivesabasic link
budget of 24+12+12+89 = 137 dB, excluding fading and shadowing margins.

The number of allocated carriers, adjacent channel interference, set-up and handover procedures and DCS are modelled
in accordance with the DECT specification. Blind slot information is available at the CTA.

The capacity of the DECT system in the above described scenario is studied using the GoS, being defined as follows:

GOS = Number of blocked calls +10 x Number ofdropped calls
Total number of calls

The desired GoS should be less than 1 %.

For the basic scenario, atotal of 10 consecutive carriers (20 MHz) are allocated.

A.3.1.2 Additional scenarios
In addition to the basic scenario, as described above, additions have been made to the scenario:
1) The DASsare completely unsynchronized.
2) TheDASand CTA antenna were either directional or omni-directional. In order to avoid range problems, the

distance between DA Ss was reduced to 300 m. The antenna pattern models include side lobes. The cases given
in table A.5 were simulated.

Table A.5: Specification of simulated antennas

CTA antenna DAS antenna
Gain (dBi) Opening angle (°) Gain (dBi) Opening angle (°)
12 90 12 85
12 90 2 360
2 360 2 360
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3) Thetotal number of carriers allocated for the system(s) is varied between 1 and 10; at each location of aDAS
asecond DAS isadded. The second DAS is synchronized to thefirst. Traffic isequally spread of the DASs.

4) A second system of seven DASsis added to the first set of seven DASs. The second DASs have the same
separation distance, and are placed at the intersections of the cells of the first DASs. Seefigure A.8. Any CTA
belongs to either of the two systems with the same probability. The CTA is pointing to the closest DAS of the
own system. (This might be further away than the closest DAS.) All DASs of both systems are synchronized.

wy 2eL'T

Figure A.8: Two system above rooftop RLL scenario

5) Therequired C/l isassumed to be 11 dB or 13 dB.

6) Theside of the node cellsis 100 m or 1 km, and the DAS node separation 173 m or 1,7 km, whereby the
coverage area per DAS becomes 0,026 km? or 2,6 km?.

A.3.2 Simulation results

A.3.2.1 Basic capacity simulation results

The capacity of the basic scenario with one and two systems is given in table A.6. For one system in this scenario the
capacity per RFP is higher than what can be calculated using the Erlang-B formulafor 12 servers (trunks). The
Erlang-B formula shows a GoS of 1 % at 5,9 E, while the simulations show the same GoS at 40,2/ 6 = 6,7 E per RFP.
So to some extent CTAs make use of free channels at adjacent RFPs at the DAS. For the two system case, the
simulations show 28,6 / 6 = 4,7 E per RFP.

For two collocated synchronized systems, the total capacity per node at 1 % GoSis2 x 28,6 E=57,2 E. Thisis more
than the 40,2 E for the single system case. Therefore, it is obvious that the capacity for the single system case is trunk
limited and not C/I limited.

Thetotal capacity per node of the two systemsis the same as the capacity per DAS of one system with two RFPsin
each sector cell (not trunk limited capacity). See the last line of table A.6 and compare with figure A.11.

ETSI



51 ETSI TR 101 310 V1.2.1 (2004-04)

Table A.6: Capacity per DAS for the basic scenario, totally 10 carriers

Capacity (Erlang/DAS/system) at GoS

Scenario 0,1 % 0,5 % 1,0% 2,0 %

Basic, 1 system 29,0 36,2 40,2 44,3

2 synchronized 19,5 245 28,6 32,2

collocated systems
1 system, 2 RFPs per 39,0 49,0 57,2 64,4
DAS sector (note)
NOTE:  For one system with six 60° DAS sectors, 2 RFPs per sector, 25 % LOS and 75 %
NLOS, the capacity per DAS at 1 % GoS is 74 E.

A.3.2.2 Capacity and carrier availability

It isimportant to study how the capacity depends on the total number of available carriers. Thisinformation is very
helpful for estimating the local load on the spectrum and how much is|eft for other systems. The total number of
available carriersisvaried from 1 to 10.

Infigures A.9 to A.11 the capacity per DAS for various numbers of carriers and various GoS is shown for the three
cases of table A.6.
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Figure A.9: Capacity per DAS versus number of available carriers of the above rooftop RLL
system at 0,1 %, 0,5 %, 1,0 % and 2,0 % GoS (1 system with 1 RFP per sector cell)
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Figure A.10: Capacity per DAS/system versus number of available carriers of the above rooftop RLL
system at 0,1 %, 0,5 %, 1,0 % and 2,0 % GoS (2 systems with 1 RFP per sector cell)
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Figure A.11: Capacity per DAS (lower bound) versus number of available carriers of the above
rooftop RLL system at 0,1 %, 0,5 %, 1,0 % and 2,0 % GoS (1 system with 2 RFPs per sector cell)

From figure A.11 we can conclude that the maximum (by different operators) sharable local capacity is about 57 E per
DAS when totally 10 DECT carriers are available. For extended number of carriers beyond 10, alower bound for the
local capacity isb,7 E per carrier. This assumes synchronization and use of directional gain antennas.

With 1,7 DAS separation the sharable traffic capacity becomes about 57 / 2,6 = 22 E/km? when totally 10 DECT
carriers are available, and about 200 E/km? for 0,58 km separation, and about 2 100 E/km? for 173 m separation.
Seetable A.12.

A.3.2.3 Synchronization

Intables A.7 to A.9 the results are shown from simulations with 10 carriers where the seven DASs are not
synchronized.

Table A.7: Capacity per DAS for synchronized and unsynchronized DASs,
1 system with 1 RFP per sector cell (10 carriers)

Scenario Capacity (Erlangs/DAS) at GoS
1 system, 1 RFP/sector 0,1% 0,5% 1,0 % 2,0%
Synchronized 29,0 36,2 40,2 44,3
Unsynchronized 9,4 13,7 15,5 17,3

Table A.8: Capacity per DAS for synchronized and unsynchronized DASs,
2 co-located systems with 1 RFP per sector cell (10 carriers)

Scenario Capacity (Erlangs/DAS/system) at GoS
2 systems, 1 RFP/sector 0,1% 0,5 % 1,0 % 2,0%
Synchronized 19,5 245 28,6 32,2
Unsynchronized 7,9 9,7 10,7 12,1

Table A.9: Capacity per DAS for synchronized and unsynchronized DASS,
1 system with 2 RFPs per sector cell (10 carriers)

Scenario Capacity (Erlangs/DAS) at GoS
1 system, 2 RFPs/sector 0,1 % 0,5 % 1,0% 2,0%
Synchronized 39,0 49,0 57,2 64,4
Unsynchronized 15,8 19,4 21,4 24,2

The capacity per DAS is reduced by more than 60 % for the all cases. This means that the sharable local capacity per
DAS may be reduced from 5,7 E to 2,1 E per alocated carrier.

Synchronization between DASs is required for high capacity applications. This does not mean that the above rooftop
RLL system needs to be synchronized to other DECT systems.
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A.3.2.4 Directional versus omni-directional antennas

Besides synchronization, also the use of directional or omni-directional antennasis crucial for the spectrum efficiency
of above rooftop RLL systems. Directional antennas will have a higher gain, so alarger rangeis realized. Directional
antennas will also radiate into and receive from the wanted direction. Interference to and from other DECT usersis
reduced. In the scenario to investigate the capacity effects three options are taken into account, as shown in the
description of the scenario in clause A.3.1.

Table A.10: Capacity per DAS for directional and omni-directional antenna patterns at DAS and CTA,
1 system (1 RFP per sector cell) with synchronized DASs and totally 10 carriers

Scenario Capacity (Erlangs/DAS) at GoS
DAS CTA 0,1 % 0,5 % 1,0 % 2,0 %
dir dir 26,2 35,6 40,7 449
dir omni 21,8 27,8 31,2 35,5
omni omni 18,1 21,4 23,2 25,9

In table A.10 the results for the different scenarios is summarized. The figures show that antennas at the CTA and the
DAS both have alarge, and more or less equal, impact on the capacity of the system. The reduction in capacity in the
last line of table A.10, by not using directional antennas, is about 40 % (somewhat less than for not synchronizing the
DASs). Use of directional antennasis very beneficial for high capacity applications since a significant increasein
capacity isrealized, and interference to other systemsis reduced. The case with two RFPs in each sector provides
redundancy in each sector. For this case the opening angles of the DAS antennas may be reduced, allowing higher
antenna gain and even more efficient use of the spectrum.

A.3.2.5 Sensitivity to C/l performance

The basic scenario has been simulated also with a2 dB change in required C/I. For C/I limited cases the capacity
reduction istypically about 6 % per 1 dB increase of C/I.

A.3.2.6 Effect of cell size on the capacity

To investigate the influence of the distance between DASs on the capacity per DAS, the radius of the cells was reduced
to 100 m, corresponding to a distance between DASs of 173 m. The effect of thisreduction, as shown in tables A.11
and A.12, isa somewhat reduced capacity, though the effect is limited (+2 %). Thisresult is depending on the
propagation model used. So far no alternative propagation model has been used in these simulations.

Table A.11: Capacity per DAS for 173 m and 1,7 km node separation, 1 system
(1 RFP per sector cell) with synchronized DASs and totally 10 carriers

Capacity (Erlangs/DAS) at GoS
Scenario 0,1 % 0,5 % 1,0% 2,0 %
1,7 km separation 29,0 36,2 40,2 443
0,17 m separation 27,3 35,5 39,6 43,9

Table A.12: Capacity per DAS for 173 m and 1,7 km node separation, 1 system
(2 RFPs per sector cell) with synchronized DASs and totally 10 carriers

Capacity (Erlangs/DAS) at GoS
Scenario 0,1 % 0,5 % 1,0% 2,0 %
1,7 km separation 39,0 49,0 57,2 64,4
0,17 m separation 38,0 46,8 55,6 63,8

A.3.2.7 Multi-operator scenarios
When two or three operators are active in the same area with an above rooftop RLL system, several scenarios are

possible regarding the locations of the DASs. The two extreme scenarios are co-located DASs or DA Sslocated at the
corners of the cells of the other above rooftop RLL systems.
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Regarding the use of the spectrum also two alternatives exist. The spectrum can be shared or divided between the two
operators. In case of division, the locations of the DASs do not matter, so three scenarios remain:
- shared spectrum, DASs co-located;
- shared spectrum, DA Ss located at corners of other system (the most unfavourable position);
- spectrum divided between systems.

The results of these simulationsis shown in table A.13.

Table A.13: Capacity per DAS for second operator scenarios,
1 RFP per DAS (all DASs are synchronized)

Capacity (Erlangs/DAS/system) at GoS
Scenario 0,1 % 0,5 % 1,0 % 2,0 %
co-located, 2 systems 19,5 245 28,6 32,2
other location, 2 systems 16,0 20,0 22,4 25,3
divided spectrum, 2 syst. 12,4 16,4 18,6 21,3

Thefiguresin table A.13 show a preference for co-locating the DASs. In practice this does not necessarily mean a pure
co-location. The same effect will be noticed when the DA Ss are placed near each other. For "other location™ (worst
case), the capacity reduction is only about 20 %.

The figures a'so show avery large preference for sharing the spectrum instead of dividing the spectrum. This of course
requires synchronization between the operators. The more operators the larger the gain of sharing instead of dividing,
seetable A.14.

Table A.14: Capacity per DAS for three-operator scenarios,
1 RFP per DAS (all DASs are synchronized)

Capacity (Erlangs/DAS/system) at GoS
Scenario 0,1 % 0,5 % 1,0 % 2,0 %
co-located, 3 systems 13 16 19 21
divided spectrum, 3 syst. 8 10 12 13,5

Tables A.13 and A.14 show that the spectrum efficiency can be increased by up to 60 % by not dividing the spectrum
between operators. Thisisfor the case where all systems have equal local load on the spectrum. In redlity, for RLL, we
can expect that there will be many local areas where one of the operators will be dominating. In such areas the capacity
can be up to 57,2 E per DAS, which correspondsto 57,2/ 18,6 = 3,1 times (2 operators) and 57,2 / 12 = 4,8 times

(3 operators) better spectrum efficiency compared to splitting the frequency band between operators.

Therefore, for the 3 operator case, by providing synchronized systems, sharing spectrum will compared to equal
division of the spectrum, provide up to between 1,6 and 4,8 times more efficient use of the spectrum.

A.3.3 Improved realistic RLL propagation model

With more realistic propagation models for fixed WLL, the capacity per DAS node could double compared to results
presented in the above simulations using the scenarios defined in clause A.3.1.

The main issue is that the propagation model in clause A.3.1 uses a+8 dB shadowing component on all wanted LOS
and NLOS signals and also on all interfering signals without any correlation between wanted and interfering signal.
Thisis normally made for mobile systems, but gives far too pessimistic conditions for an RLL system. See description
intable A.15.
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Table A.15

A.3.1and A.3.2
simulations

Mobile subscribers

Fixed subscribers with LOS or almost LOS
installation optimized for best possible wanted
signal.

No correlation for
use of either of the
defined LOS and
NLOS models for
wanted and interfering
signals for the same
CTA.

Low or medium
correlation for use of
either of the defined
LOS and NLOS
models for wanted and
interfering signals for
the same CTA.

High correlation for use of either of the defined LOS
and NLOS models for wanted and interfering signals for
the same CTA.

If the wanted signal is LOS, the CTA is either above
roof-top or up on a wall (still in LOS), and it is likely that
the interferers to the CTA also are LOS, but a
substantial part will be NLOS (see note).

The interferers to the DAN are also LOS, but a
substantial part will be NLOS (see note).

If the wanted signal is NLOS (below roof-top) it is very
likely that the interferers to the CTA also are NLOS.
The interferers to the DAN will be LOS from some of
the LOS installed CTAs (see note), but a substantial
part will be NLOS.

No correlation for the
level of shadowing
used for wanted and
interfering signals for
the same CTA.

Low correlation for
the level of shadowing
used for wanted and
interfering signals for
the same CTA.

Not a high correlation for the level of shadowing used
for wanted and interfering signals for the same CTA,
but the distribution is not generally log-normal. For the
LOS case t here is almost no shadowing for the wanted
signal but could be added attenuation for the interferes,
and due to the way installation is made, there is for the
NLOS case often shadowing attenuation both for the
wanted and interfering signals.

NOTE:

LOS installed CTAs on walls will not be interfered from the 180° backwards sector, and will

produce no interference in the 180° backwards sector.

Table A.16: Void

ETSI TR 101 310 V1.2.1 (2004-04)

Due to the above considerations, we may conclude that when simulating C/I limited capacity, that it is more correct to
have no shadow component, than to use uncorrelated shadow components.

A.3.3.1 New simulations

By removing the shadowing components from the clause A.3.1 model we got the following results. For comparison,
two other propagation/deployment models have been included.

A.3.3.2.1
GOS is defined as the blocking probability plus 10 times dropping probability.

Common parameters/definitions
There are 7 DASsin aclustes. Each DAS has 24 RFPs, 2 per sector.

The capacity isindicated per DAS. Each DAS has 12 sectors with 30° horizontal opening angle antennas.

The CTAs have 80° horizontal opening angle antennas. CTASs are not evenly distributed per sector.
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A.3.3.2.2 Results

A.3.3.2.2.1 Customary model (close to model from clause A.3.1)
RLL modified Walfish Ikegami with 3dB shadowing for LOS and 8dB for NLOS. 25 % LOS.
GOS 1 %: 70 Erlang. This correspondsto 2.9 E/RFP.

Blocking 1 %: 85 Erlang (thus significant influence from dropping).

A.3.3.2.2.2 The model from clause A.3.1
The A.3.1 model shadowing 8dB, but with 25 % LOS links and 75 % NLOS links.
GOS 1 %: around 65 Erlang. This corresponds to 2.7 E/RFP.

Blocking 1 %: 81 Erlang (thus significant influence from dropping).

A.3.3.2.2.3 No shadowing path loss 100 % LOS
GOS 1 %: 198 Erlang. This correspondsto 8.3 E/RFP (close to trunk limitation).
Blocking 1 %: 202 Erlang.

An additional simulation, but with 6 sectors (85° horizontal opening angle) instead of 12 sectors, and where GOS was
calculated only for the down-link, the following results were obtained for 1 % GOS:

1 RFP/sector: 55 Erlang, 2 RFPs/sector: 110 Erlang, 4 RFPs/sector (totally 24 RFPs): 198 Erlang.

Aninteresting observation is that with atotal of 24 RFPs, the down-link capacity with only 6 sectorsis aslarge asthe
capacity for 12 sectors (198 E) where a so the up-link limitation is included. This indicates that the up-link islimiting
the capacity. See the impact of up-link power control in clause A.3.4.

A.3.3.2.2.4 No shadowing, 75 % LOS and 25 % NLOS.
If CTA isNLOS, aso interferesto CTA are NLOS.

For RFPsand LOS CTAS, 75 % of the interferersare LOS and 25 % NLOS.
GOS 1 %: 170 Erlang. This correspondsto 7.1 E/RFP.

Blocking 1 %: 185 E.

A.3.3.2.2.5 Conclusion
As seen, the results depend alot on the selection of propagation model.

The last case A.3.3.2.2.4 can be compared with the result of figure A.11 which also has 75 % LOS and 2 RFPs per
sector, but only 6 sectors. Figure A.11 indicates 57 E at 1 % GOS. Suppose that going from 6 to 12 sectors increases
capacity by about 50 %, corresponding to 57 x 1,5 = 85,5 E for the model in clause A.3.1.

Thus we could say that a more realistic model (no shadowing) than in clause A.3.1 could give about 2 to 22 times
higher capacity (from 85 E to 170 E to 200 E).

Furthermore, simulations show that decreasing the CTA antenna opening angle from 80° to 25°, increases capacity by
about 60 %. This gain can be utilized by increasing the number of RFPs in each sector, or is useful when two operators
are having one system each in the same geographical area.
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A.3.4 Impact of up-link power control
PP up-link power control has been standardized for DECT. See clause A.1.3.

Simulation shows that CTA up-link power control increases capacity from about 80 E to 190 E for 12 sectors with
2 RFPs per sector and with amodel similar to the model of clause A.3.3.2.2.1. This correspondsto 7,9 E/RFP (close to
trunk limitation).

With 3 RFPs per sector the capacity increased to about 300 E. This corresponds to 8,3 E/RFP (close to trunk limitation).

Note that this 300 E traffic was obtained with a shadowing component in the propagation model, and with capacity per
RFP close to trunk limitation. Thus with 4 RFPs per sector we could expect > 300 E traffic, but the DECT standard does
not permit more than 3 single radio RFPs per sector (unless more than 10 RF carriers are available).

A.3.5 Impact of higher layer modulation options

The latest version of the DECT base standard includes backwards compatible 4-level, 8-level, 16-level and 64-level
modulation options. This will increase the bit rate of single radio DECT equipment by afactor 2, 3, 4 or 6 with retained
transmitter bandwidth, carrier spacing and slot structure. See clause A.1.4.

Asymmetric data services with user data rates exceeding 4 Mbps are provided by asingle DECT radio.

When introducing the higher level modulation options, we could use the results from the simulations made with
standard 2-level modulation and make the following amendments:

- The offered voice traffic is not expected to be increased by introducing higher level modulation options, unless
voice and data to a user is mapped on a common slot.

- The offered data traffic could be doubled by introducing higher level modulations, e.g. the 4-level option.

A.3.6 Conclusions

Various rooftop RLL system scenarios have been simulated and discussed. The major conclusions of the simulations
are:

- Maximum sharable local capacity with 10 carriersis estimated to be at |east 300 E for 12 sector DAN clusters
and about 160 E to 200 E for 6 sector DAN clusters. Thisis achievable with use of arather smple (ow and
not very accurate) up-link closed loop power control.

- For two or more systems in the same geographical area, the total capacity/site of all operators becomes close to
the above maximum sharable local capacity, if the operators have similar cell sizes.

- Each E corresponds to one speech connection or a data connection with about 32 kbps with 2-level modulation
and about 64 kbps with higher level modulation (at least 4-level modulation). 300 E correspondsto 19 Mbps
data throughput per DAN with 4-level modulation!

- Having 1 RFP per sector provides a trunk limited average capacity of about 5 E/RFP to 7 E/RFP, and having 2
or 3 RFPs per sector provides roughly about 8 E/RFP to 9 E/RFP of average capacity.

- It isobviousthat an isolated DAS site, will support the trunk limited traffic capacity.

- Synchronization between DA Ss and between above rooftop RLL systems has a very large positive impact on
the system capacity.

- Use of directional gain antenna versus omni-directional antennas at the DA S has a large positive impact on the
system capacity.

- When several operators are active in one geographical area, sharing the spectrum will lead to a higher capacity
than dividing the spectrum between the operators. Up to 1,6 to 4,8 times increased spectrum efficiency.
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- The required C/I has alimited impact on the capacity of the above rooftop RLL system (if trunk limited).

- The distance between the DA Ss of the above rooftop RLL system have alimited effect on the traffic capacity
per DAS, aslong as the different systemsin alocal area have similar cell sizes.

A.4  Simulations of below rooftop RLL systems and other
RLL systems

Below roof top RLL applications will not have critical impact on spectrum requirements, because the radiation will be
limited by surrounding buildings and the local load from such a base station will also be limited. EN 300 175-3 [3]
recommends to limit the maximum load from an antenna of a sectorized cell to 36 E, which limits the average local load
on the spectrum to 24 E. Furthermore 24 E corresponds to 373 households, and a below roof top installation can hardly
reach 373 households. An office with 24 / 0,15 = 160 employees could however occasionally be served this way.

Simulations have also been made for a scenario with onmidirectional base station antennas positioned just at roof top
level of housesin aresidential villaarea. The CTAsare non LOS and ranges are limited to about 200m. Simulations are
made for up to 10 transceivers per site antenna. The capacity of asingle cell istrunk limited up to 6 transceivers

(72 trunks) and does not increase capacity by adding transceivers. The maximum capacity is 48 E. The reason is that for
this specific case only every second carrier can be used due to the interference in the first adjacent channel. As
mentioned above, EN 300 175-3 [3] does not suppose more than 3 transceivers (average 24 E) to be connected to an
omnidirectional antenna. Therefore the simulations have no practical importance. If more than 24 E are required from
an access node, sectorized directional antennas should be used.

A.5  Coexistence between above rooftop RLL systems
and a public pedestrian street system

The largest potential interference between RLL systems and other DECT applications is between above rooftop RLL
systems and a public pedestrian street system, since the public pedestrian system has outdoor base stations. Such an
interference scenario has been simulated.

A.5.1 Simulation scenario

The RLL scenario isthe basic 7 DASs RLL above rooftop scenario defined in clause A.3.1, which will cover an area
with about 4,8 km diameter. The only difference is that the antenna gain is 8 dBi instead of 12 dBi for the DASs and

6 dBi instead of 12 dBi for the CTAs. The public pedestrian scenario isa 61 cell system with 300 m RFP separation as
defined in clause A.2.1, with the exception that the public pedestrian RFPs are below rooftop and only 25 % of the PPs
arein LOS, instead of 75 %. The public pedestrian system will cover an area with about 2,5 km diameter. The
RLL-public pedestrian propagation is assumed to always be NLOS. The blocking probabilities are cal culated for the
connections within the area of the inner centre DAS node, with 33 public pedestrian cells. Seefigure A.12. The RLL
and public pedestrian systems are synchronized.

The models for LOS and NLOS are as defined in subclauses A.2.1 and A.3.1.

40 E inthe RLL DAS correspondsto 40/ 2,6 = 15,4 E/kmZ2. 1 E per public pedestrian cell corresponds to
33/2,6 =12,7 E/km2, and 3 E per public pedestrian cell corresponds to 38 E/km?.

A.5.2 Simulation results

The simulations gave the following results.

A.5.2.1 Interference from the RLL system to the public pedestrian system
The RLL traffic, up to 44 E per DAS node, did not affect the public pedestrian traffic at 3 E per public pedestrian RFP.

Since street PCM base stations typically have 1 E average traffic per cell, we conclude that for this scenario, the
interference to the public pedestrian systemis not critical.
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A.5.2.2 Interference from the public pedestrian system to the RLL system

1 E average traffic per public pedestrian cell does not affect the RLL system having up to 44 E average traffic per DAS.
3 E average traffic per public pedestrian cell does not affect the RLL system when having 18 E average traffic per DAS.
3 E average traffic per public pedestrian cell however reducesthe RLL traffic (0,5 % GoS) from about 40 E per DAS to
about 30 E per DAS. Therefore, the additional |oad on the spectrum for the RLL system is about the same as when
adding a second RLL system. Two RLL systems can support 28,6 E each per DAS. Compare with table A.6. 28,6 E per
DAS corresponds to 11 E/km? and 3 E per public pedestrian cell corresponds to 38 E/kmZ.

RLL system

TN 4/ coverage

2,5 km 1,7 km

...... \Public pedestrian system

coverage

< >

4,8 km

Figure A.12: Deployment of above rooftop RLL DAS nodes and street
below rooftop street public pedestrian cells

A.5.2.3 Conclusions

Thelarge difference in cell radii isthe major reason why the RLL traffic is more affected than the public pedestrian
system. Typical public pedestrian street systems with 1E per cell, do not affect the RLL traffic. 3 E per public
pedestrian cell gives reduction of the RLL traffic.

The above conclusions relate to intra-system and inter-system synchronization. Suppose the public pedestrian systemis
not synchronized to the RLL system. Since the RLL system will not differentiate between interference from RFPs and
PPs, up-link/down-link mix will not contribute, as between RLL systems (DASs). Therefore without inter-system
synchronization, the interference from a 1 E per cell public pedestrian system, would at most to be asfrom a2 E per cell
inter-system synchronized public pedestrian system. For 2 E per cell the interference to the RLL system isjust
noticeable. The need for inter-synchronization is discussible. RLL systems with smaller separation distances between
the DASs will of course be less affected.

A5.2.3.1 Spectrum load for a system consisting of DASs and WRSs (CRFPs)

The results from the above simulated scenario can also be used to estimate the spectrum load of an RLL system with
local mobility using WRSs type CRFP instead of CTAS, where the CRFPs provide local links to PPs. This system
concept can also be described as a public pedestrian system using CRFPs instead of wired RFPs, where the DAS
infrastructure provides the above rooftop connection to the CRFPs. The antennas for the local CRFP link is supposed to
be below rooftop as for the original RFPs. The CRFP antennas for the longer DAS link is supposed to be similar in
position and have antenna gain as for the original CTAS (75 % arein LOS). Seefigure A.13.
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CRFP

PN PN
de

Figure A.13: RLL system with local mobility

Suppose that the CRFPs are in the same positions as the RFPs, then there are 33 CRFPs within the area of one DAS.
With 1 E average local link traffic per CRFP, the traffic per DAS will be 33 E, since the DAS above rooftop link will be
loaded with 1 E per Erlang of local link load. Therefore, this scenario is almost identical to the already simulated
scenario. The only difference is that there are couplings between the above rooftop (RLL) links and the local (public
pedestrian) links. But since the simulations show that the blocking probability of the DAS link will dominate and that
the low traffic (1 E) local links will not affect that probability, we can use the blocking probabilities for the above
rooftop RLL simulations of clause A.3 to estimate the GoS and |oad on the spectrum for the concept of figure A.13.
Thisisavery interesting result, and will as afirst approximation be independent of the cell sizes and traffic densities,
since the total traffic per km? in the DAS links and in the local links always are equal, in this case 12,7 E/km?.

A.6  The impact of WRSs on infrastructure cost and
spectrum utilization

The DECT WRS s an important component for providing economic DECT infrastructures. WRS is an additional
building block for the DECT fixed network. A WRS has the function of an RFP that need no wired connection to
the FT.

The WRSisaphysical grouping that contains both FT and PT elements, and that transfers information between an RFP
and aPP. The FT element acts towards a PP exactly as an ordinary RFP. The PT element acts like a PP towards the
RFP, and is locked to the closest RFP. The WRS contains interworking between its FT and its PT, including transparent
transfer of the higher layer DECT services. WRS links may be cascaded.

A WRS has to comply with the general FT identities requirements for RFPs. Installing or adding aWRS to aDECT
infrastructure is not possible outside the control of the system operator and/or system installer and/or system owner,
who provides the required system identities, access rights and authentication/encryption keys.

Figure A.14 gives a graphic explanation of the WRS functionality. For more information, see the ETSI technical report
on WRS, ETR 246 [14] and EN 300 700 [15].
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One Access Channel per Active CRFP Access Channel

PP is only software)// Ij
* PP

H=\/
PP RFP
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Wired connection
to Network or
Radio Controller

Handover

‘WIRED’ Base Station ‘WIRELESS’ Base Station (WRS)
MAX 6E at 1% GOS MAX 2E at 1% GOS (CRFP)

Figure A.14: Principle for WRS

No access channel is required between the RFP and the WRS when there is no local uplink traffic to the WRS. The
number of access channels required and the GoS figure for WRS in the figure relates to the CRFP type. For the REP
type, 2 RFP link access channels are required for the first PP link access channel. For the following PP link access
channels, 1 or 2 additional RFP link access channels are required per additional PP link channel. The trunk limited
capacity ismaximum 1 E for the REP WRSis at 1 % GoS. A PP does not see any difference between aWRS and an
ordinary wired RFP. Handover is provided between WRSs and between WRS and RFPs, as between ordinary wired
RFPs.

The impact on the local spectrum utilization of a call relayed viaa WRS depends on the scenario. Below are some
typical scenarios that exemplify this.
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A.6.1 Examples of scenarios with WRS type CRFP (this type is
implemented in products)

Table A.17

Scenario

Relative local

Total local load

Total additional

Impact of WRS

Cost savings

mobility/public
pedestrian (remote
link above rooftop,
local outdoor link

below roof top)

(for the critical
remote link)
compared to no
mobility

for the remote
link

Some small load
on the remote
links from the

(< 1E) WRS local

link

load on the on the spectrum | local load on calls on other economic
spectrum for a the spectrum systems benefit
WRS call
Residential (typical 2x Low Low Low Important
1 E per RFP)
Office (up to 6 E per 2X Medium to High | Low (limited line Low (natural Important for
RFP) of sight, WRS not | isolation to other | small systems,
economic for systems) and generally for
high capacity) remote area
coverage.
Public street 2X Low Low Low Essential, one
Pedestrian (typical RFP can relate to
1 E per RFP) 4 CRFPs
Public "hot spot" 2X Medium to High Low (WRS not Low Important for
Pedestrian (indoor, economic for remote low traffic
up to 6 E per RFP) high capacity) spot coverage
Public pedestrian Same or less on Typically low Typically low Typically low Essential
(below rooftop) the outdoor link,
outdoor to indoor | since less power
WRS coverage and is needed
wireless centrex penetrate wall
RLL with residential Same High to Critical 0 0 Essential
(or small office) (the alternative is | for the outdoor Provides lower
mobility (remote link [to add a separate link delay and less
above rooftop, local |indoor residential guantization
WRS link indoor) system) distortion (QDUS)
than a separate
DECT indoor
system
RLL with local About the same High to Critical Low Low Provides

essential synergy
between local
mobility RLL and
public pedestrian
services

From the examples of table A.17 we can conclude that implementations of CRFPs typically has no critical impact on
the local load of the spectrum.
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A.6.2 Examples of scenarios with WRS type REP (not in use)

Table A.18
Scenario Relative local | Total local load | Total additional | Impact of WRS Cost savings
load increase |on the spectrum | local load on calls on other Economic
on the spectrum the spectrum systems benefit
for a WRS call
Residential (typical 3x Low Low Low Important
1 E per RFP)
Office (up to 6 E per 3X Medium to High | Low (limited line Low (natural Important for
RFP) of sight, WRS not | isolation to other | small systems,
economic for systems) and generally for
high capacity) remote area
coverage.
Public street public 3x Low Low Low Important, one
pedestrian (typical RFP can relate to
1 E per RFP) 2 REPs
Public "hot spot" 3X Medium to High Low (WRS not Low Useful for remote
Pedestrian (indoor, economic for low traffic spot
up to 6 E per RFP) high capacity) coverage
Public pedestrian 2x or less on the Typically low Typically low Typically low Essential
(below rooftop) outdoor link
outdoor to indoor
WRS coverage and
wireless centrex
RLL with residential 2x High to Critical High to Critical High to Critical Important, but
(or small office) (the alternative is | for the outdoor for the outdoor for the outdoor | only possible for
mobility (remote link [to add a separate link link link low density REP
above rooftop, local residential applications
WRS link indoor) system)
RLL with local 2x (for the critical | High to Critical High to Critical High to Critical Important, but
mobility / public remote link) for the remote for the remote for the remote  |only possible low
pedestrian (remote | compared to no link link link density REP
link above rooftop, mobility applications.
local outdoor link Synergy between
below roof top) RLL and public
pedestrian

From the examples of table A.18 we can conclude that " not-above-rooftop” implementations of REPs typically has no
critical impact on the local load of the spectrum. Implementations of REPs with above rooftop links have critical impact
on the local load of the spectrum, except for low density installations of REPs.

NOTE: If interlacing is mandated for REP, the spectrum load per simultaneous REP connection, will except for
the first connection, be the same as for CRFP. However, for the two critical RLL scenarios above, the
average traffic per WRSis about 1E or less. In these cases the spectrum load from the first REP
connection is the relevant figure.
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Annex B:
Coexistence with other technologies

B.1  Coexistence on a common spectrum allocation with
evolutions and derivatives (PWT) of DECT

Analysis and simulations show that the good coexistence performance of the DECT DCS procedures, as afirst
approximation, is independent of exact carrier positions and carrier bandwidths, aslong as the frame structure is the
same. Suppose for instance, that one of two neighbour systems have their carrier positions shifted by half athe carrier
separation spacing. This means that the inter-system carrier interference power on the same time slot will be reduced by
afactor of 2 in each carrier, but two carriers will be interfered.

System 1

System 2 | |

Figure B.1: Coexistence of two systems with different carrier positions

Figure B.1 illustrates this. Each box indicates the transmission bandwidth with a carrier position in the middle of the
box The arrows indicate interference. It is obvious that this gives on one hand shorter average reuse distancesto asingle
interferer, but since the same slot on two carriers are interfered, the average interference load is about the same as if
both systems had the same carrier positions.

The conclusion of thisanalysisis supported by simulations of a single system high density application where additional
DECT carriers positions were defined on a grid of 1/3 of the standardized carrier positions. This resulted in frequent
irregular interference patterns in the frequency domain of the same kind as shown in the figure above. This did not
decrease the capacity, on the contrary, in this specific case the traffic capacity increased by up to 20 %, obviously due to
the increased flexibility.

The conclusion isthat standard DECT systems will coexist very well on a common allocation with any possible DECT
evolutions with higher or lower carrier bandwidth (higher or lower bit rate) and other carrier positions. DECT and the
North American DECT derivative Personal Wireless Telecommunications interoperability standard, PWT [19] and
PWT/E [20], aso coexist very well on acommon spectrum allocation. PWT and PWT/E usesthe DECT frame
structure, MAC, DLC etc, but has a different modulation and different bandwidth and carrier spacing to meet local
regulatory requirements. PWT operatesin the US Isochronous Unlicensed PCS band 1 920 MHz to 1 930 MHz. PWT-E
isan extension into the licensed PCS bands 1 850 MHz to 1 910 MHz and 1 930 MHz to 1 990 MHz. PWT may aso be
allowed in some Latin American countries.

B.2 Coexistence DECT and GSM 1800

In Europe and many other countries around the world, GSM down-link (base station TX band) has spectrum allocation
1805 MHz to 1 880 MHz and DECT has 1 880 MHz to 1 900 MHz.

The coexistence properties between DECT and GSM 1800 have been analysed in the CEPT ERC Report 100
"Compatibility between certain radiocommunications systems operating in adjacent bands; Evaluation of DECT/GSM
1800 compatibility", February 2000 [29].

The report analyses all possible combinations between DECT indoor systems (residential and enterprise applications),
DECT outdoor below root-top pedestrian systems, DECT above roof- top WLL systems, GSM indoor systems and
GSM above roof-top macro cell deployments (with outdoor and indoor subscribers).
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Important scenarios for the recommendations are @) potential interference to GSM when a GSM 1800 mobile station
(MS) operates in the same indoor environment as a DECT indoor system, and b) potential interference to DECT when
above roof-top DECT WLL systems and GSM macro cell systems operate in the same local outdoor environment.

The conclusions for the above two scenarios are given below. Case a) is of general interest, since the main DECT
market isfor residential and enterprise applications. Case b) isrelevant is some countries:

a) Potential interference to GSM mobile stations (M S)
DECT has very low probability to cause harmful interference to GSM 1800 systems.

The potential victims are only the GSM 1800 mobile stations. The probability that DECT will cause harmful
interference to GSM 1800 is very low in particular due to the GSM error correction capability. Moreover, GSM can
escape temporary interference close to the DECT band edge by intra-cell handover to an other carrier more distant from
the DECT edge. Thisisfeasible, since macro cell systems normally have two or more GSM carriers per sector, whereby
the GSM 1800 BCCH control channels should use carriers outside the frequency band 1 878 MHz to 1 880 MHz. This
proposed planning does not reduce the traffic capacity of the GSM system, but will provide escapes for the few
instances when harmful interference could occur to the GSM mobile stations.

b) Potential interference to DECT above roof-top WLL systems

A guard band is not required to protect DECT WLL systems from GSM 1800 interference, but measures are proposed
to facilitate the coexistence when the GSM sub-band 1 878 MHz to 1 880 MHz is used.

The proposed measures include avoiding to use the sub-band 1 878 MHz to 1 880 MHz for above roof-top GSM base
stations, but rather for below roof-top micro cells or indoor cells.

c)  General recommendation to protect DECT

DECT should be able to detect and escape interference from a single GSM bearer, viaitsinstant Dynamic Channel
Selection procedure and intra-cell handover, which impliesthat, DECT should be able to process a successful handover
when the up-link or the down-link isinterfered as seldom as every 6th frame. See[3] clause 11.4. This requirement is
generally useful, but of prime importance for DECT WLL systems.

B.3 Coexistence DECT and UMTS/TDD 3,84 Mcps

NOTE: InEurope UMTS/TDD has spectrum allocation 1 900 MHz to 1 920 MHz and DECT has
1880 MHz to 1 900 MHz.

The coexistence properties between DECT and UMTS/TDD 4,84 Mcps have been analysed in the
CEPT ERC Report 065 "Adjacent band compatibility between UMTS and other servicesin the 2 GHz band",
November 1999 [28].

The report analyses all possible combinations between DECT indoor systems (residential and enterprise applications),
DECT outdoor below root-top pedestrian systems, DECT above roof- top WLL systems, UMTS/TDD indoor systems
and UMTS/TDD above roof-top macro cell deployments (with outdoor and indoor subscribers).

Important scenarios for the recommendations are @) potential interference to UMTS/TDD when aUMTS/TDD mobile
station (M S) operatesin the same indoor environment as a DECT indoor system, and b) potential mutual interference
between above roof-top DECT WLL systems and UMTS/TDD macro cell systems operate in the same local outdoor
environment.

The conclusions for the above two scenarios are given below. Case a) is of general interest, since the main DECT
market is for residential and enterprise applications. Case b) may become relevant is some countries. Note that no
UTRA/TDD systems have yet (2003) been commercially deployed in Europe:

a) Potential interference to UMTS/TDD mobile stations (MS):

No additional guard bands are needed between DECT and UMTS TDD if UMTS TDD is deployed indoors.
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UMTS TDD outdoor base station systems used in the band 1 900 MHz to 1 910 MHz should use interference avoidance
techniques (such as intra-cell handover and instant Dynamic Channel Selection, iDCS, in the time domain) to reduce the
probability of interference to Mobile Stations entering alocation with DECT. Similar considerations arise between
adjacent UMTSTDD carriers operating with indoors and outdoors base stations, within the whole 1 900 MHz to 1
920 MHz band.

The concern raised with the second bullet above, is based on the fact that UMTS/TDD M Ss served from an outdoor
macro base station may operate close to the sensitivity limit, and that each UMTS/TDD operator has only one carrier,
and no second or third carrier to which intra-cell handover escapes are possible, if interference occasionally becomes
too high on the carrier closest to the band edge. Everywhere else around the world, cellular operators have access to
more than one carrier. A Monte Carlo simulation would still show alow probability for interference, but there are local
environments where a more deterministic model is more correct, and has thus been applied in [28].

As seen from the text of the second bullet, mutual MS to MS interference is of main concern for two UMTS/TDD
operators operating on adjacent 5 MHz bands. In reality, larger separation distances are required to M Ssfrom an
adjacent UMTS/TDD operator than from DECT MSs. Thus the problem is not emissions from DECT, but as mentioned
above, the lack of multiple carriers allocated for European UMTS/TDD operators. Introduction of instant Dynamic
Time Slot Selection (including control slots) to the UMTS/TDD standard, would have facilitated the application of
UMTS/TDD outdoor infrastructures.

The conclusion isthat possible future applications of UMTS/TDD in Europe, will be exposed to somewhat higher risk
for interference from DECT, than other cellular technologies like GSM (see the GSM section above) or in other parts of
the world where spectrum for several carriersis provided for each cellular operator.

b) Potential interference mutual interference between DECT above roof-top WLL systems and UMTS/TDD
macro cells:

UMTS TDD macro base station systems should not be applied on the band 1 900 MHz to 1 910 MHz in areas where
DECT WLL systems are installed (Eastern Europe), unless special measures are taken.

This problem is, as mentioned above, caused by the single carrier alocation of the UMTS/TDD system in combination
with the very wide bandwidth of the UMTS/TDD system and lack of a proper guard band between the systems.

The special measures, referred to in the bullet above, is coordinated site engineering including installation of external
filters on most the above roof-top radio equipments.

B.4  Coexistence DECT and American PCS technologies

In many Latin American countries DECT is allocated within 1 910 MHz to 1 930 MHz. (Thisis the same asthe US
Unlicensed PCS band). Mobile PCS technol ogies have their base station transmit band within 1 930 MHz to 1 990 MHz
and the handset transmit band within 1 850 MHz to 1 910 MHz.

In severa Latin American countries DECT FWA (WLL) above roof-top applications are allowed in the band

1910 MHz to 1 930 MHz. As aguide for these decisions, the Inter-American Telecommunication Commission, CITEL,
made an in-depth coexistence study [30] on the mutual coexistence properties between DECT FWA (up to 36 dBm
EIRP) and the different cellular PCS technologies at the band boarders 1 910 MHz and 1 930 MHz.

Two political camps conducted the study, and it is therefore very long and detailed, and there are two views expressed
on amost everything. The study showed however that the potential interference between cellular PCS technologies on
adjacent PCS blocks (A, B, D etc) was higher than from DECT FWA to the adjacent PCS blocks. See[30] Part 1,
clause 2.3.2. Asaresult several Latin American countries introduced DECT FWA.

DECT enterprise and residential systems are also allowed in many Latin American countries, whereby normally both
standard DECT, PHS and equipment meeting the US UPCS isochronous rules are accepted in the whole

1910 MHz to 1 930 MHz band. Note however, that these DECT residential and enter prise applications wer e by
CITEL not at all considered problematic as regards potential interference to adjacent block cellular PCS
systems (See note below). The only concern was if FWA in the UPCS band 1 910 MHz to 1 930 MHz would interfere
with the unlicensed residential and enterprise applications in the same band. The CITEL study did not have time to
finish that part, which was considered less important. See however [30] Part 3, where it is shown that DECT FWA and
indoor UPCS applications (including DECT) coexist well on the same spectrum.
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NOTE: Thereasonswhy DECT enterprise and residential applicationsin the 1 910 MHz to 1 030 MHz are not
considered problematic as regards potential interference to the adjacent PCS services, are very similar to
the reasons why there are very small risks for DECT to interfere with GSM 1800 (clause B.2):

- The main case to be considered is the potential interference to A-block handsets
(1930 MHz to 1 945 MHz Rx band) being in the same indoor location asa DECT system.
Potential for interference requires that both the DECT device and the PCS handset use carriers
closeto the 1 930 MHz block boarder.

- Monte Carlo simulations show that the average interference probability is so small that the capacity
of the PCS system (or cell) is not affected at all.

- For the few cases when interference occurs, the PCS systems have several mitigation techniques:

a)  Powerful error correcting coding combined with interleaving, which correct for low load
interference from the DECT carriers closest to the A-block. A DECT handset provides such
low load interference.

b)  For the remaining cases where the error correction capability isinsufficient, the PCS system
will provide an intra-cell handover to a PCS carrier more distant from the 1 930 MHz
boarder. Thisis easily made since the A-block handset Rx band is so large, 15 MHz.

The same mitigation techniques a) and b) are used to combat potential interference between
the A- and B- block PCS systems. Comparing different Monte Carlo simulations makes it
reasonable to suppose that average potentia interference between adjacent PCS blocks
(mutual BS to handset and handset to BS interference) is larger than between the UPCS block
and the A-block (DECT handset to PCS handset). This further supports the conclusion that
the potential interference to PCSis very small from DECT (or PWT) residential and
enterprise applicationsin the 1 910 MHz to 1 930 MHz (UPCS) band.

B.5 Coexistence DECT and PHS

DECT and PHS are in some parts of the world, some Asian and Latin American countries, allowed to be implemented
on the same spectrum, or partialy the same spectrum.

There are similarities between DECT and PHS, which makes this possible, but also differences, which makes sharing
spectrum less efficient in some cases.

The similarity is that that Traffic Channels both for DECT and PHS use instant Dynamic Channel Selection, DCS,
which selects least interfered (isochronous) "time window/frequency” combinations as traffic channels. This provides
efficient sharing both in the time domain and in the frequency domain within each system type. However, it also
provides sharing between DECT and PHS systems when applied in the same local area. The reason for this sharing to
work, isthat the PHS TDMA frame is 5 ms, which is a sub-multiple of the DECT 10 ms frame. Thus time windows that
are free during part of any 10 ms frame time, can be selected by DECT or PHS, whosoever may have the need. This
packing (sharing) in the time domain works, but will off course be less efficient than within a single system.

A main differenceisthat PHS requires special carriers (spectrum) for its control signalling, control carriers. These
carriers are fixed and must not be interfered by, nor be shared with traffic channels. DECT on the other hand, instant
DCS and traffic channels also for the control signalling, and has no need for special spectrum for protected control
carriers.

Thusthe conclusion isthat DECT and PHS can dynamically share spectrum for the (user data) traffic channels, but PHS
needs part of the spectrum exclusively for its control carriers. In spite of this difference, in some countries both
technologies are alowed to share the same common spectrum without any specific protection for PHS control carriers.
DECT does not suffer from this. PHS may suffer, depending on application.
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Privateindoor applications

For application of indoor residential and office systems, the risk with a common spectrum is not very evident, because
there is normally only one type of system per home and per office, and for these cases the wanted own signal is stronger
than from a system from some other home or office. Furthermore, if PHS systems are loading their control carriers, any
DECT system would automatically avoid them if they can be heard. On top of that, PHS has implemented a (slow)
dynamic control channel alocation mechanism to fit the US UPCS isochronous etiquette rules, where several
technologies are allowed to access a common band based on least interfered "time window/frequency” combinations.

Public outdoor applications

For public outdoor systems, where both technologies normally are used simultaneously in the same area, it is more
important to protect the PHS carrier. In for instance China where public pedestrian systems are common, and in some
Latin American countries where FWA are used, DECT Forum and the PHS MOU group have jointly helped regulators
to find a good compromise (depending on market situation). The typical solution islike the decision in China, where
PHS uses the band 1 900 MHz to 1 915 MHz and DECT the band 1 905 MHz to 1 920 MHz. Of atotal of 20 MHz each
technology gets 15 MHz, of which 5 MHz is protected for exclusive use for each system.

B.6 DECT coexisting on the US unlicensed bands, the
UPCS band and the 900 MHz and 2,4 GHz ISM
bands

Relevant unlicensed spectrum in the US are the protected UPCS (Unlicensed UPCS) Isochronous band
1920 MHz to 1 930 MHz and the unprotected ISM bands 902 MHz to 928 MHz, 2 400 MHz to 2 483,5 MHz and
5725 MHz to 5 850 MHz, see[2] and [32].

B.6.1 The protected UPCS isochronous band rules - good for real
time/isochronous services (e.g. telephony)

The UPCS Isochronous rules provide coexistence with DECT equipment, because the basic principles and parameters
for instant Dynamic Channel Selection, also called Listen Before Talk, are the same. E.g. an isochronous UPCS channel
is defined as a frequency/time-window combination repeated in the time domain every frame of T ms, where

Te = 10/N ms, where N is an integer. This provides instant spectrum sharing of high quality real time service
connections both in the frequency and time domains. DECT (and PWT) has T = 10 ms. Thus DECT and UPCS rules
both provide repetitive burst patterns in any repeated 10 ms frame sequence, which enable sharing in the time domain.

The US UPCS (Unlicensed UPCS) protected I sochronous band 1 920 MHz to 1 930 MHz is available for the DECT
derivative PWT, but presently not for DECT, due to historic non-technical reasons. The US FCC is however currently
(early 2004) revising the UPCS Isochronous rules and possibly removing the (artificial) fixed 1,25 MHz channelization
and bandwidth limitation that currently (for no technical reason) bars DECT from this band. There is presently (early
2004) no protected spectrum available in the US for standard DECT equipment.

A protected spectrum is where autonomous systems follow a set of rules (an etiquette) which makes them compatible to
maintain and protect high quality real time service radio linksin an environment of uncoordinated system installations.
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B.6.2 The unprotected ISM bands - not good for real
time/isochronous services

Standard DECT equipment can since May 2002 be applied in the US within the ISM bands 902 MHz to 928 MHz,
2400 MHz to 2 483,5 MHz and 5 725 MHz to 5 850 MHz, see[2] and [32].

Opposite to a protected DECT spectrum having an etiquette whereby high quality real time radio links of compatible
but uncoordinated systems are maintained and protected, the ISM bands allow for uncoordinated usage of a variety of
incompatible communication devices and also industrial, scientific and medical devices. Therefore maintenance of high
quality of service will not be guaranteed when other types of ISM devices (non-DECT devices) are used in the same
local area. This applies especially to voice and video services, but isless critical for best effort packet data services,
where non-time-critical retransmissions are applied. If a manufacturer nevertheless would implement DECT for the US
ISM bands, the band 902 MHz to 928 MHz could be preferred over the 2 400 MHz to 2 483,5 MHz band due to lack of
potential interference from |EEE 802.11b WLANS, microwave ovens and Bluetooth devices. The 900 MHz spectrum
provides better range than the 2,4 GHz spectrum. The 5 GHz ISM band is of lessinterest due to range limitations and
higher cost and current consumption.

ETSI



70 ETSI TR 101 310 V1.2.1 (2004-04)

Annex C:
The concepts of traffic capacity and efficient use of the
spectrum

C.1 General

It isimportant, both from operator's, user's and regulator's point of view that the different applications of DECT do not
violate reasonabl e requirements on spectrum efficiency and on the quality of the transferred service.

C.2 The relation between infra structure cost and
spectrum efficiency

Efficient use of the spectrum cannot be determined by such a simple term as e.g. "traffic channels per MHz". For a
technology like DECT spectrum efficiency for speech has been defined as E/km? per floor at comparable (speech)
quality and infrastructure cost. See ETR 042 [21] clause 2.

The relation to the cost, comes from the fact that the traffic capacity (E/km?) for DECT will be proportional to the base

station density (RFPs/km?) (see note). See clause 4.2. Therefore, the capacity is very dependent of the infrastructure
cost.

Cost efficient implementations at required capacity and service quality is known as a prime goal for all standardization
and is beneficial to the general public.

Therefore, efficient use of a spectrum has both a cost, a quality, atype of service and a spectrum efficiency
(spectrum/connection) component. It is for example very important quality difference between a 4 kbit/s and a 64 kbit/s
speech link.

NOTE: DECT can maintain theradio link quality at decreasing cell sizes dueto the C/I limited DCS and quick
seamless inter-cell handover procedures.

C.3 Maximizing the application dependent spectrum
efficiency

The maximum load per cell hasto be limited, at least for multi-site above rooftop applications, in order to provide
efficient reuse and sharing of the spectrum. Simulations indicate that it is highly desirable for an operator to limit the
planned average traffic in any one coverage cell (omnidirectional or sector shaped) to about 10 E (full-slot duplex
bearers or equivalent) per 20 MHz of total allocation. Exceeding this limit could make the effective range of hiscells
disproportionally vulnerable to interference from other users of the spectrum.

Theintention isto restrict the maximum load from one antenna on the DECT spectrum in a specific geographical
direction. This advice should not limit economic infrastructure implementations, but is atool for optimizing coexistence
on the common DECT spectrum.

C.3.1 Directional gain antennas

Use of directional gain antennas generally increases the spectrum efficiency, as shown in clause A.2.3. The DECT
standard (EN 300 175, parts 1 [1] to 8 [8]) recommends to allow general use of up to 12 dBi gain antennas and up to
22 dBi upon (case by case) approval by national authorities.
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Sectorized antennas can a so provide a common RFP site for several cells, as for the examples with the DAS nodes in
clause A.3. Common cell sites provide essential cost savings for important applications.

C.3.2 Frame synchronization

DECT isdesigned not to require frame or slot synchronization between base stations or systems to maintain a high radio
link quality. See clause E.2.8. Synchronization between close by base stations does however in general decrease the
local load on the spectrum.

C.3.2.1 Synchronization between RFPs within a DECT system (FP)

Synchronization of RFPs within aDECT system (FP) is essential for all high capacity multi-cell systems, and could be
mandated (within clusters) for such public applications. In-system synchronization is normal practice for multi-cell
office systems, where the RFPs obtain the synchronization over the connection wires to the radio exchange (RFP
controller). Synchronization within office systemsis regarded essential by manufacturers, both to provide efficient
handover and to meet internal system capacity requirements.

C.3.2.2 Intersystem synchronization

Intersystem synchronization (to an absolute reference or mutual between two systems) is essential for above rooftop
high capacity applications, and should be mandated for such applications. | ntersystem synchronization (to an absolute
reference or mutual) is also essential for "hot spot" public pedestrian applications. The DECT standard

(EN 300 175, parts 1 [1] to 8 [8]) provides for this purpose a cost effective absol ute time synchronization option using
the GPS satellite system. Other means for mutual frame synchronization are also available in the DECT standard (see
EN 300 175, parts 1 [1] to 8 [8]).

For other cases inter system synchronization istypically not critical, and should not be mandated.

In order to prevent potential problems, it could be recommended that al public systems, i.e. al systems needing a
license, are forced to be locally synchronized to each other, if an operator requiresit in a specific local area. This means
that means for mutual synchronization must be a part of a public system.

This leads to the following simple rule;

- public systems should provide intrasystem cluster synchronization, and should have either GPS
synchronization and a SYNC output port or acomplete SYNC port (both input and output). This will allow
absol ute time synchronization via GPS or wired mutual synchronization, if an operator requires local
synchronization between operators.

NOTE: For public pedestrian street type systems (antennas lamp post, below rooftop, 1E per base),
synchronization may improve the capacity, but is often not essential. GPS synchronization is feasible if
several base stations are part of the same FP. It is not cost effective for single RFP FPs connected directly
to alocal exchange unlessit is possible to transfer frame synchronization signals over the local exchange.

C.3.3 Application of WRS

Some WRS applications, for example outdoor to indoor coverage enhancements, decrease the local outdoor load on the
spectrum, since no excessive outdoor field strength is required to penetrate the building.

Applications of WRS are in most applications not critical for the local load on the spectrum. A CRFP type WRS link
always provides less load on the spectrum than an REP type WRS link, but the REP is not critical for the load on the
spectrum except for high density WRS installations with above rooftop remote links. The GAP and RAP interworking
profiles will use the CRFP type of WRS. See clause A.6.
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Annex D:
Comparison with systems using fixed channel selection

This annex analyses the spectrum required for different single DECT systems compared with the spectrum required by a
comparable system using FCA. By comparable technology is meant a duplex 32 kbit/s service transfer and radio
receivers with limiter/discriminator detector or differential detector. The modulation type has only secondary influence.

D.1  Public pedestrian outdoor suburban application

DECT simulations indicate that 61 RFPs placed in hexagonal grid with 300m separation will at 1 % GOS provide 5,2 E
average traffic per base with 6 carriers, 72 access channels, allocated for DECT. See figure A.3.

We assume that a comparable system with FCA will use a 16 cell reuse pattern for a suburban 2-dimensiona outdoor
application [18]. We use the Erlang B traffic formulaat 1 % GOS to estimate the offered average traffic per base.

D.1.1 Traffic when using the same total number of access
channels as DECT

The number of access channels per base will be 72/ 16 = 4,5. Of these 4,5, one has to be a control channel. Therefore,
there are 3,5 traffic channels available per base. 3,5 trunks give 0,7 E average traffic (Erlang B). In this example DECT
is5,2/0,7 = 7,4 times more spectrum efficient than the comparable system using FCA.

D.1.2 Total number of access channels required for the same
traffic per base

5,2 E average traffic per base will require 11 traffic channels per base (Erlang B), plus one control channel, which gives
12 access channels per base and totally 12 x 16 = 192 access channels for the system alocation. In this example DECT
is192/ 72 = 2,7 times more spectrum efficient than the comparable system using FCA.

D.1.3 Summary tables

Table D.1: Comparison for outdoor suburban case with 72 DECT access channels

Outdoor suburban, FCA 16 cell reuse, DECT DECT FCA Equal FCA Equal number of
totally 72 access channels (6 DECT carriers) traffic/base access channels
Total number of access channels 72 192 72
# of channels per base (incl. 1 control ch.) 11+1 35+1
Average traffic per base 52E 52E 0,7E
DECT spectrum efficiency gain 2,7 times 7,4 times
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Table D.2 shows the same cal culations with 48 access channels allocated to DECT, see figure A.3.

Table D.2: Comparison for outdoor suburban case with 48 DECT access channels

Outdoor suburban, FCA 16 cell reuse, DECT DECT FCA Equal FCA Equal number of
totally 48 access channels (4 DECT carriers) traffic/base access channels
Total number of access channels 48 152 48
# of channels per base (incl. 1 control ch.) 85+1 2+1
Average traffic per base 34E 34E (0,15 E)
DECT spectrum efficiency gain 3,2 times (23 times)

From tables D.1 and D.2 we can conclude that DECT in outdoor pedestrian applicationsis typically 3 to 7 times more
spectrum efficient than a comparable technology using FCA.

D.2  Office multi-floor applications

DECT simulations indicate that 16 RFPs per floor placed in rectangular grid on 3 floors will at 1 % GOS provide 4,4 E
average traffic per base with 4 carriers, 48 access channels, allocated for DECT (seetable A.2).

We assume that a comparable system with FCA will use a 32 cell reuse pattern for an office 3-dimensional application.
We use the Erlang B traffic formula at 1 % GOS to estimate the offered average traffic per base.

By applying the same kind of calculations as for the outdoor case above, we obtain the results given in table D.3.

Table D.3: Comparison for indoor 3-dimensional case with 48 DECT access channels

Office multi-floor, FCA 32 cell reuse, DECT DECT FCA Equal FCA Equal number of
totally 48 access channels traffic/base access channels
Total number of access channels 48 352 48
# of channels per base (incl.1 control ch.) 10+1 05+1
Average traffic per base 44 E 44 E (<0,4E)
DECT spectrum efficiency gain 7 times > 10 times

From table D.3 we can conclude that DECT in an indoor application istypically 7 to 10 times more spectrum efficient

than a comparabl e technology using FCA.
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Annex E:
DECT instant DCS procedures

E.1 Summary of some DECT procedures providing the
high traffic capacity and the maintenance of a high
quality radio link

Some of the essential DECT procedures and features that provide the high traffic capacity and the maintenance of a
high radio link quality, are listed below.

Handsets (idle locked or in communication) are always locked to closest (strongest) base station. Automatic seamless
handover is made as soon as an other base becomes stronger. The seamless handover provides "make before break",
which isimportant for a high quality of voice service. Being locked to the strongest base station is essential for efficient
access channel reuse and link robustness, which leads high capacity.

Down-link broadcast system information and incoming call alert (paging) is distributed on each down-link dummy and
traffic bearer. The more traffic, the more to lock to. There is no specific fixed control carrier that can be interfered so
that the whole base station will be out of operation.

The short dummy bearers providing down-link broadcast system information and paging on idle base stations are
checked at the RFP about every second, during arandomly selected odd frame, to remain on aleast interfered access
channel. Two dummy bearers with at least one slot separation avoid blind sots at seamless handover, since a GAP PPis
not required to be able to switch carrier during the inter slot guard band time. The figures below shows an example on
how blind slots are avoided when making a seamless handover from cell 1 to cell 2. If there had been no traffic in cell 2,
then the traffic bearer on carrier 5 would have been a second dummy bearer.

\/ Slot 1
o> gﬁri

Handover to
least interferred
access channel

CELL 2

Slot 1
Carrier 1

CELL1

Slot 0 1 4o, 11
Base Station 1 Carrier 1
Slot 0 1 4o, 11
Base Station 2 Carrier 5 Carrier 1
= Traffic Channel |:| = Dummy Bearer

Figure E.1: Example on how to avoid blind slots at seamless inter-cell handover

For call set-up or handover, the handset selects aleast interfered access channel and makes direct set-up (20 ms) on this
traffic channel to the strongest base station. This provides quick bearer access, 50 msfor data.
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The handover is decentralized and handset controlled. This avoids complex co-ordination or tricky channel selection
requirements on the fixed infra structure. The RFPs however may provide blind slot information to the PPs to speed up
the access.

E.2 Detailed description of the DECT instant DCS
procedures and features

E.2.1 Instant DCS or CDCS

The principles described in this clause are based on Multi Carrier, Time Division Multiple Access, Time Division
Duplex (MC/TDMA/TDD). Figure E.2 shows the TDMA/TDD frame for DECT here with 12 + 12 full dots.

normal normal
RFP transmit PP transmit

< 5ms > 1 < 5ms >
full full full full full full full full full
slot dot slot sot slot dot slot slot dot
23 0 1 2 11 12 13 23 0

< >

one frame 11,520 bits

| < Full slot k > |
fo f479
sO s31]d0 d387 0 z3
S D field z
field field
p0  p31|p32 p419 p423
do 388 bits - D32 format (full slot) da3s7
D field (D32, D08, D80)
A | B
| 64 bits | 324 bits - D32 format (full slot) |
do asabo D323

Figure E.2: TDMA slot structure for DECT

The basic property of CDCS isthat a physical channel is selected, that isleast interfered at the moment of selection.
The DCS includes the following:

- selection of bearersfor control signalling;

- selection of simplex or duplex traffic bearers;

- selection of traffic bearers for handover;

- selection of bearersfor extension of user data rate of an established connection.
Examples for selection criteriafor different types of bearers can be found in EN 300 175-3 [3], clause 11.4.

In DECT achannel selected for aduplex service is changed only if the quality is degraded or if another base station of
the same system becomes stronger, while a down link broadcast or connectionless service shall be kept at a least
interfered channel, if needed by repeated moves to new channels.
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E.2.2 Dynamic selection of control channels

In order to provide for uncoordinated installations in a multioperator environment where a common frequency resource
is shared, it is necessary that both traffic channels and control channels are continuously dynamically selected.

In thiskind of environment it islikely that the same handset has access rights to several systems, e.g. aresidential
system, an office system and several public systems.

Therefore, it isimportant that each base station continuously broadcasts access rights and other system information.
Therefore, call set up attempts by handsets through blind interfering transmissions are avoided, since each handset will
know if a suitable service is available by listening only. DECT handsets may transmit only after they have succeeded to
lock to a base station with the wanted access rights identity.

The broadcast information on adown link control channel is most essential. If the control channel isinterfered, call set
up isimpossible (or may be possible through a complicated escape mechanism).

It is against the general philosophy to alocate a special part of the frequency band to control channels. This may impose
not wanted restrictions on the control channel structure. Furthermore, it is probably easier to find an interference free
channel with unrestricted selection over the entire frequency band.

In DECT the down link broadcast and control channel is available as a part of every downlink transmission. Besides
traffic bearers a down link dummy bearer is also defined, which only contains the synchronization field and the
broadcast and control channel part (A-field) of atraffic bearer. See figures E.1 and E.2 and EN 300 175,

parts 2 [2] and 3[3].

The down link broadcast information has to be continuously transmitted from each DECT base station. The following
combinations of downlink traffic channels and dummy bearers are allowed.

Table E.1
Downlink traffic channel Dummy bearer
None active 1 or 2 active
At least one active None or 1 active

When 2 active dummy bearers are used, they should be transmitted on different antennas. See clause E.2.6.

The dummy bearer is aways active at low traffic, but is very short and does not steal essential capacity. e.g. inan
environment of unsynchronized systems, a dummy bearer |oads the radio environment with aload corresponding to
only 10 % of that of a duplex traffic channel.

The system is allowed to make frequent short breaks in the dummy bearer transmission to check if it is still on aleast
interfered channel. If not, a change information is broadcast and the dummy bearer is moved accordingly. This ensures
that the downlink broadcast bearer stays at a least interfered channel. When there is much traffic from a base station,
no dummy bearers are needed since the broadcast information is derivable from each downlink traffic bearer.

E.2.3 The broadcast paging and system information

Since the paging and system information is available on every downlink channel, a handset can lock to any downlink
transmission and derive the required system information. If it contains the wanted access rights identity, it is possible to
make and receive calls. The access rightsidentity (the system and base station identity) is transmitted in almost every
slot, while other system information is transmitted less frequently.
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Examples of broadcast system information that has to be derived by a handset before it is allowed to transmit are:
- system identity (primary access rights identity);
- base station identity;
- frame synchronization;
- multiframe synchronization;

- number of transceivers per base station and the synchronization and the order of the base station receiver
scanning of RF-carriers,

- frame number for cipher synchronization;
- the RF carriers allowed to be used by the system;
- FPs capabilities;
- secondary access rights information.
The base station identity makes it possible to make call set up and handover to the closest and strongest base station.

The multiframe synchronization is needed e.g. for the handset current saving, since a paging sequence always starts at a
multiframe boundary.

The information on used carriers can be used for e.g. local barring of channels to avoid local interference, or for
systemrelated barring, or for later extension or decrease of usable frequency bands. A DECT RFP may also inform on
preferred channels.

The FPs capability informs on e.g. speech codec type, fax, data services, etc.

The secondary access rights information provides the means for sharing base stations between different operators.
DECT has a powerful and flexible identity and addressing structure that provides for e.g. hosting private user groupsin
alarge public system, hosting public accessin private systems, and hosting public access from severa service providers
in a system owned by one of the public service providers. The same handset can be equipped with access rights to
several public and private operators.

The identity structure for DECT isfound in EN 300 175-6 [6].

E.2.4 Dynamic selection of traffic channels and maintenance of
the radio link

For simplicity only the set up of a (single) duplex bearer is described.

After having locked itself to the strongest of the wanted base stations, the handset makes a list of least interfered
channels, which it regularity updates. For a duplex bearer, interference level is measured in the receiver channels of the
handset. At call set up the handset selects "the best" channel and sends an access request to the closest (strongest) base
station. Thisrequest is sent in synchronism with the derived base station receiver RF carrier scanning order. If a
response is received on the relevant duplex response dot, half aframe (5 ms) later, the duplex bearer is established. Else
an attempt is made on the second best channel etc.

The handover is portable controlled. Without interrupting the current connection it regularly scans the other channels
and records a ranking list of least interfered channels and of own base stations that are stronger than the original one,
and istherefore prepared to perform a very quick bearer handover (20 ms). The base station gives immediate feed back
on quality of received dotsto the portable.

Handover is made as soon as another base station is, say 10 dB, stronger than the one of the current connection.
Therefore, in awell engineered system seamless handover is always performed before the link quality degrades.
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The concept as implemented for DECT provides a quick seamless handover that does not need centralized control nor
complicated procedures. The key is TDMA in combination with the portable controlled DCS. Theold link is
maintained on one slot in the portable, while the new link is set up to the closest base station on another "best” time slot.
When the new link is established, the (new) base station requests the central control to make a seamless switch from the
old to the new radio link. Thisis an important TDMA feature.

The nature of CDCS s such that a channel in use can (occasionally) be stolen, and therefore the quick DECT intracell
handover increases the capacity and cuts call curtailments drastically. It isimportant not to depend on the old channel to
quickly set up the new.

If callsare not set up to and kept to the closest base stations by handover, the capacity of the system and the link quality
decreases.

E.2.5 MC/TDMA/TDD simple radio multichannel base station

MC/TDMA/TDD with a reasonable number of traffic slots (8 to 12 duplex connections) provides a cost effective
Sandard Base Station concept. This concept as applied for DECT isdescribed in ETR 042 [21].

This Base Station can access all traffic channels (common for al systems). It consists of one single radio that can
instantly change carrier frequency from slot to slot. With the standard 12 + 12 time slots chosen for DECT, it offers
over 5 E average speech traffic, corresponding to 25 handsets with 0,2 E each.

This provides amajor system and cost benefit:

- the number of base radios needed per 12 offered speech traffic channelsisreduced to 1 from to the 12 required
for analogue or digital FDMA systems;

- the in-system requirements on intermodul ation and adjacent channel interference are also reduced since each
transmission to and from a Standard Base Station uses always different time slots;

- in-system blocking requirements will also be reduced, since escape to another available time slot will give
perfect isolation;

- asymmetric links are provided with up to 23 time sotsin one direction and 1 time slot in the other direction.
Seeclause 7.2;

- furthermore, simulations for DECT (12 + 12 time slots) show that for handsets it is not essential to require
carrier change within an interslot guard band.

These properties will be lost if alow number of dots per frame (e.g. 4 + 4) are chosen.

E.2.6 Antenna base station diversity

The concept as applied for DECT provides and combines different types of diversity; antenna diversity by changing the
antenna radiation pattern, frequency diversity by intra-cell handover to another carrier and macro diversity by intercell
handover. Diversity increases capacity, extends the range and decreases the time dispersion effects. Application of
antenna base station only diversity is simple for the Standard Base Sation and is effective due to TDD.

E.2.7 Traffic capacity

Two parameters that affect the traffic capacity are the type of modulation and the relative carrier spacing. For DECT the
chosen modulation Gaussian Frequency Shift Keying (GFSK), with deviation characteristics equivalent to GMSK with
anominal BT value of 0,5, gives good sensitivity and C/I performance. It allows for alow cost, robust, fast acting,
limiter-discriminator detector, with 1-threshold bit-by-bit detection. It aso allows low cost | F-filters and low radio
frequency stability requirements.

This modulation type, giving rather large relative carrier spacing, is optimized for low cost, high capacity, residential
and office applications. With relevant diversity techniques, it is suitable for outdoor pedestrian street services with
200 mto 300 mrange. 5 km Line of Sight ranges are supported for RLL applications using directional gain (12 dBi)
antennas. See clause 6.4.1.
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Thelatest version of the DECT base standard includes backwards compatible 4-, 8-level, 16-level and 64-level
modulation options. This will increase the bit rate of single radio DECT equipment by afactor 2, 3, 4 or 6 with retained
transmitter bandwidth, carrier spacing and slot structure.

The traffic capacity and spectrum requirements for different DECT application scenarios can be found elsewhere in this
report.

E.2.8 Inter system synchronization due to TDMA and TDD

Frame and dlot synchronization between base stations within aradio exchangeis easily provided. In order to avoid high
handover rates and quick changesin the "least interfered channel” lists due to the dot drift from adjacent DECT
systems, the frame cycle stability should typically be 5 ppm or less. This correspondsto adrift over 1 slot per 80
seconds.

The slow slot drift from unsynchronized neighbours does not introduce a new element, but is elegantly dealt with by the
standard seamless (normally intra-cell) handover and channel selection procedures. It isin fact easier to make a
seamless handover due to slot drift, than to cure the normal effect of a sudden channel (slot) theft, that occasionally
occursin al DCS Systems. DECT has mechanisms to detect dot drift and make a handover before the user datais
corrupted. Sot synchronization between systemsis useful, but not a requirement, for maintaining a high radio link
quality Unsynchronization between close by office systemsin the same building leads to a graceful capacity decrease,
which is small compared to the total capacity gain given by using CDCS. For high capacity above roof top installations
synchronization is essential for the capacity.

For the general pico cell applications, for instance in offices, there is normally no significant difference between the
average interference levels from base stations or handsets from neighbour cells. Base stations and handsets are close to
each other and their antennas are used at similar levels above the ground or floor. Therefore, TDD has no drawback
compared to FDD in this unsynchronized environment.

If for a specific public service omni directional base station antennas are installed high above the level where handsets
normally are used, it is recommended to at least frame synchronize close by base stations of thiskind. Else these base
stations would cause much more interference to the up links than the handsets. A frame synchronization (over the line
connection) with an accuracy of about 1 ms (DECT), will for this case make the interference performance (when using
TDD) similar to the performance when using FDD. The need for synchronization is much less critical for systems using
CDCS, than for systems using FCA. An attractive solution for this specific application isto derive the synchronization
reference from the GPS but other means for synchronization are also available, as seen from other parts of the present
document.
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Annex F:
RF modifications of DECT enabling applications on FDD

(paired up-link/down-link) spectrum

DECT, athough basically a TDD technology, can also be applied on an arbitrary FDD spectrum, maintaining its unique
instant dynamic channel selection provision and other properties. Thisis possible with standard DECT TDD burst mode
controllers by implementing the required duplex frequency shift in the RF-part when switching between transmission
and reception. In thisway a DECT link provides a combination of TDD and FDD. Such a DECT FDD base station

(and handset) does not transmit and receive at the same time and does thus avoid expensive duplex filers at the expense
of using the spectrum resource only half the time. However, by off-setting the frame timer of every second DECT base
station by 5 ms, the available spectrum will be fully used within a multi-cell system. Further information is found in

TR 101 370: "Digital Enhanced Cordless Telecommunications (DECT); Implementing DECT Fixed Wireless Access

(FWA) in an arbitrary spectrum allocation" [31].
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