Publication

DCT-005-2011-DAR DOSCH & AMAND
L i ReEsEaRcH
TECHNICAL LECTURE RESEARCH PUBLICATIONS

*“MULTICELL NETWORKS based on
DECT and CAT-ig”

Part 1/3

Author
Padma Ganeshan
DOSCH&AMAND

Advisor
Dirk Kelbch
CTO, DOSCH&AMAND

Consultant
Prof. Dr.-Ing. Holger Stahl
Institute of Electrical Engineering & Information Technology

Consultant
Prof. Dr.-Ing. Reiner Schell
Institute of Electrical Engineering & Information Technology

Consultant
Dr.-Ing. Franz Dosch
CEO, DOSCH&AMAND

MULTICELL NETWORKS based on DECT/CAT-iq



Publication R v
DCT-005-2011-DAR DOSCH&AMAND

=" RESEARCH

TECHNICAL LECTURE RESEARCH PUBLICATIONS

Table of Contents

1 INTRODUCTION ...oiiiiiieiiiiiiiitiie et ettt e e e e e e s st e e e e e e e e e s bb e e e e e e e e s annnaaneeeeeaeeas -5-
1.1 DECT SYSTEM.iiiiiiiiiiittiiititeeeeeeeaatateeeeeaeaesasasaaeeeeaaeaeassssaaaeeeeaeeaeaansssssaneeaaeeesannnns -5-
1.1.1 The DECT Reference Model ............ccoiiiiiiiiiiiiiiiii e -5-
1.1.2 DECT Stack & Layer DESCIIPUON ..........uuuuuurrmmiiiiiiinieiriiieeinieneeneseneneenseennnnnnnne -7-
1.2 GAP AND CAT Qi iiiiitiiiite e e e e e e ettt e e e e e e e et e e e e e e e e e s sa b aeeeeeeeseanssnsaneeeeeeeeeannnns -10-
TG T ST = P NPUPRRRR -11-
1.4 DOSCHEAMAND TOOLS ..coiieeiiiiiiiiiiiieeaeeeseaiiiteeeeeeeeesaasssssreeeateeessainnssseeeeeeeaseannns -12-
1.5 RELATED WORK .eiiiiiittttiiiitee e e e e siiitieete e e e e e e e st eeeeeeeaeaaasbb s bbeeeeeeeeaannsssabneeeeeeeeaannes -14 -
I Y] {0 X o o PP SR ST S U -15-
1.7 ROADMAP ...ettetiteee e e e e ettt e e e e e e ettt e e e e e e e e bt be e e e e e e e e i s ne e beeeeeeeatn e nnnbeeeeaaaeeeaaanne -15-
2  IMPORTANT ASPECTS OF DECT SYSTEM....uuuiiiiiiiii ceeieeee e eeiiae e -16 -
2.1 R SPECTRUM «.tttttii it ettt e e ettt b e e e s e be e etk s e e e e e b et e bbb e e e e e e e e eesbban e e e e s -16 -
2.1.1 Modulation SCHEIME ... -17 -
2.1.2 Frame, SIot and PacCKetS ........cccoieiiiiiiiiiiiee it -17 -
2.1.3  TransmisSSiON SCREME....c.coiiii i -19-
A 1] = N =S RSSO -20-
2 R = o =T 11 PP PERPR -23-
2.2.2 PP IENLLIES .. .ot eaenee -24 -
R B Y O [ =T o1 )= -26 -
2.3 MOBILITY MANAGEMENT ....uuiiittteeeesieiunterereeaeesssassssssseeseeasssasssssseeeeeessssssssnsneseeeeees - 26 -
2.3.1  LOCAtiON PrOCEAUIES ......coeiiieeeii e e e e e e eeeees - 26 -
2.3.2  ACCESS RIGNLS ...t -30 -
2.4 SYNCHRONISATION ..tttttttteeeeeeeeneesssssesnssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssnnnnns -34-
2.4.1 Reasons for SYNCRrONIZatioN:........ccoooeeeeeee e -34 -
2.4.2 Frame SYNChroNiZation .............ceiiiiieiiiiiies e e e e eenens -36 -
2.4.3 Frame Number SyNnchronization...............uuieeiiiiiiiiiieice e, -36 -
2.4.4 Synchronization ArChIitECIUIE........ccoieeiiieee e e -39-
2.4.5 Over the Air SYyNChronisSation.............ccoeeuiiiiiiii e -40 -

MULTICELL NETWORKS based on DECT/CAT-iq



Publication R v
DCT-005-2011-DAR DOSCH&AMAND

=" RESEARCH

TECHNICAL LECTURE RESEARCH PUBLICATIONS
3 MULTI-CELL IP-DECT SYSTEM ..ottt et -42 -
3.1 ARCHITECTURE ...tttttttttttttseeeeseeesssassessseseeseseees s st s s et s s s s s s s sssssssessssnsssnnnnsnnnnnnns -42 -
3.1.1  Simple MUlti-Cell SYSTEM ... -42 -

3.1.2 Multi-Cell System Layout

4  POSSIBLE SOLUTIONS TO THE ARCHITECTURE OF A MULTI-C ELL SYSTEM- 45 -

4.1 DIFFERENT TYPES OF MASTER SYSTEM.....uutuuuuuuuuununnnnnnnnnnnnnnnnnsinnnssnnnnnnssasnnsnnnnnnnnnn -45 -
4.1.1 Single MaSter SYSEIM .......cooiiiiiiiiiiii -45 -
4.1.2 TWO MASEEI SYSEEIM ..eeiiiiii e e e e et e e et e e e e eaaes -45 -
4.1.3 Multiple MaSter SYStEM ........ccooiiiiiiiiiiiii - 46 -

4.2 COMMUNICATION BETWEEN MOBILITY MASTER AND CLIENT IN A MULTI-CELL SYSTEM- 46 -
4.2.1 CommuUNICAION VIA TP ...ttt e st e e e e e eeeees - 46 -

4.3 OVERALL ARCHITECTURE OF A MULTI-CELL SYSTEM....uuuuuuureeruinennnnnnnnnnnnnnnnnnnnnnnnnnnnns -48 -
4.3.1 The Routing Table...........ooo -49 -
4.3.2 Replication of Routing Table ... -52-

5 POSSIBLE SOLUTIONS TO CONFIGURING A MULTI-CELL SYST EM................ -53-

5.1 IMPORTANT PARAMETERS TO CONFIGURE A MULTI-CELL SYSTEM......cuvvvvrvvrrrnininnnnnnns -53-

5.2 FILE FORMAT ..ot ittttitttt ittt ettt aba s aaa st e e s e s s s s s s s sssssssssessssssssnnnssnnnnnnes -54 -

5.3 OBTAINING THE FILE ...evtttttttteeeesttineesseessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnsnne -55-

B SETUP - 58 -

6.1 SINGLE-CELL SYSTEM ...itittttutuuuetsuueseensaseesesssssssssssesesessessesessesss——.. -58 -

6.2 MULTISCELL SYSTEM .ttttititttiiteiiieeeetieeetseesesssssssssssssssssssssssssssssssssssssssssssssssssssssnsnnnn -59 -

6.3 COMPONENTS ....etitttttteeeeteeeseeseeseseeeeesssasaeseasss e s sessesss s s s ssasssssssssssssssssssssssesssnnsnsnnnnnnes -60 -

7  SOFTWARE DESIGN AND IMPLEMENTATION ....ouiiiiiiiiiit o -61-

7.1 SINGLE-=CELL SYSTEM ...tttttttttttutusunnsennsnsssssnssssssnssnssssssssssssssssssssssssssssssssnsssnnnnsssnnnnns -61-

7.2 MULTIZCELL SYSTEM ...ttttttttitettttetaeseeeseseesesesssssesssssssessssssssssssssssssssssnssssnnssnnnnnnnnnnne -62 -
T7.2. 1 MODIlItY MASEET ... -62 -
T.2.2  ClBNE. e -73-
7.2.3 Parameters for OTA Synchronisation ... -76 -
7.2.4  Configuring the SYStem ... -77 -

MULTICELL NETWORKS based on DECT/CAT-iq



Publication 1 atios
DCT-005-2011-DAR DOSGH&A” AND

=" RESEARCH

TECHNICAL LECTURE RESEARCH PUBLICATIONS
B TE ST oo -79-
S T I S S U PR -79-
8.2 TESTING PROCEDURE .......cuttututuuusuueseessssensssssssssnssssssssssssssssssssssssnssssssssssssssnsssssssnnnns -80-
8.2. 1 ROAIMING .o - 80 -
8.2.2  INCOMING Call ... - 80 -
8.2.3 0OULJOING Call ... e -81-
8.2.4 Configuration using “MultiCellCfg.XmI” ........cccooiiiiiiiiiii e, -81-
8.3 TEST RESULT .iitiitiiii ettt e ettt e e e e et et e thbba e e e e e e e e ebbe e e e e s -82-
LS B O 1@ I 15 [ ] -83-
(O © 16 I 1 1 | -85-
APPENDIX.....iiiiiiiiiiiiiiiiiiiiiiiiiinnrrsrnnserreees G e e e e e Wi B e e e v eveevennnnnnnnnnnnnnnnnn - 86 -
LIST OF REFERENCES ... .ciiiittuiii i e et eeeeitiii e e et be e e eeiaba s e e e s beeeesbbaa e e e e e e eeeenbban e e eeeas - 86 -
= T I S ol T = -88 -
D I o Y =T = -89-
E  LIST OF ABBREVIATIONS...cctiiiieiieieeiieeeeaieeeaeesaaaeasaaeaaaaaasaaaaaaaaasaasssassaaaaaaaaaaaaasaaaanannns -90-
F CLIENT-SERVER ARCHITECTURE ...cceiiiiiiteiiee e e eeeeee e e e e e e e e e e e e e e e e e e e e e e aaeannnnanaananneannnnnens -93-
G CODING RULES ....eititttieeeteeeteuateesssaeseeessssessassssssssssssssssssssssssssssssssssssssssssssssnnnnnssnnnnns -94 -

MULTICELL NETWORKS based on DECT/CAT-iq



Publication

DCT-005-2011-DAR DOSCHEAMAND

- .,-',' RESEARCH
TECHNICAL LECTURE RESEARCH PUBLICATIONS
1 Introduction

Third-generation or 3G, also known as IMT 2000, is a family of radio interfaces which
evolved from previous generations to facilitate wider range of services and advanced network
capacity. According to the definition of International Telecommunications Union (ITU), 3G

includes the following technologies:

Enhanced Data rates for GSM Evolution (EDGE)

Code Division Multiple Access (CDMA) 2000

Universal Mobile Telecommunications System (UMTS)
Digital Enhanced Cordless Telecommunications (DECT)

Worldwide Interoperability for Microwave Access (WiMAX)

1.1  DECT System

This chapter is a compiled version from [DECT INTRO], [ETSI 300 175-1], [ETSI ETR 056]
and [JOGE].

Digitally Enhanced Cordless Telephone (DECT) is an ETSI standard for digital portable
phones (cordless home telephones), commonly used for domestic or corporate purposes.
The DECT standard originally envisaged three major areas of application:
Domestic cordless telephony, using a single radio fixed part (RFP) to connect one or
more handsets to the public telecoms network, which is now available
Enterprise premises cordless private automatic branch exchanges (PABX) and wire-
less LANs, using many RFPs for coverage. Calls continue as users move between
different coverage cells, through a mechanism called handover. Traffic both within the
system and to the public telecoms network
Public access, using large numbers of RFPs to provide building or urban area cover-

age as part of a public telecoms network.

1.1.1 The DECT Reference Model

Reference DECT network architecture is based on small cells, called picocells. DECT termi-
nals are classified as fixed parts (FP’s) using one or more RFPs (also referred as base sta-
tion) and portable parts (PP’s), which are the cordless terminals. According to the number
and type of RFP, each RFP covers a specific area (picocell). One or more PPs may move
within the cell and synchronize their transmissions according to the time base defined by the
RFP.

MULTICELL NETWORKS based on DECT/CAT-iq
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Figure 1.1 DECT Reference Model [RACHID]

1.1.1.1 Switching Network

The DECT provides cordless access to the switching network. This can be a public switched
telephone network (PSTN), PBX or a mobile network (e.g., GSM).

Two data bases, the home location register (HLR) and the visitor location register (VLR) are
used to direct incoming calls to mobile users. If a user is not always in the same place, that
is, not in the same cell, it is necessary to keep a dynamic record of the user’s current loca-
tion. A single HLR is assigned permanently to each user and keeps a record of which VLR
area (a group of cells) the handset currently is in. The HLR also can be used to store other
personalized data such as PINs for validating call requests, information on whether the user

has forwarded calls, or instructions that the user is barred from making certain classes of call.

1.1.1.2 Fixed Part

The FP is a logical grouping that contains all functions and procedures on the fixed side of
the DECT air interface. The Common Control Fixed Part (CCFP) provides transparent ac-

cess to the switching network, which means that all the switching network functionality and
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services are available for the user. The CCFP also controls all traffic and signaling between
the network and the RFPs.

A FP can contain several fixed terminations (FT's); each FT provides all the functions of a
cordless system. Each FT may contain several RFP’s (i.e., cells or base stations), and each

RFP may contain several radio end points, that is, radio transceivers.

1.1.1.3 Portable Part

The PP comprises the portable termination (PT’s) and the portable application (PA) or an end
system (ES). The PT provides all the cordless access functions, and the PA provides all
other functions on the PP. That could be as simple as the handset’s keypad and display or a

more complex PC-card application designed to send faxes over a cordless link.

In the physical domain the DECT PP includes typically one radio end point (REP), but multi-

ple REPs are allowed.

1.1.1.4 IWU

Figure 1.2 DECT IWU [ETSI ETR 056]

The cordless access system is connected to each different type of network via a different
interworking unit (IWU). That means a cordless system can (in principle) be connected to
anything by changing the IWU. The IWU converts the signals and messages used on the air
interface to a format suitable for the network. For e.g. if the message contains a humber to
be dialled, the IWU will tell the telephone line interface to dial it. It also will perform analog
differential pulse code modulation (ADPCM) on the analog speech signal used on the PSTN

to be used on the air interface, and vice versa.

1.1.2 DECT Stack & Layer Description

The DECT layers are based on the ISO OSI standard and specified using a four layered
model comprise the following layers:

The Network (NWK) Layer

The Data Link Control (DLC) Layer

The Medium Access Control (MAC) Layer

The Physical (PHL) Layer

MULTICELL NETWORKS based on DECT/CAT-iq
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Figure 1.3 DECT Stack & Layer Description [ETSI 300 175-1]

As can be seen, the four layers cover the first three formal ISO layers.
PHL and a part of MAC Layer correspond to OSI Layer 1.
Most of the MAC Layer and whole of DLC Layer corresponds to OSI Layer 2.
NWK Layer corresponds to OSI Layer 3.

This hierarchy of signalling protocol is referred to as the Protocol Stack. Every layer does not
necessarily have a physical counterpart. Each layer prepares and formats the signalling

messages for its peer layer in the PP or FP. Each layer provides a different protocol.

The interface between layers is defined in terms of what are called primitives. Their only use
is to provide a formal method of describing how the layers interact with each other and thus
how the signalling will behave on the air interface. The primitives are passed between the
layers at points called service access points (SAPs). It is useful to view a SAP as an address
for a signalling message. Data are passed in the primitive in units called service data units
(SDUs).

1.1.2.1 Physical Layer

The PHL divides the radio spectrum into the physical channels. This division occurs in two
fixed dimensions, frequency and time. The frequency and time division uses Time Division

Multiple Access (TDMA) operation on multiple RF carriers.
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1.1.2.2 MAC Layer

The MAC layer performs two main functions. Firstly, it selects physical channels, establishes
and releases bearer and for connections on those channels. Secondly, it multiplexes (and
de-multiplexes) control information, together with higher layer information and error control

information, into slot-sized packets.

1.1.2.3 DLC Layer

The DLC layer is concerned with the provision of very reliable data links to the NWK layer.
The DLC layer is designed to work closely with the MAC layer to provide higher levels of data
integrity than can be provided by the MAC layer alone.

1.1.2.4 NWK Layer

The NWK layer is the main signalling layer of the protocol. It operates using an exchange of
messages between peer entities. The basic set of messages supports the establishment,

maintenance and release of calls.

1.1.2.5 C-Plane

The control plane (C-plane) is common to all applications, and provides very reliable links for
the transmission of internal control signalling and limited quantities of user information traffic.
The data carried by the C-Plane are the ones which are necessary for the successful func-

tioning of the protocol.

1.1.2.6 U-Plane

The user plane (U-plane) provides a family of alternative services, where each service is op-
timized to the particular need of a specific type of services. The simplest service is the trans-
parent unprotected service used for speech transmission. Other services support circuit

mode and packet mode data transmission, with varying levels of protection.

1.1.2.7 LLME

The lower layer management entity (LLME) contains defined procedures, these concerning
more than one layer. It has management interfaces to all the layers of the DECT protocol
stack. This is necessary as several things do not fall into neat layers. It is faster and better for

real time operations instead of going through all the layers every time.
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1.1.2.8 Call to Physical Channel hierarchy

In order to establish a call successfully, a hierarchy is followed by the layers. Data packets of
different size can be sent and received on a number of physical channels. The data packets
are carried by the bearers in the physical channel. The MAC layer creates bearers by regu-
larly sending packets of data to the PHL or by regularly requesting the PHL to receive them.
Having built the concept of bearers on top of the PHL's packets, the MAC layer then builds
the concept of a connection made up from one or more of the bearers. A connection is what
the DLC layer requests from the MAC layer to create a link, which the NWK layer then uses

to create a telecommunications service such as a telephone call.

Figure 1.4 Hierarchy from Call to Physical Channels [JOGE]

1.2 GAP and CAT-iq

The Generic Access Profile (GAP) describes a set of mandatory requirements to allow any
conforming DECT FP to interoperate with any conforming DECT PP in order to provide basic
telephony services when attached to a telephone network. The objective of GAP is to ensure
interoperation at the air interface (i.e. the radio connection) and at the level of procedures to
establish, maintain and release telephone calls (Call Control). GAP also mandates proce-
dures for registering PPs to a FP (Mobility Management). [WIKI, GAP]

The Cordless Advanced Technology—internet and quality (CAT-iq) is the next generation
DECT network and is a global technology initiative from the DECT Forum. CAT-ig was de-
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signed for IP voice services in the next generation networks and is based on the regulatory
framework of the DECT technology standard. CAT-iq is fully backward compatible to DECT

GAP and focuses on high quality wideband VolP as well as low bit-rate data applications.

The CAT-iq profiles are split between voice and data services, with CAT-ig 1.0 and CAT-iq
2.0 providing features to support key voice enhancements, and CAT-iq 3.0 and CAT-iq 4.0

providing features to support data.

What's different about CAT-iq is that the voice path remains in the broadband network from
end to end. Using what is known as long slot technology, a voice signal can now use the ex-
tra bandwidth over the air interface at its disposal to transmit voice packets double the size of

those used in a typical PSTN network, making the way for wideband voice.  [DF, CAT-iq]

1.3 Scope

In the current generation DOSCH&AMAND DECT Systems only a single-cell system or a
multi-cell system with the use of repeaters exist. Hence, a modern cordless communication
has to be designed based on DOSCH&AMAND DECT modules in PP and FP mode. The

functionalities have to be supported in both GAP and CAT-ig compliant system.

The scope of this thesis is to design, implement and check the feasibility of the architecture
of a distributed DECT multi-cell system in which the communication channel is the LAN
backbone (for mobility). But, LAN backbone is not suitable for synchronisation. Hence, over
the air synchronisation has to be used. The synchronisation of the system over the RF spec-

trum is not within the scope of this thesis. It is required in this Research project to:
Design the overall architecture of a distributed multi-cell DECT system

Mobility
o0 Design and implement DECT distributed system with communication using
LAN. The functionalities to be supported are:
Mobility Management
Call-routing
o Configuring the distributed system to achieve mobility
Synchronisation
o Calculation of the values of the important parameters for synchronisation

o Configuring the system to achieve synchronisation

MULTICELL NETWORKS based on DECT/CAT-iq
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Figure 1.5 DECT Distributed System

1.4 DOSCH&AMAND Tools

In order to implement this thesis successfully some of the tools of DOSCH&AMAND are

used.
DECT USB Dongle DA1260S4

DA1260S4 is a DECT module with CAT-ig 2.0 compliance, designed for USB host
systems. It has the capability of a DECT RFP.

Figure 1.6 DA1260S4 [DA 1260S4]

MULTICELL NETWORKS based on DECT/CAT-iq
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DA1251-EVA Evaluation Board
DA1251-EVA is a DECT module with CAT-ig 2.0 compliance. It has the capability of a
DECT RFP. It uses JTAG adapter to flash the firmware into the development board. It

has the capabilities of a PP as well as a FP.

Figure 1.7 DA1251-EVA [DA 1251]

CMBS Application Software
Cordless Module Base Station (CMBS) is a command line application which provides
a multi-line cordless base station in which any cordless relevant issues are handled. It
is easily integrated by using C-APl. GMAKE is used to build the source code. It has
two modules:

o Host Application — runs on the PC

o Target Application — runs on the DECT FP. JTAG is used to download the

firmware and debug interface in the target.

The communication between the host and the target is done using UART or USB.
The data transmitted between the host and target is in tag-length-value (TLV) format.

Entity Length Value

Tag 16 bit value type of tag
Length 16 bit value total length of tag
Value variable the value

Table 1.1 TLV Format

It is possible to transmit the data in only TLV format or via CMBS over TLV (support to

older format).

MULTICELL NETWORKS based on DECT/CAT-iq
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1.5 Related Work

Currently a multi-cell system has been achieved with the use of repeaters which just relays

information from the FP to the PP to increase the coverage area.

DA1270 is a DECT repeater with CAT-ig compliance. The repeater can be used wherever
there is a request to increase the coverage area or to improve reception qualities in remote

areas.

Figure 1.8 DA1270 [DA 1270]

DECT multi-cell architecture is currently achieved using repeaters. In this architecture there
is no end to end communication between FP’s. Hence, communication between the FP’s has

to be designed and developed as said earlier using LAN backbone.
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1.6 Approach

In order to complete this thesis successfully, a complete software development life cycle
(SDLC) has been followed. Hence, the thesis comprises the following phases:
Study Phase
0 Study of DECT System
DECT Stack, layer description and RF Spectrum
MAC Layer — Dummy Bearer, T-MUX channel transmission, Connec-
tion Establishment & Release, PP & FP Locking
NWK Layer — Link Establishment & Release, Mobility Management
DECT Identities
Existing architecture of ASCOM multi-cell system
Synchronisation of multi-cell system
Study of CMBS Software
Analysis Phase
0 possible solutions for the architecture of a multi-cell system
0 possible solutions for configuring the multi-cell system
Design
0 Based on the analysis, select an architecture and design it in detail
Implementation
o Implementing the proposed architecture
Testing
0 Testing the basic functionalities of the architecture

1.7 Roadmap

In chapter 2 an overview of DECT is given. Chapter 3 discusses the multi-cell architecture of
ASCOM. These two chapters cover the study phase of the thesis. Chapter 4 and 5 discusses
the analysis carried out for designing a multi-cell system. Chapter 6 discusses the selected
architecture in detail from the layout point of view and chapter 7 discusses the software de-
sign and how the architecture was implemented. Chapter 8 discusses the tests carried out
and its result. Finally Chapter 9 discusses about the conclusion and the inference from the

thesis and Chapter 10 discusses some possible future aspects of growth.
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2 Important Aspects of DECT System

This chapter provides an insight on some of the important aspects of DECT which are nec-
essary to understand this thesis. Chapter 2 is referred from [JOGE], [ETSI 300 175-2], [ETSI
300 175-5], [ETSI 300 175-6]

2.1 RF Spectrum

A physical channel provides a simplex bit-pipe between two radio end points. To share the
available spectrum amongst many users, the PHL divides the spectrum into many physical
channels. The radio spectrum space has three dimensions:

Geometric (geographic) space; (SDMA)

Frequency; (MC or FDMA)

Time. (TDMA)

Figure 2.1 RF Spectrum of EU [JOGE]

DECT has a total spectrum allocation of 20 MHz, from 1880 MHz to 1900 MHz. in Europe.
That allocation is divided into 10 carriers, each separated by 1.728 MHz. Unlike previous
generations of cordless equipment, in which each cordless set used one randomly chosen
frequency from a pool of permitted frequencies, almost all DECT equipment is capable of

working on any DECT frequency.

The centre frequency of a DECT radio frequency carrier, Fc, is given by:
Fc =1897.344 - ¢ x 1.728 MHz

where, c=0...9

TDMA divides the available spectrum into multiple time slots, by giving each user a time slot

in which they can transmit or receive. Every carrier is divided into 24 time slots and each in-
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dividually accessible and thus can be used for transmission or reception. The transmission
and the reception time slots are parted with a time spacing of 5ms i.e. 12 time slots and
hence TDD. Thus, due to TDMA 12 simultaneous full duplex voice transmission is possible in

one carrier. So, a total of 120 duplex channels are available for DECT.

The radio signals are transmitted in bursts. When a DECT system transmits a burst, it may
do so with a peak power of up to 250 mW. If it transmits during one timeslot out of the 24, the
average RF power is approximately 10 mW. The peak power is more relevant for product
design and propagation planning purposes, while the average value is useful for assessing

battery lifetime.

Over a large area covered by many radio cells, more than one radio cell can reuse the same
frequency in the same time slot as long as the cells are far enough apart so the signal from
one link does not interfere with the other. Hence we are able to reuse spectrum via the con-
cept of space division multiplexing, or frequency reuse, whereby two links can use what we

normally would think of as the same channel.

2.1.1 Modulation Scheme

DECT uses a 1-bit-per-symbol modulation, GFSK with a Bandwidth-Time product of nomi-
nally 0.5. A binary "1" is encoded with a peak frequency deviation of (+f), giving a peak
transmit frequency of (Fc + f), which is greater than the carrier frequency of (Fc). A binary "0"
is encoded with a peak frequency deviation of (-f), giving a peak transmit frequency of (Fc -
f). The nominal peak deviation (f) shall be 288 kHz.

2.1.2 Frame, Slot and Packets

Information is transmitted on DECT at a rate of 1,152 kbps. As already seen one carrier is
divided into 24 full slots and one complete cycle lasts for 10 ms. (11,520 bits) and is called a
frame. 16 such frames (160 ms.) together are called a Multi-frame and a Hyper-frame is 4
secs. which is 25 multi-frames together. The time slots 0...11 are used for downlink (FP to
PP) and 12...23 as uplink (PP to FP). Each transmit slot has a corresponding receive slot,
12 slots later. Each segment of speech or data is transmitted within a data burst called a
packet. Timeslots are intervals during which packets can be transmitted. Different-length
packets are used in the different slot types to provide channels with different bandwidths.

Packets along with the guard intervals form a slot.
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2.1.2.1 Types of Slots

Full-Slot — This is a normal slot which carries 480 bits. Used for normal speech

transmission

Long Slot — This is the extended full slot. It carries 640/672 bits — used in CAT-iq for
wideband voice and data communication

Double-Slot — Two full slots are combined to form a double slot and hence carry 960
bits. They can exist only on even numbered slots due to the TDM structure. For e.g.
used in ISDN.

Blind Slot — The synthesizer is the device that determines to which RF carrier the re-
ceiver is tuned. The rate at which the synthesizer can change channels also deter-
mines whether the transceiver can use all 12 timeslots. The time taken by the synthe-
sizer to settle on the new carrier frequency determines if the receiver can receive on
different carrier frequencies on adjacent timeslots. It is required that RFPs can receive
on at least 6 out of the 12 timeslots and that a portable can lock to any RFP timeslot
and transmit or receive on any frequency on any slot that is not immediately adjacent
to a slot that the portable is using. That means a single-synthesizer system has to be
capable of changing from one radio carrier to any other during, at most, the period of

one timeslot (416.7 ms) and the adjacent slot is the blind slot.

0 1 2 22 23
<480 bits—»
0 2 22
“emnts >
0 2 22

<«+—960 bits——»

«4—480 bits—»
640 bits/

672 bits ( ) Figure 2.2 Types of Slots
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Slot Packet Data Bits Typical Use

Full POO 96 Dummy Bearer

Full P32 420 Normal (32 kbps) speech (ADPCM)
Double P80 900 64 kbps PCM and ISDN

Long P640 640/672 G.722 wideband audio

Table 2.1 Types of Packets

The remaining bits in P32 or P80 are the guard spaces.

2.1.3 Transmission Scheme

Each transmitted packet comprises “start” information, then signalling information, then pay-
load information (e.g., the user’'s speech), and finally some “stop” information. The payload
and the signalling are the useful information, and the start and stop information are the nec-

essary overheads needed to make the system work successfully.

" #3%

&" #$%
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‘0'$

" g

< ><t ><— >

Figure 2.3 DECT Transmission Scheme
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The start information comprises some preamble, which serves to let the receiver warm up
before receiving real data, followed by the synchronization marker. This field marks the be-
ginning of a packet by letting the handset and the base synchronize to each other in each
packet. Both together form the 32 bit S-field. This is added by the PHL to the data packet it
receives from the MAC Layer (D-field).

The D-field comprises the signalling - A-field (64 bits — 48 bits of information and 16 bit CRC
for error detection), the payload — B field (length depends on type of packet), and the X-field
(4 bits) error check. The PHL may optionally duplicate the X-field and calls that the Z-field.
Error-check data (X- and Z- field) and some guard bits together form the stop information.
The error-check data are intended as a means of monitoring the quality of the channel.

Physical channels shall be created by transmitting modulated physical packets on a particu-
lar RF channel, during a particular time in successive frames, at a particular location. Physi-

cal channels shall be set up between a PP and a RFP.

2.2 Identities

Every RFP broadcasts for its purpose a unique identity which contains a globally unique (to a
service provider) Access Rights Identity (ARI) which are used by the portable to determine if
they have access rights to the system. They are fixed and set up by the manufacturers. The
identities are broadcasted on a dummy bearer. Dummy bearer is a bearer which is broad-
casted by the FP for all the PP’s to know its existence and to be able to lock to the FP and

obtain access to it.

Every PP has both a Portable Access Rights Key (PARK) and an International Portable User
Identity (IPUI). These operate as a pair. A PP is allowed to access any RFP which broad-
casts an ARI that can be identified by any of the portable access rights keys of that PP. The
IPUI is used to identify the portable in the domain defined by its related ARI. The IPUI can

either be locally unique or globally unique.

The identities of a system are that of the services offered and not of the system itself. It is
entirely possible to load the same sets of identities into two completely different systems,

provided they both offer the same service.
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Figure 2.4 DECT Identity Structure [ETSI 300 175-6]

The common base for the DECT identity structure is the Access Rights Class (ARC) and Ac-
cess Rights Details (ARD). These need to be known by both the FP and the PPs. In the FP
the ARC and ARD are called ARI, and in the PP they are called Portable Access Rights Key
(PARK). The distinction between PARK and ARI is that each PARK can have a group of
ARDs allocated, PARK{y}. "y" is the value of the PARK length indicator given in the PP sub-
scription process.

ARC: Shows the type of access to a DECT network, such as public, private or residential.

ARD: This number is unique to the service provider or to the equipment (e.g. in the case of
residential and business applications this number is assigned by the manufacturer). Its struc-

ture depends on the ARC.

The ARC and ARD together form the basic identity, the ARI. ARI — It is globally unique to a
service provider and shows the access rights to that service provider. There are 3 types of
ARI.

Primary Access Rights Identity (PARI) — most frequently broadcasted ARI. Along

with the RPN carries information about handover and location areas.

Secondary Access Rights ldentity (SARI)  — broadcasted less frequently. It informs

if a TARI is present or not.
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Tertiary Access Rights Identity (TARI)  — not broadcasted at all. Available upon re-

quest. Its presence is indicated by a bit setting in broadcast message of SARI.

The classification of primary, secondary and tertiary access rights gives the possibility for
operators or system owners to offer their subscribers/users an almost unlimited list of roam-

ing agreements. The ARI can fit into different classes depending upon the services it offers.

Class @ System SARI or TARI
A This class is intended to be used for small residential and private | No

(PBX) single cell FPs and small multi-cell FPs with a maximum of
7 RFPs.

B This access rights class is reserved for more complex private in- | Yes
stallations such as LANs and various types of multi-cell PABXs. In
these environments it is necessary to be able to install new, or
replace old, equipment without changing ARIs or RFPIs. This indi-
cates that ARI B is mainly a system identity that follows a system

and not a specific equipment.

C This ARC is reserved for public access such as 1- and 2-way pub- | Yes

lic access service or local loop.

D This class is reserved for public use where the DECT network is | Yes
directly attached to a 2G or 3G mobile network. The purpose of
this class is to enable DECT users with GSM/UMTS subscriptions
to access their GSM/UMTS network directly via DECT.

E This access rights class is reserved for PP-to-PP direct communi- | No

cation.

Table 2.2 Different ARI Classes

PUT: Defines the numbering plan PUN. Similar to ARI, there are 8 available types named N-

U for different purposes like residential, private, etc.

PUN: Is a locally or globally uniqgue number within one PUT.
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2.2.1  FP Identity

FP identities are used to inform PPs about the identity of a DECT FP and the access rights to
that DECT FP and thereby reduce the number of access attempts from unauthorized port-
ables. A DECT FP broadcasts this information via all its RFPs, at least once per multi-frame.
A PP needs to be able to interpret necessary parts of this broadcast information to detect the

access rights to a system.

One ARI together with radio part number (RPN) which is a unique number assigned to a RFP
forms the radio fixed part identity (RFPI). The ARI embedded in the RFPI is the PARI. The
RFPI has three purposes:

to carry the PARI

to uniquely identify RFPs geographically;

to show domains for handover and location areas.

Figure 2.5 RFPI [ETSI 300 175-6]

E — indicates if a SARI is available — Y/N
RPN — geographical Separation and a change corresponds to Internal Handover do-
main (between two RFP’s in same FP)

PARI — a change corresponds to External Handover domain (between two FP’s)

PP can request the FP for information on PARIs of close by FPs to which external handover
is supported. The information also indicates for each FP if it is synchronized to their own sys-

tem or not.

A Location Area (LA) is defined as x bits of the PARI and RPN part of the RFPI. As soon as
any of these x bits change the PP has entered into a new LA and should do a location up-
date. The x bits are indicated by Location Area Level (LAL) indicator which is submitted on

successful location registration. Default Location Area is the PARI.
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Figure 2.6 LAL [ETSI 300 175-6]

As seen earlier, LAL is submitted to a PP as a result of a successful location registration. The

PP uses the default location area in the absence of a LAL.

2.2.2 PP Identities

PP identities have two main purposes, first to enable a PP to select a valid DECT FP and
second to uniquely identify the PP within that DECT FP. For these purposes there are two
identities defined.

Portable Access Rights Key (PARK{y}) - defines the access rights for a PP where y
denotes the value of the PLI which indicates how many bits out of the ARC+ARD are

relevant. The PLI is programmed into the PP as part of the subscription process.
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Type
N

International Portable User Identity (IPUI) - defines one user in a domain defined
by his access rights. This may be locally or globally unique depending upon the type

of the PUT. At present there are 8 types of IPUI.

Purpose Bits
Residential/default and is globally unique and available in each PP. | 40
Usually used in simple FPs with ARI Class A but may be used oth-

erwise also.

PSTN/ISDN and is globally unique and used in all environments Max.64

Private and is specified by the operator/owner of a DECT FP. In- Max.64
tended to be used for
PABX and LANS.

Private extended and this is a global unique identity which is intended | Max.64
to support roaming between private DECT networks run by the same
owner e.g. bigger companies with IPUI O users can support roaming

of their portables between different sites in different countries

Public/Public access service and is globally unique and intended to Max.100
be used in public environments such as 1-way and 2-way public ac-
cess service or local loop applications. A user with this identity will be

charged via e.g. a public access service account number.

Public/General and is globally unique and similar to IPUI P, except for | Max. 84

that subscribers will be charged via their bank accounts.

Public/General and is globally unique and similar to IPUI P, except for | Max. 84

that subscribers will be charged via their credit card accounts.

Public and is globally unique and contain an IMSI 64

Table 2.3 Types of IPUI

International Portable Equipment Identity (IPEI) — They are globally unique and
shall be embedded into the PPs by the manufacturer. The IPEI can be used by a FP

for check of stolen equipments.

Temporary Portable User Identity (TPUI) — Beside the IPUI it is possible to assign a
shorter, temporary identity to a portable, the TPUI. A TPUI is valid within the domain
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of one location area. The purpose of this is to have an identity suitable for paging. A
PP is fully identified by the chosen ARI and IPUI in the FP.

The IPUI, TPUI and ARI are Network Identities. During PP and FP locking it is the PARI of
the FP and the PARK of the PP that are of importance. A PP can lock to the FP if PLI lengths
of bits are identical out of the PARK and RFPI. The other bits are don’t care bits.

2.2.3 MAC ldentities

Fixed Part MAC ldentity (FMID) : 12 least significant bits of the RFPI and hence same 12 bit
value within a cell. The main usage is to avoid co-channel interference at the initial phase of
call set-up. The FMID is geographically unique for a FP, since the RPN is geographically uni-
gue for a FP.

Portable Part MAC Identity (PMID) : To identify an active PP within an FP and has 20 bits.

PMID can have a default value — some arbitrary number or an assigned value (TPUI).

2.3 Mobility Management

The management of identities, authentication, location updating, on-air subscription and key
allocation are the important tasks of Mobility Management which is located in the NWK

Layer.

2.3.1 Location Procedures

The location procedures are necessary for incoming call provision. They are designed to al-
low the FT to minimize location database accesses in the event that duplicated or redundant

messages are received from a PT.
Three location procedures are defined:

Location registration procedure for locating and attaching;
Detach procedure for detaching;
Location update procedure which is used by the FT to request from the PT to perform

location updating, e.g. after location areas have been rearranged.
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2.3.1.1 Location Registration or Attach

The location registration procedure is used to indicate to the FT where the PT is located in
terms of location areas, where a location area consists of part of one or several DECT sys-
tems. The location registration procedure is based on the IPUI and is only carried out with

respect to the IPUI that is active at the time.

PT_IWU PT_NWK FT_NWK FT_IWU
| MM_LOCATE-req | {LOCATE- } | MM_LOCATE-ind |
: > > ”‘
| 1 | }
I I ] I
} MM_LOCATE—cfm } {LOCATE- } }MM_LOCATE- "aCCept"\
N K < !
; ! OR 1 1

I
i MM_LOCATE-cfm 3 {LOCATE-REJECT} ' MM LOCATE- "reject’
1 1 1 1
I I 1 I
] ] I ]
| 1 | }
| MM_ _ASSIGN- "accept" | { - -ASSIGN-ACK} | MM_ _ASSIGN-cfm |
I I 1 \‘\
| | I |
i i OR i i
I I I I
| MM_ _ASSIGN- "reject’ | { - -ASSIGN-REJ} | MM_ _ASSIGN-cfm |
L N N N
| | [} |
I I l I

Figure 2.7 Location Registration

Mandatory Information Elements in {LOCATE-REQUEST}
<<PORTABLE-IDENTITY>> containing IPUI or TPUI (if indicated in previous location
registration process). If an assigned individual TPUI is used, the FT and/or an associ-
ated network may be unable to determine the identity of the PT, then a {LOCATE-
REJECT} message with the reject reason is sent. In this situation the PT shall re-

attempt the location registration procedure using the IPUI.

Optional Information Elements in {LOCATE-REQUEST}
If location area is changed then, <<FIXED-IDENTITY>> with old ARI and <<LOCA-
TION-AREA>> with old LAL is included
If PP has a network assigned identity then, <<NWK-ASSIGNED-IDENTITY>> is
transmitted
<<CIPHER-INFO>>
<<SETUP-CAPABILITY>>
<<TERMINAL-CAPABILITY>>
<<IWU-TO-IWU>>
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After sending the {LOCATE-REQUEST} message, the timer <MM_Locate.1> is started.
Mandatory Information Elements in {LOCATE-ACCEPT}
<<LOCATION-AREA>> containing LAL
<<PORTABLE-IDENTITY>> containing newly assigned TPUI. If FT does not want to
assign TPUI then it has zero length contents and PT shall use currently assigned

TPUI or default TPUI if it was never assigned.

Optional Information Elements in {LOCATE-ACCEPT}
<<NWK-ASSIGNED-IDENTITY>>
<<SETUP-CAPABILITY>>
<<USE TPUI>> if FT can handle call setup attempts using TPUI
<<DURATION>> which denotes how long the location registration and temporary
identities are valid
If a TPUI or NWK assigned identity is included, then the {LOCATE-ACCEPT} message is
used to start the procedure for temporary identity assignment. FT starts the timer
<MM _ident.1>.

Optional Information Elements in {LOCATE-REJECT}
<<REJECT-REASON>>
<<DURATION>> denotes the time limit during which the PT cannot initiate a location

registration procedure.

Upon receiving the {LOCATE-ACCEPT} or {LOCATE-REJECT} message, the PT stops the
<MM_locate.1> timer. The PT issues a MM_LOCATE-cfm primitive. If a correct {LOCATE-
ACCEPT} message has been received, the PP shall consider the location registration as
successful and shall store the received location information. If the {LOCATE-ACCEPT} mes-
sage contains a TPUI or/and a network assigned identity, then the PP shall consider this as a
temporary identity assignment, and shall respond according to the identity assignment crite-

ria.

On receipt of a {TEMPORARY-IDENTITY-ASSIGN-ACK} message or a {TEMPORARY-
IDENTITY-ASSIGN-REJ} message the FT stops the timer <MM _ident.1>.
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At the first expiry of timer <MM_locate.1> the PT should retransmit the {LOCATE-REQUEST}
message. If the timer expires a second time, the PT shall abort the procedure. The timer may
be restarted by the FT at any time by sending a <<TIMER-RESTART>> information element
in a {MM-NOTIFY} message.

Location registration without changing the location area is referred to as "attach". Therefore

the procedure for attach is the same as for location registration.

2.3.1.2 Detach

Detach is the process whereby a PT informs the FT that it is not ready to receive incoming

calls.

PT_IWU PT_NWK ET_NWK ET_IWU

MM_DETACH-req ! {DETACH} MM_DETACH-ind

P74

Figure 2.8 Detach

Mandatory Information Elements in {DETACH}
<<PORTABLE-IDENTITY>> containing IPUIl or TPUI

Optional Information Elements in {DETACH}
<<NWK-ASSIGNED-IDENTITY>>
<<IWU-TO-IWU>>

2.3.1.3 Location Update

Location update is used by the FT to inform the PT of a modification of the location areas.

PT_IWU PT_NWK FT_NWK ET_IWU
MM_INFO-req ‘ {MM-INFO- } ‘ MM_INFO-ind

N

Figure 2.9 Location Update

Mandatory Information Elements in {MM-INFO-SUGGEST}
<<INFO-TYPE>> with parameter type as:
0 “locate suggest”

0 “access rights modify suggest” — for modification of access rights

Optional Information Elements in {MM-INFO-SUGGEST}
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<<IWU-TO-IWU>>
On receipt of the message PT initiates a location registration procedure as described in
chapter 2.3.1.1.

2.3.2  Access Rights

Three procedures are defined, one for obtaining the access rights, one for terminating the
access rights and one for modifying the access rights.

The procedure for obtaining the access rights is used to load down the IPUI and the PARK to
the PT. Other service specific information may also be transferred during this procedure. This

is stored at the handset or/and at the base for later retrieval by the system.

The procedure for terminating the access rights is used to remove a specific IPUI and all in-
formation which is related to this IPUI from the PT and from the FT or to remove a PARK

from the PT and the related access rights information from the FT.

The procedure for modifying the access rights is used to change IPUI or PARK or PLI in the

PT without user intervention.

2.3.2.1 Obtaining Access Rights

The procedure for obtaining the access rights is used to load the IPUI, the PARK and other

service specific information into the PT.

The PT can then use the knowledge to:
Gain access to the system and make calls;

Recognize the system in order to receive calls.

The FT can then use the knowledge to:
Validate service requests from the PT;
Allow certain classes of service; and

Recognize calls for valid PTs in order to route calls to them.

MULTICELL NETWORKS based on DECT/CAT-iq



Publication
DCT-005-2011-DAR

I

TECHNICAL LECTURE RESEARCH PUBLICATIONS
PT_IWU PT_NWK ET_NWK ET_IWU

3 MM _ -req 3 { } 3 MM_ _ -ind 3

i MM_ - cfm i { - - } i MM_ _ - "accept" i

| | OR |

i MM_ _ cfm i i

|
|
{ - - P MM_ - "reject"
|
|
|
|
|

Figure 2.10 Obtaining Access Rights

Upon sending the {ACCESS_RIGHTS_REQUEST} message, the PT starts the timer

<MM_access.1>.

Mandatory Information Elements in {ACCESS-RIGHTS-REQUEST}
<<PORTABLE-IDENTITY>> containing IPUI.

Optional Information Elements in {ACCESS-RIGHTS-REQUEST}
<<AUTH-TYPE>>
<<CIPHER-INFO>>
<<SETUP-CAPABILITY>>
<<TERMINAL-CAPABILITY>>
<<IWU-TO-IWU>>

Mandatory Information Elements in {ACCESS-RIGHTS-ACCEPT}
<<PORTABLE-IDENTITY>> containing IPUI
<<FIXED-IDENTITY>> with PARK

Optional Information Elements in {ACCESS-RIGHTS-ACCEPT}
List of other PARK'’s
<<LOCATION-AREA>> with LAL
<<AUTH-TYPE>> indicating the authentication algorithm and key
<<CIPHER-INFO>> indicating cipher algorithm
<<SETUP-CAPABILITY>>
<<ZAP-FIELD>>
<<SERVICE-CLASS>>
<<IWU-TO-IWU>>
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Optional Information Elements in {ACCESS-RIGHTS-REJECT}
<<REJECT-REASON>>
<<DURATION>> - time duration before which the PT shall not initiate the procedure

in this location

Upon receipt of the {ACCESS-RIGHTS-ACCEPT} message or the {ACCESS-RIGHTS-
REJECT} message the PT shall stop the timer <MM_access.1>. If an {ACCESS-RIGHTS-
ACCEPT} message has been received the PT shall store the received information.

Similar to location registration procedure, at the first expiry of timer <MM_access.1> the PT
should retransmit the {ACCESS-RIGHTS-REQUEST} message. If the timer expires a second
time the PT shall abort the procedure.

2.3.2.2 Termination of Access Rights

The procedure for terminating the access rights is used to remove a specific IPUI and all in-
formation which is related to this IPUI from the PT and FT. It is possible to terminate the ac-

cess rights either by the PT or FT.

The PT is then unable to:
Gain access to the system and make calls;

Recognize the system in order to receive calls.
The FT is then unable to:

Validate service requests from the PT and allow certain classes of service;

Recognize calls for valid PTs in order to route calls to them.

PT_IWU PT_NWK ET_NWK FT_IWU
|

| MM_ACCESS_RIGHTS_TERMINATE-req | {ACCESS-RIGHTS-TERMINATE-REQUEST} | MM_ACCESS_RIGHTS_TERMINATE-ind

i I ; >

I I I I

| MM_ACCESS_RIGHTS-cfm | {ACCESS-RIGHTS-TERMINATE-ACCEPT) | \m_ACCESS_RIGHTS_ TERMINATE- raccept’|
!

] | OR i |

! MM_ACCESS_RIGHTS-cfm | {ACCESS-RIGHTS-TERMINATE-REJECT) | pm_ACCESS. RIGHTS_TERMINATE- rejoct” |

Figure 2.11 Termination of Access Rights
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Mandatory Information Elements in {ACCESS-RIGHTS-TERMINATE-REQUEST}
<<PORTABLE-IDENTITY>> containing IPUI.

Optional Information Elements in {ACCESS-RIGHTS-TERMINATE-REQUEST}
<<FIXED-IDENTITY>> with PARK
<<IWU-TO-IWU>>

Upon sending the {ACCESS-RIGHTS-TERMINATE-REQUEST} message, the timer

<MM_access.2> is started.

Optional Information Elements in {ACCESS-RIGHTS-TERMINATE-REJECT}
<<REJECT-REASON>>
<<DURATION>> - time duration during which the request cannot be sent again to the
same FT

At the first expiry of timer <MM_access.2> the PT should retransmit the {ACCESS-RIGHTS-

TERMINATE-REQUEST} message. If the timer expires a second time the PT shall abort the

procedure.
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2.4 Synchronisation

2.4.1 Reasons for Synchronization:

Increase traffic capacity.
Decrease the number of forced handovers.

Provide handover between RFPs.

2.4.1.1 Increasing traffic capacity

PPs located in regions covered by one or more RFP must search for an unused time slot in a
frame if they want to communicate with a RFP. If frames from different RFPs are not aligned,

a used time slot on a RFP may mean two used time slot on another RFP.

Figure 2.12 Capacity decrease due to unalligned fra me [RACHID]

Aligning the start of frames from different RFPs is required to solve this problem. This is
known as Class 1 synchronization which is intended for increased traffic capacity of adjacent

systems by aligning guard bands. This class provides frame synchronization.

2.4.1.2 Decreasing the number of Forced Handovers

When alignment of frames from different RFP does not take place, there will be a time differ-
ence between the start of frames of different RFPs. This means that when a RFP uses a par-
ticular time slot n it is possible that a used time slot m from another RFP shift into time slot n

forcing both RFPs to perform a handover to an unused slot.
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Figure 2.13 Forced Handover due to sliding frame [R ~ ACHID]
Synchronising the reference timer solves this problem.

2.4.1.3 Providing Handovers between RFPs

Class 2 synchronization is intended for the case when handover has to be provided between

RFPs. This class provides frame synchronization and Multiframe synchronization.
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2.4.2  Frame Synchronization

Figure 2.14 Frame Synchronozation [RACHID]

Frame synchronization means that the time difference between the start of frames from dif-
ferent RFPs is bound. If the start of frames is synchronized the slots and slot numbers are

also synchronized.

2.4.3  Frame Number Synchronization

Every frame sent by a RFP has a 28 bits frame number.

2.4.3.1 Multiframe Synchronization

When a PP wants to initiate a seamless handover from one RFP to another, it must also be
Multiframe synchronized with the RFP it wants to be connected with after the seamless
handover. In order to make it possible for a PP to be Multiframe synchronized with all RFP,

all RFPs must be Multiframe synchronized with each other.
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Figure 2.15 Multiframe Synchronisation [RACHID]

Multiframe synchronization means that the four Least Significant Bits (LSB) of the frame

numbers (each frame has a 28 bit frame number) of frames from different RFPs have to be

equal.

2.4.3.2 Multiframe Number Synchronization

This is optional and is necessary only for encryption. With Multiframe number synchroniza-

tion, 24 MSBs of the 28 bits of a frame number have to be equal.
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Figure 2.16 Multiframe Number Synchronization [RACH  ID]

2.4.3.3 PSCN Synchronization

Every DECT frame, RFPs scan the Air Interface during the uplink period for the presence of
a bearer request made by a portable. Each frame a new carrier frequency (from the set of
allowed carrier frequencies) is scanned. The carrier frequency that will be used during the
next frame is given by the Primary Scan Carrier Number (PSCN). A PP that wants to have a
connection set-up with a RFP must know the PSCN of that RFP. As a result the PP can
place a bearer request at the carrier frequency that will be scanned by that RFP during the
next frame. Otherwise a PP may place a bearer request on a frequency that is just scanned,
which means that the RFP will not see the portable. When a PP knows the PSCN of a RFP,
we say that the PP is PSCN synchronized with that RFP.
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When a PP wants to initiate a seamless handover from one RFP to another, it must also
know the PSCN of the RFP it wants to move to. This means that the PP must also be PSCN
synchronized with the RFP it wants to be connected with after the seamless handover. In
order to make it possible for a PP to be PSCN synchronized with all RFP, all RFPs must be
PSCN synchronized with each other.

2.4.4  Synchronization Architecture

. L (@)
The intra-system synchronization
network is receiving its synchronization
signal from one master RFP. This master ()

RFP can autonomously produce a

-

synchronization signal when inter-system

synchronization is not needed. In this

case there is only intra-system

synchronization.

Lv
—~

When seamless handover between

different DECT systems is needed, inter-

()

system synchronization is needed. For

this purpose an overall synchronization

network is used to synchronize the intra-

system synchronization networks via the

master RFPs. The inter-system

L/\
~—r
N~

synchronization network can get its pulse (@)
(@)

from a global time source (e.g. GPS

receiver), or from a master RFP which

.

will then be master of a higher

synchronization level.

Figure 2.17 Synchronization Architecture [RACHID, modified]

We also see that the intra-system synchronization network is a LAN. This is a possible im-
plementation but is not the only possibility. Intra-system synchronization networks can cover
more than one LAN and in the same way a LAN can cover more than one intra-system syn-

chronization network.
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2.4.5 Over the Air Synchronisation

Synchronisation is also possible via the DECT Air Interface. Using the DECT Air Interface we
can use the RFPs to distribute the synchronization signal, in such a way that every RFP lis-

tens to the surrounding RFPs in order to get synchronized with a specific RFP.

Figure 2.18 Over the Air Synchronization [RACHID]

Each RFP is within the sync range of at least one other RFP. By letting one RFP act as mas-
ter RFP (RFP1 is an example), in which that RFP uses its own clock as a master clock, or
extract its clock from another timing source, synchronization can be performed by telling

each RFP with which RFP it has to synchronize.
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A possible synchronization sequence for the system is:

Figure 2.19 Sample Synchronisation Sequence [RACHID ]

Cover radius: the radius of the circle, around a particular RFP, in which PPs can communi-

cate with that RFP at the minimum Bit Error Rate.

Sync radius: the radius of the circle, around a particular RFP, in which other RFPs lose syn-

chronization with that RFP.
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3 Multi-Cell IP-DECT System

This chapter discusses about the architecture of an ASCOM multi-cell System. [TD
92375GB] and [JOGE]

3.1 Architecture

3.1.1 Simple Multi-Cell System

Figure 3.1 Simple Multi-Cell System [JOGE]

Multiple radio cells are important to provide continuous coverage over a wide area. For fur-
ther discussions on the architecture the ASCOM IP-DECT System is considered. The Ascom
IP-DECT system is connected via one or several IP-PBXs to the PSTN. The Ascom IP-DECT
systems have a modular structure that can be modelled as a number of network entities. The
network entities defined are:
Pari Master : This software component is responsible for assigning RFPIs, being part
of the same external handover domain, to the Radios associated. A Radio will always

be given the same RFPI, based on the RFPI-mac-address association.
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Mobility Master : Support for finding home location information.

Master: A Master is responsible for the DECT PPs that are assigned to it. When the
Master has been notified about that a PP is within coverage it makes a registration to
the IP-PBX. This registration is maintained by the Master until a notification is re-

ceived that the PP’s access rights have been terminated or the PP has detached.

Radio: The Radio is a software interface between DECT and H.323.
3.1.2 Multi-Cell System Layout

3.1.2.1 Single Master System

Figure 3.2 Single Master System [TD 92375GB]

This layout may be used for customers with a single site installation.
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3.1.2.2 Multiple Master System

Figure 3.3 Multi Master System [TD 92375GB]

This layout may be used for customers with a large single site installation. Load must be dis-
tributed over a number of Masters to be able to cope with the load generated from a large
number of PPs. It will be possible to do roaming and handover between all RFPs. Several
Masters are logically connected directly to one or several IP-PBXs. A Master makes registra-
tions to the IP-PBX for the respective PP within coverage. After registration of a Master to the
IP-PBX for a PP, all in- and outgoing speech calls will be routed directly to this Master. In a
single site installation one or several of the DECT IP-Base Station (IPBS) will have an active
Master software component, only one of the Masters will have an active Pari Master, and one
IPBS will have an active Mobility Master Software component, and optionally have an active

Radio. All others will only have the software component Radio, active.

Thus, depending upon the load i.e. number of parallel calls and number of active calls a
multi-cell DECT can be designed. The architecture implemented in this thesis is discussed in

the following chapters.
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4 Possible Solutions to the Architecture of a Multi -Cell System

4.1 Different Types of Master System

This chapter will discuss about the possible solutions to designing a multi-cell system. An

overview on the advantages and disadvantages of the possible solutions is discussed.

As already seen in chapter 3.1.2 it is possible to design a single- as well as a multiple-master
system. It is possible to convert from a single- to a multiple-master system and vice versa as

it is software based.

Important functionalities of a master are Over the Air Synchronisation and Mobility Manage-
ment. As already seen in chapter 2.4.1, synchronisation is necessary for providing a large
coverage area through seamless handover. This task is done by the Synchronisation Master
(hereafter referred to as sync-master). The client RFPs can lock to the sync-master if they
have the correct identity (RFPI). The client RFP should be aware of the RFPI and the PLI of
the sync-master. We have seen in chapter 2.2.1 that the RFPI carries the PARK which is
necessary for the locking procedure. The PLI is necessary so that the client RFP can lock not
only to the sync-master but it is also possible to lock to other client RFPs which are synchro-

nised to the sync-master. More details on this are described in chapter 5.1.

The main function of the Mobility Master (hereafter referred to as mob-master) is to provide
PP and FP registration and hence to provide a successful access to the FP. This is neces-

sary for finding home location information of a handset by the clients.

4.1.1  Single Master System

Similar to the Single Master System seen earlier, in this also, the functionality of a sync-
master and the mob-master is done by the same component. This design is suitable for a

small scale system.

4.1.2 Two Master System

In a Two Master System the functionality of a sync-master and the mob-master is done by

different components. This system is suitable for a large scale system.
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4.1.3 Multiple Master System

It is possible that there exists one sync-master and multiple mob-masters. In this case, the
entire client FPs handles the registration process independently i.e. each client acts as mob-
master as well. This architecture is not suitable for any type of network as it is very insecure.
If all 256 RFPs are open to registration simultaneously then it is difficult to identify the loca-

tion of a PP i.e. to which system it is registered.

4.2 Communication between Mobility Master and Clien. t

in Multi-Cell System

In this chapter a discussion is made on the possible solutions for establishing a communica-
tion between the mob-master and client irrespective of a single- or a multiple- master layout.
The communication between the mob-master and the client is necessary to obtain the loca-
tion of a PP. This communication can be done in two ways:

usB

IP

Clearly communication via the IP is a preferred way of communication rather than USB for
the following reasons:
IP is more reliable than USB for networking.
Ethernet can cover a longer distance. USB cables have shorter length as it is meant
for local access only.
USB communication is only wired. But, in IP it is also possible to configure a wireless

router and establish a wireless communication.

4.2.1 Communication via IP

As it is clear communication via IP-backbone using Ethernet/Wi-Fi is preferred, there are
various protocols which could be used for transmitting data from one system to the other.
Internet Group Management Protocol (IGMP)
User Datagram Protocol (UDP)
Real-Time Transport Protocol (RTP)

Transmission Control Protocol (TCP)
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42.1.1 IGMP

This communication protocol can be used only for multicast datagram delivery. Between a
client and mob-master the communication is not always multicast. A one to one communica-
tion is most common as a PP can be located to only one client at an instance. Hence, IGMP

is not suited for this sort of communication.

42.1.2 UDP

This communication protocol provides connectionless communication among application
programs. There is no confirmation if data has been sent successfully to the remote machine.
Some of the features of UDP are listed below.

Faster and real-time data transmission

Lacks reliability as there is no confirmation if a data is sent to the remote.

Data lost can never be retrieved back.

Data sent and received may not be in the same order i.e. data can be delivered out of

order

As, there is no security involved it is not advisable to use UDP. Also, UDP is best suited for

real time audio and video transmissions.

42.1.3 RTP

Similar to UDP, thisis.used for transporting real time data like audio and video. Synchronisa-
tion is offered via sequence-numbering and time stamping.

Faster and real-time data transmission

Reliable

Error detection

This is best suited for real-time transport of continuously streamed data.

4214 TCP

This communication protocol provides connection oriented communication among application
programs.

Reliable end-to-end stream service

Time-out with retransmission is used to achieve reliability

Works correctly even if datagram’s are lost, delayed or delivered out of order.

It is easier to maintain a track of the systems connected to the master.

Slower compared to UDP.
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In order to avoid constant connection re-establishments and to retain the communication link
between the mob-master and client at all instance, the connection between them is retained
till the application is running. In order to retain this connection, data packets are transmitted
at specific time intervals (socket keep-alive intervals). More details about this are given in the

following chapters.

4.3 Overall Architecture of a Multi-cell System

With the discussions carried out so far, Figure 4.1 shows the overall architecture for a distrib-
uted system. This architecture is enhanced further with some more additional features. The

necessity and importance of each is discussed in the chapters following them.

In the architecture shown the mob-master and sync-master are shown separately. For a
small scale system as discussed in the previous chapters it is possible to have both the mas-
ter's in one component. Communication between mob-master and clients is via TCP/IP and
that between sync-master and clients is over the air. All communication to and from the client
is done via the mob-master. For e.g. in case of an incoming call it is the mob-master which
routes the call to the client where the PP is located, thereby establishing a successful link
between the FP and PP.

The client must know the RFPI of the sync-master to be able to lock to the sync-master and
know the PLI so that the clients can lock directly to the sync-master (if PLI is 40) or to other
clients (if PLI < 40) which are synchronised to the sync-master. For e.g. in the figure below
client N is synchronised to client 2 which in turn is synchronised to the client 1. Since, the

client 1 is synchronised to the sync-master all the clients are synchronous to each other.

It is possible that the mob-master acts as a client to the sync-master and is synchronised to
the system and the sync-master acts as a client to the mob-master for routing information of
the PP located currently to the sync-master. This option is present to increase the coverage
area and to provide a more flexible system. The mob-master holds a database (called
dect.db) which has a list of all the PPs registered to the multi-cell system. The dect.db holds
the IPEI, the user authentication code, the type of profile like GAP or CAT-iq etc., codec type
like G.722, G.711, etc. This can be seen as the HLR for the multi-cell system.
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Figure 4.1 Importance of mob-master and sync-master

4.3.1 The Routing Table

In order to know the location of the PP it is necessary to add another table along with
dect.db. This is called the routing table (RT). This with respect to the DECT Reference Model
can be seen as the VLR. The RT is a look up table which is present in the mob-master as
well as its clients. It is necessary to replicate the RT to the clients as well. During handover
the mob-master/client can look up in its RT the IP Address of the received PMID and request
the corresponding component in which the PP is located to transmit all the NWK Layer Call

Control information.
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With these things in mind, the RT holds the following information:

IPEI — As already seen in chapter 2.2.2 this identifies a PP uniquely and hence is

necessary to identify the location of the PP.

Portable ID — The Portable ID is the index of the PP in the dect.db. This is assigned
to the PP during registration by the mob-master and is used to identify the PP in the
FP hereafter i.e. for example during call establishment the IPEI is not used again, the
Portable ID is used. The Portable ID is always the Handset Number (HN) — 1 as HN
cannot be zero based. Hence, this can be used to identify all active PP’s in a cell.

IP Address — This is necessary to identify the location of a PP in the multi-cell system

so that the information can be routed to the specific client.

DLEI — This field is used only during location update by the client to identify the re-

sponse packet from the mob-master. The importance of this is explained later.

PMID — As seen earlier, the importance of the PMID is during connection handover.
When the client gets a handover request with the PMID, it looks up in its RT the IP
Address of the received PMID and request the corresponding client in which the

PMID is located to transmit all the NWK Layer Call Control information.
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The figure describes the modified architecture with the RT.

Figure 4.2 Importance of Routing Table

The RT in the sync-master is optional as the communication between the sync-master and

the mob-master is also optional.
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4.3.2 Replication of Routing Table

It is the responsibility of the mob-master to replicate the RT throughout the system as clients
do not communicate with each other and communicate only with the mob-master. The mas-
ter can inform the clients via various routing schemes:
Unicast — This is the process of sending of messages to a single network destination.
It is the process of sending private messages to a destination. Since RT has to be

updated to all the clients, it is an overhead to send it on a one to one basis.

Broadcast — This is a method to transfer messages to all the nodes in the network.
This is very insecure and leads to data wastage as the nodes which are not desired to

receive the message would also receive it.

Multicast — Like broadcast even in this data is sent to more than one recipient. But,
unlike broadcast it is not transmitted to all the.nodes in the network. It is only transmit-

ted to the ones in a specific multicast group.

As the RT is intended only for the clients connected to the mob-master a broadcast is not a
good choice and hence the information is sent as a multicast over the network to all the cli-

ents connected to the mob-master at that instance.
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5 Possible Solutions to Configuring a Multi-Cell Sy  stem

In order to establish a successful multi-cell system the clients and both the masters (mob-

master and sync-master) have to be configured to perform their specific task.

5.1 Important Parameters to configure a Multi-cell System

Following information’s are required by the clients to establish successful communication link
with the mob-master:
IP Address — This is necessary to identify the location of a mob-master in the multi-
cell system so that the client can establish a successful connection with the mob-

master.

Port Number — The port number as already known is a way to multiplex the IP Ad-
dress. In order to establish a connection, the client has to know in which port the

mob-master is listening to.

Once the above mentioned information’s are known, the client can establish a successful

communication link with the mob-master and be a part of the multi-cell system

A client RFP has to lock to sync-master to achieve over the air (OTA) synchronisation. For
this the PARI is required. The information’s required for the client to lock to the sync-master
are:
RFPI — As already seen in chapter 2.2.1 RFPI is necessary to identify a RFP in a sys-
tem. We know that for locking, the PARI of the FP and PARK of the PP is required.
For a multi-cell system to be OTA synchronised, the client RFP’s have to lock them-
selves to the sync-master. Since the RFPI carries the PARI, the RFPI of the sync-

master.isrequired to successfully complete the locking procedure.

PLI — It was seen in chapter 2.2.2 that PLI is necessary to identify the number of bits
which are relevant, in our case the RFPI. If, PLI is 40 then the client RFP can lock
only to the sync-master as all the 40 bits have to be equal. This is direct synchronisa-

tion.
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5.2

If a value less than 40 is given for e.g. 28, then it is possible for the client RFP to lock
to any other client RFP if the first 28 bits are equal. The remaining 12 bits of the RFPI
are don'’t care bits. In this case, the client RFP is synchronised to the sync-master in-
directly. It should be ensured that the other client RFPs to which a locking is possible

are synchronous to the sync-master directly or indirectly.

File Format

In order to provide the configurable parameters the format of the data-has to be analysed.

Most common formats are:

Command Line — In this case all the parameters haveto be passed as command line

arguments. This is an overhead to start up 256 FP's.

TXT — A normal .txt file could be used with some special tokens as delimiters to de-

note the end of a value. For e.g. “;” could be used as a delimiter:

Mobility Master
IP Address;Port
10.1.99.29;23

Sync Master
RFPI;PLI
0013660950;40

CSV — CSV files contain data as comma separated values. The above mentioned pa-

rameters could be placed like this:

Mobility Master
IP Address,Port
10.1.99.29,23

Sync Master
RFPI,PLI
0013660950,40
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XML — XML files contain data represented in a hierarchical structure. The above men-

tioned parameters could be placed like this:

<ConfigureMulticell>

<MobilityMaster>
<ip>10.1.99.29</ip>
<port>32000</port>

</MobilityMaster>

<SyncMaster>
<rfpi>0013660950</rfpi>
<pli>40</pli>

</SyncMaster>

</ConfigureMulticell>

Clearly it's visible that XML files have an advantage over CSV or TXT files as:
XML is state of the art
It looks more structured and readable
Easily extendable to add further parameters as they have self describing tags
CSV files are least versatile as homemade parsers are required whereas XML pars-
ers are available which can be used to extract data
Most browsers have built in XML parsers

Database information exchange uses XML

5.3 Obtaining the file

In order to obtain the xml files with the configurable parameters, there exists various numbers
of possibilities. [FILE TRANS]
Locally —It is possible to place the xml files locally along with the application. In this
case the xml files may not be identical and it is difficult for the administrator to main-
tain and monitor the system. Also, if any changes have to be made it has to be up-

dated manually in each of the system.

SMTP — Transmitting the file over the internet via mail service. This is not a secure

medium of file transmission.
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FTP — This is a medium to transfer files from a server to a system reliably and effi-
ciently. This is insecure as it does not ensure that the machine on the other end of the

FTP connection is the one who it claims to be.

HTTPS — This is the process to transfer hypertext documents between a web server
and a web browser over a Secure Socket Layer. The data between the two is en-
crypted. The disadvantage of this being a separate web server is required that has

been configured to handle file transfers.

SFTP — This is a very secure way of obtaining the configuration file.in which the ap-
plication uses SSH to encrypt entire file transfer process. It provides an interactive in-

terface which is similar to that of FTP.

DHCP — The client broadcasts messages to discover the IP address of the available
server where the configuration file is located. Once it receives the IP address of the

provisioning server, it acquires the file from the server.

SNMP — SNMP could be used to manage and acquire the configuration files. The
mob-master being the SNMP manager and the clients being the SNMP Agent. The
advantage being this can be used not just to acquire the configuration files but can
also be used in future to monitor the clients. The drawback in this being files greater
than 64KB cannot be transmitted as it uses UDP for communication. Also, as it is
UDP it is not reliable.

UPnP — When the client is connected to the network, it can automatically establish
working configurations with other devices. The client can self-configure using XML
files and no manual configuration is required. This minimises the work of the adminis-

trator.

The above mentioned are the possibilities to configure a client-server system. UPnP uses
XML files for self configuration and hence seems to be a good choice for configuration. In this
research project the configuration files are placed locally along with the host application. The

architecture implemented in this thesis is similar to the one shown below.
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As expected, the configuration file is optional for sync-master as the communication between

the sync-master and mob-master is as already known optional.

xml

1<=N <=256

Figure 5.1 Configuring the Distributed System
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6 Setup

In chapter 4 and chapter 5 we discussed the various possibilities of designing and configur-
ing a multi-cell system. The architecture designed in this thesis is:
Client-Server Architecture with communication via IP Socket
There exist two masters: mob-master (for registration) and sync-master (for OTA syn-
chronisation).
TCP is used to send data between client and mob-master
TCP connection is retained as long as the client is alive and for this socket keep-alive
packets are sent by the application layer periodically.
Registration is possible only in mob-master and all registered PP are listed in dect.db
It is possible to have both mob-master and sync-master in one system
There is a separate RT which holds the location of every PP registered to that system
Roaming and handover is possible within the synchronous multi-cell system
All messages to and from the clients is handled by the mob-master e.g. call routing,
location update
Configuration of the multi-cell system is done via xml files placed locally along with

the application

In order to implement this architecture, the existing CMBS application of DOSCH&AMAND

has been used. More detail on this tool is explained in chapter 1.4.

6.1 Single-Cell System

Thesetup of the existing CMBS tool is given by:

Note:

Dect.db

Figure 6.1 Setup of a Single-Cell System
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The CMBS Host application (referred as host hereafter) runs on the PC and communicates
with the CMBS target application (referred as target hereafter) running on the DECT FP via
USB. The dect.db which stores the list of all PP registered to the FP is accessible only by the

host application. The structure of the dect.db has already been described in section 4.3.

6.2 Multi-Cell System

For a multi-cell system the setup is a combination of Figure 6.1 and the one seen in Figure
5.1 i.e. the communication between the clients is via IP and that between the host and the
target is via USB. So, the architecture included in this thesis is the communication between

the hosts and managing the TLV packets received from the other hosts (client or mob-

@

Dect.db

master).

-Fi

Figure 6.2 Setup of a Multi-Cell System
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6.3 Components

In this Research project, the setup in Figure 6.2 is designed and implemented. For this there
are some important components:
Client Target (CT) —client FP in which the CMBS Target Application is running.
Client RFP (CRFP) — client RFP
Client Host (CH) — CMBS Host Application which is running on a computer and con-
nected to the CT via the USB.
Mob-Master Target (MMT) — mob-master FP in which the CMBS Target Application
is running
Mob-Master RFP (MMRFP) — mob-master RFP
Mob-Master Host (MMH) — CMBS Host Application which is running on a computer
and connected to the MMT via the USB.
Sync-Master Target (SMT) — sync-master FP in which the CMBS Target Application
is running
Sync-Master RFP (SMRFP) — sync-master RFP
Sync-Master Host (SMH) — CMBS Host Application which is running on a computer
and connected to the SMT via the USB.

The hardware schematic of all the FPs (client, mob-master, and sync-master) is identical.
It is only the software that differs and makes the corresponding component to act as a

master or a client.
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7 Software Design and Implementation

The implementation is carried out using the CMBS application tool. As described in chapter
1.4, CMBS is a command line application and uses C-API. The software is implemented for
both TLV as well as CMBS over TLV mode.

7.1 Single-Cell System

At start up the of host performs a series of steps to establish a successful communi-

cation with the target.

TN

USB

@ -

Figure 7.1 Software Design of a Single-Cell System

A

Host creates two threads, a COM Listener (hereafter referred to as com-listener) for receiving
and sending TLV packets from and to the target via the USB port and a Response Handler
(hereafter referred to as handler) thread for handling the TLV packets received from the tar-

get and to prepare the TLV packet to send the response back to the target.

The communication between the two threads is event driven i.e. the com-listener captures
the TLV packet and triggers the handler of an incoming packet. The handler then performs
the desired task based on the received TLV and if required accesses the dect.db to add, edit

or read the PP information from the database.
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7.2 Multi-Cell System

Clearly from the multi-cell system setup (chapter 6.2), the host can receive TLV packets not
only from the target but also from the remote host (mob-master in case of a client and vice
versa). The software is designed in object oriented style though written in C i.e. structure
members are accessed via functions for encapsulation. The software can run in both Win-
dows and Linux. Some of the external libraries used in this thesis are “Ws2_32.lib” for Win-
dows platform and “libxml2.lib” for both Windows and Linux. C++ cannot be used though the
code demands object oriented style of programming as then the size of the program would
be bigger than the one generated using C and then it cannot be used in embedded platforms.
The host application differs between the mob-master and the clients. The following sections

cover detailed description of each of them.
7.2.1  Mobility Master

7.2.1.1 Software Design

Clearly as the CH connect to the MMH to be a part of remote communication, it is the MMH
which has to listen for incoming connections and handle the connection requests of each CH

independently.

In order to keep the connection alive at the application end, a timer is used which ensures
that data is received by MMH from the CH periodically. If not, the connection is terminated.
The keep-alive present in the socket programming of Windows or Linux cannot be used as it

is not possible to identify at the application end if a connection is terminated.
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The necessary objects for achieving the architecture discussed in section 4.3 are given be-

low.
<<C- >>
(Host/ )
¢ 1
1 1 1
<<C- >> <<C- >> <<C- >>
O 1
MAX_TCP_ MAX_TCP_
<<C- >> <<C- >>

Figure 7.2 Objects in a mob-master

The importance of each object will be seen in the sections ahead. The communication be-

tween these objects is given as:

/ﬁD\
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COM
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EVENT

Creates

Creates

Socket
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Reset/
MSG Socket Stop Socket
Handler «— EVENT MSG Timer
A A
R;ead Wriie
i , | Remote |/
»
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Figure 7.3 Communication between objects in a mob-m

aster
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Amongst all these objects, in this research project, Socket Listener (hereafter referred as
sock-listener), Socket Communicator (hereafter referred as sock-comm), Socket Timer

(hereafter referred as sock-timer), the RT and the router in the handler is implemented.

7.2.1.2 Software Implementation

7.2.1.2.1 Socket Listener

Sock-Listener is the thread which listens for incoming connections. It has two important
tasks.
Connection Establishment ( )

Notifying sock-comm to receive data packet

In order to successfully complete these tasks in one thread with two blocking functions

and the thread uses the function.
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A flow chart describing the functionality of the sock-listener thread is explained below:

)

A
Y
?
Yes
v

Yes

0

<>No STOP

-

(for

)

Figure 7.4 Implementation of a Socket Listenerinm  ob-master
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7.2.1.2.1.1 Connection Establishment

The sock-listener uses API to listen for incoming connections and if a connection
request is received, then accepts the request using and creates a child thread to
communicate with the CH. As is used is no longer blocking.

In order to support multiple CH simultaneously it is necessary to have multiple threads. A
thread corresponding to each CH has to be created which here is called the sock-
communicator i.e. if there are 256 CHs who establish a connection with the MMH, the mob-

master will have 256 threads.

The sock-listener ensures that the thread is created successfully by the use of events. The
sock-listener waits for the event to be triggered and once triggered creates the sock-timer

corresponding to each connection.

7.2.1.2.1.2 Receive TLV packet

Once a connection has been established successfully, the function reads the listener
socket for any incoming connection and also the child socket for incoming packets which is
set in the file descriptor along with the listener socket after accepting a connection. Once,
data is written into any of the child socket, the thread sends a message to the corresponding
sock-comm to receive the TLV via its socket. This is done in this way to reduce the number
of threads as is a blocking function. Hence, if is used directly, then a separate

thread has to be created for sending the TLV packets.

7.2.1.2.2 Socket Communicator

As seen before, the sock-comm is the thread corresponding to each individual connection. It

has a message queue which waits for messages. It performs three main functions:

Send TLV to client ( )
Receive TLV packet ( )

Terminate Connection

MULTICELL NETWORKS based on DECT/CAT-iq



Publication
DCT-005-2011-DAR

TECHNICAL LECTURE RESEARCH PUBLICATIONS

:

Figure 7.5 Implementation of a Socket Communicator in mob-master
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7.2.1.2.2.1 Receive TLV packet

Once, a message is received to receive data from the socket, it checks the amount of data

present in the socket and grabs it.

$$ %&# ' —>

e
<

A 4

o

Figure 7.6 Implementation of Receiver in mob-master

Once, TLV packet is received, it is written into the FIFO and the event in the handler is sig-

nalled. The handler then consumes the TLV packet.
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If, the received data is not TLV and is “Bye”, then the connection is terminated. This is sent
by the CH in order to denote that it is terminating the connection from its end. The MMH then

releases the connection and all the parameters associated with this connection.

7.2.1.2.2.2 Send TLV packet

Once the handler receives a TLV tag it processes the data and if any response is to be sent
to the CH, it sends the TLV tag to the corresponding sock-comm thread via messages. It is
this that then sends the data to the CH.

No
Yes Yes
v
No

Figure 7.7 Implementation of Sender in mob-master

7.2.1.2.2.3 Terminate Connection

Connection is terminated in two scenarios, once when the sock-timer expires and other when
the CH sends a “Bye” message denoting that it closes the connection with the MMH. In both
the cases, the MMH, closes the socket for both read and write and shuts down the socket. It

then releases all the supporting parameters like the sock-comm and the sock-timer.

7.2.1.2.3 Socket Timer

The function of the sock-timer is to keep the connection alive until the application is closed. It

is necessary for both the CH and MMH to ensure that the connection is alive.
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It is not possible by the MMH to identify when a connection is terminated. Hence, it uses a
timer and if no data is received within that duration (40 mins. in the current implementation)
then it is assumed that the connection is terminated due to some failures and the socket is
closed and all the parameters associated with the connection (sock-comm, sock-timer, etc.)
are released. A message is sent to the corresponding sock-comm to disconnect the connec-

tion and release all parameters.

In the case of a successful termination by the CH, a “Bye” message is sent to the MMH. This
is sent so that the threads (sock-comm and sock-timer) in the MMH are not running unnec-
essarily if the connection is terminated immediately after sending a keep-alive data packet.
The data packet which is sent to keep the connection alive is the
E TLV_TAG_SOCKET_KEEP_ALIVE tag which has no value.

&0 - 0

%

%

Figure 7.8 Importance of Socket Timer in mob-master
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7.2.1.2.4 Response Handler

The handler is running on an existing thread which in a single-cell system processes the TLV
received from the target. It is the responsibility of this to update and use the RT to locate the

presence of the PP and accordingly send the TLV to remote or local target.

7.2.1.2.4.1 Adding and Updating Routing Table

An entry in the RT is added/updated when the MMH receives LOCATION_UPDATE (from
MMT) or ROUTING_INFO tag (from CH).

Mob-
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Figure 7.9 Sequence depecting Addition and Updation of Routing Table in mob-master
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In a single-cell system, when a MMH receives LOCATION_UPDATE tag, it checks if the PP
is already registered by accessing the dect.db and then locates the specific PP in its vicinity.
In a multi-cell system, along with this the MMH updates its RT with the necessary data by
adding a new entry in the RT if it is located for the first time (e.g. new PP registration) or by
modifying the existing entry with the new information and sends a multicast to all the CHs
with the ROUTING_INFO tag to update their RT.

MULTICELL NETWORKS based on DECT/CAT-iq



Publication
DCT-005-2011-DAR

TECHNICAL LECTURE RESEARCH PUBLICATIONS

In the case of receiving a ROUTING_INFO tag, the MMH updates the existing entry in the RT
with the received entry and then sends a multicast to all the CHs with the ROUTING_INFO
tag similar to LOCATION_UPDATE to update the RT of all the CHs.

7.2.1.2.4.2 Router

As seen earlier, the handler uses the RT to locate a PP and accordingly transmit the tag.

This is the task of the router. For e.g. call routing.

> % & 2

% &
(N

Figure 7.10 Implementation of Router

In the case of an incoming or outgoing call, the MMT identifies the PP with a Portable ID
which as seen earlier is the index of the PP in the dect.db. Since, Portable ID is also an entry
in the RT, the router identifies if the PP is located within its MMT range or within CT range
from the RT.

If, the TLV is for a CH then, it acquires the IP Address of the CH and sends the TLV to the

CH via the sock-comm.
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7.2.2 Client

7.2.2.1 Software Design

In the case of a CH, the sock-listener thread is for obvious reasons not required as; the CH

will establish a connection with the MMH and not listen for any incoming connections.

Hence, only the sock-comm and the sock-timer thread are present. Along with this a Socket
Receive (hereafter referred to as sock-recv) thread is also present which is used for receiving
incoming packets. This additional thread is required here due to the absence of sock-listener
thread which in the MMH was doing the job of a listener as well notification of incoming

packets.

The importance of the sock-timer was already seen in section 7.2.1.2.3. Some differences
with respect to the MMH will be discussed in the topics ahead. The objects defined for the

CH is given below.

<<C- >>
(Host/ )
¢
1 1 1
<<C- >> <<C- >> <<C- >>
O 1
1 1
<<C- >> <<C- >>

Figure 7.11 Necessary C-Obijects in Client

The overall software design of the CH is given below and details about each thread are de-

scribed in sections ahead. It describes the communication between all the C-objects.
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Figure 7.12 Communication between objects in a Clie  nt

Socket

7.2.2.2 Software Implementation

7.2.2.2.1 Socket Communicator

In the case of a CH the sock-comm has two tasks to establish connection with the MMH and
to send the TLV packets to the mob-master from the handler. Similar to the sock-comm in the

MMH, this also has a message queue and functions based on the messages it receives.

7.2.2.2.1.1 Connection Establishment

As seen in Figure 7.7 before sending any data the socket ensures that the connection is re-
tained. Hence, at start-up after the sock-comm thread is created a message is sent to the
sock-comm to connect to the MMH. It then uses the same function as in the sending of TLV
packets to establish connection. The only difference being that since, the buffer to send will

be empty no data is sent.

7.2.2.2.1.2 Send TLV packet
This is similar to the MMH (chapter 7.2.1.2.2.2).

7.2.2.2.2 Socket Receive

This is a separate thread present in the CH. The behaviour is similar to Figure 7.7 such that

the whole process runs in a loop as long as the CH is connected to the MMH.
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7.2.2.2.3 Socket Timer

The importance of the sock-timer has already been seen in chapter 7.2.1.2.3. Since, the CH
establishes a connection with the MH; it is the responsibility of the CH to send TLV packets
periodically (30 mins. in the current implementation). Hence, whenever the timer expires at
the CH it sends an empty E_TLV_TAG_SOCKET_KEEP_ALIVE tag to the MMH. For this

similar to the MMH, a message is sent to the sock-comm to send the specific data.

7.2.2.2.4 Response Handler

The function of the handler is similar to that of the MMH. It is the responsibility of this to up-
date the RT.

7.2.2.2.4.1 Adding and Updating Routing Table
The RT is added/updated when the CH receives the ROUTING_INFO tag (from MMH).
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Figure 7.13 Sequence depecting Addition and Updatio  n of Routing Table in Client
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When a CH receives the Location Update tag, then it requests for the subscription entry from
the MMH as the mob-master is the owner of the dect.db which holds the subscription entry.
The CH updates its RT with the DLEI and IPEI that it receives as it is required when the re-
sponse is sent back to CT along with the subscription entry. Since, the RT is not yet updated
the CH sends its IP Address also along with the location update tag. The MMH identifies if

the Location Update is from its MMT or not depending on the presence of IP Address.
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On receiving the subscription entry, the CH sends the received data along with the reply and
DLEI. On successful location update, it sends the ROUTING_INFO tag to the MMH with the
updated RT. It, then updates its own entry along with the other CHs when it receives a multi-
cast ROUTING_INFO tag from the MMH.

7.2.3 Parameters for OTA Synchronisation

As already discussed the scope of this Research project is to calculate the important pa-
rameters necessary for synchronisation and to configure the synchronous system. In this

section, the important parameters of a synchronous system are discussed.

We know that the necessity of a synchronous system is to achieve seamless handover and
increased coverage area by roaming. Roaming is the possibility to move from one cell to an-
other cell without any problems. Whenever a PP moves from one cell to the other location
registration procedure (chapter 2.2.1) is triggered. In a multi-cell system what triggers loca-

tion registration?

We know that RFPI is 40 bit. The architecture designed in this thesis supports 256 RFP’s.
Hence, 8 bits are required for the RPN to denote the geographical location of each RFP.
Also, 4 bits are required to denote to be a part of the same DECT multi-cell system as it pos-
sible to have more than one multi-cell system in one location (last 4 bits). Hence, the remain-
ing 28 bits of the RFPI has to be identical. This is the PLI 28 (first 28 bits). Since, Class B
ARI does not support GAP, Class A ARI is used. Hence LAL is 36 (PLI + RPN). Thus, when-

ever the PLI is equal then a location update is triggered. For e.g.

RFPI 1: 00 09 20 01 01
RFPI 2: 00 09 20 02 01
PLI
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7.2.4  Configuring the System

As already mentioned; the Client-Server system in this thesis is configured using xml files by

placing them locally along with the CMBS host application.

7.2.4.1 Mobility Master or Client Mode

At start-up, the host reads the xml files and obtains the IP Address and port number of the
mob-master system. If the IP address is same as the local IP Address then, it starts in the

mob-master mode else it starts in client mode.
4» s
%
-$

%%
00 %%
1) #

%

Figure 7.14 Implementation of configuring a Multi-C  ell System (mob-master)
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7.2.4.2 OTA-Synchronisation Mode for Client
When the DECT Stack of the CT is started in Air-Synchronisation mode, then the RFPI and

the PLI is read from the MulticellCfg.xml and given to the target to lock to the corresponding

sync-master.

Figure 7.15 of configuring a Multi-Cell System (syn  c-master)
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8 Test

8.1 Test Setup

In order to carry out the testing at Dosch and Amand, the following tools were used:
DA1251 - 2
PC-2
Handsets (PP) — 2

C e |

((é))

.01/
2( 3 % 4

Figure 8.1 Test Setup
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8.2 Testing Procedure

The feasibility of the designed architecture was tested in the following scenarios:

8.2.1 Roaming

For testing roaming capabilities the following scenarios were tested:
Scenario I:
i.  Register both Handset 1 (HS1) and Handset 2 (HS2) in the mob-master
ii. Move HS1 from mob-master to CH
iii.  CH triggers location registration process defined in Figure 7.13
iv.  HS1isin range of CH and HS2 is in range of mob-master
v.  Switch OFF HS1
vi.  Turn on HS1, then only Location Update is received and not Location Registration.

This is because; the FP identifies the PP as already registered.

Scenario Il:
i.  Register both Handset 1 (HS1) and Handset 2 (HS2) in the mob-master
ii.  Switch OFF HS1
ii.  Move HS1 from mob-master to CH
iv. ~ Turn ON HS1
v.  CH triggers location registration process defined in Figure 7.13
vi.  HS1lis in range of CH and HS2 is in range of mob-master
vii.  Switch OFF HS1 again
viii. = Turn on HS1, then as in Scenario | only Location Update is received and not Location

Registration.

8.2.2 Incoming Call

Perform Scenario | or Scenario Il of Roaming.

Scenario I: Incoming Call for HS1  (After locating HS1 in the CH)
i. Using CMBS Host Application generate an incoming call for HS1
ii.  mob-master identifies location of HS1 to be a remote PP as described in Figure 7.10

iii.  HS1 receives an incoming call
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Scenario Il: Incoming Call for HS2  (Located to mob-master)
i.  Using CMBS Host Application generate an incoming call for HS2
ii.  mob-master identifies location of HS2 to be a local PP as described in Figure 7.10

iii.  HS2 receives an incoming call

8.2.3 Outgoing Call

Perform Scenario | or Scenario Il of Roaming.

Scenario I: Outgoing Call for HS1  (After locating HS1 in the CH)
i.  Establish a call from HS1
ii. CH send request to mob-master
ii.  mob-master sends response to CH by identifying location of HS1 to be remote as de-
scribed in Figure 7.10
iv.  Call from HS1 established

Scenario II: Outgoing Call for HS2  (Located to mob-master)
i.  Establish a call from HS2
ii. mob-master sends response to local target by identifying location of HS2 to be local
as described in Figure 7.10
iii.  mob-master Send response to CH
iv.  Call from HS2 established

8.2.4  Configuration using “MultiCellCfg.xml”

Scenario I: Configuring mob-master
i. In MultiCellCfg.xml give IP Address and port number of the host system which has to
act as the mob-master
ii. Start CMBS Host Application in remote mode (in the system whose IP Address
matches with the IP Address of the mob-master given in the MultiCellCfg.xml)

ii.  As described in Figure 7.14 the host starts as mob-master

Scenario II: Configuring Client
i. In MultiCellCfg.xml give IP Address and port number of the host system which has to
act as the mob-master
ii. Start CMBS Host Application in remote mode (in the system whose IP Address does
not match with the IP Address of the mob-master given in the MultiCellCfg.xml)

iii.  As described in Figure 7.14 the host starts as a client
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Scenario IlI: Configuring OTA Synchronisation
i.  In MultiCellCfg.xml give RFPI and PLI of the sync-master
ii.  Start CMBS Host Application in OTA Synchronisation mode
iii.  As described in Figure 7.15 the host starts in over the air synchronisation mode

iv.  The client target is locked to the sync-master

8.3 Test Result

After carrying out the tests described in section 8.2 the following results were obtained:

Scenario Result

Roaming (Scenario 1) Successful
Roaming (Scenario I1) Successful
Incoming Call (Scenario 1) Successful
Incoming Call (Scenario I1) Successful
Outgoing Call (Scenario I) Successful
Outgoing Call (Scenario II) Successful
Configuration using MultiCellCfg.xml (Scenario 1) Successful
Configuration using MultiCellCfg.xml (Scenario Il) Successful
Configuration using MultiCellCfg.xml (Scenario IlI) Successful

Since, incoming and outgoing call is possible an internal call between HS1 (located to Client

Host) and HS2 (located to mob-master) is possible.
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9 Conclusion

The aim of this Research Project was to design and implement a distributed multi-cell DECT
system using LAN backbone and to configure the multi-cell system. Possible solutions for the
architecture are:

Single Master System

Two Master System

Multiple Master System

As discussed, Multiple Master System leads to a very insecure environment as all CHs start
acting as mob-master by accepting new PP to register to it. So, in this thesis the first two ar-
chitectures (Single Master System and Two Master System) have been implemented and
tested successfully. In this thesis the system is configured using XML files placed locally in-
stead of placing in a remote system. Hence, in the architecture the features implemented are:

Communication via TCP/IP is established

Socket-keep alive packets for retaining the connection

Registration is possible only in mob-master and all registered PP are listed in dect.db

sync-master is used for over the air synchronisation of the multi-cell system

It is possible to have both mob-master and sync-master in one system

There is a separate RT which holds the location of every PP registered to that system

Roaming and handover is possible within the synchronous multi-cell system

All messages to and from the clients is handled by the mob-master e.g. call routing,

location update

Configuration of the multi-cell system is done via xml files placed locally along with

the host application

Advantages of the designed system are:
More secure as all the important information like list of PP registered is with the Mas-
ter alone
It is known to which FP is the PP registered.
Current location of every PP is known by the FP
RT is replicated and so it is easier to transmit information from one host to the other
during handover.
All the clients are controlled and monitored by the mob-master

Easily configurable
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Also, for a multi-cell system with 256 RFP’s the number of bits for LAL, PLI and RPN are cal-
culated.

With the test results in chapter 8.3 it is clear that the architecture is well suited for a distrib-
uted multi-cell system. DA1251 is CAT-iq 2.0 compliant and that has been used for testing.
Hence, the multi-cell system is suitable for both GAP and CAT-ig compliant system. In spite
of the successful implementation and testing of the designed architecture, there are some

disadvantages which are discussed below.

Disadvantages of the designed system are:
Mob-Master is overloaded with information
Additional backup server is required

If masters are down the whole network is down
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100utlook

More detailed analysis and implementation on providing the configuration file for configuring
the multi-cell system is required as in this thesis the configuration file is placed locally. As

seen earlier (chapter 5) there are various possibilities to carry out this task.

Since, the RT is replicated throughout the system even to clients; call routing can be handled
not just by the mob-master but also by the other clients. Hence, this should be a better option
to reduce the load from the mob-master. Also, during connection handover it is possible to
transmit all the network layer information from the currently active CRFP to the other CRFP

to which a handover procedure is being initiated.

Currently, no backup system is implemented for the vital information present in the mob-

master. Hence, a backup system can be designed and implemented.
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E List of Abbreviations

Abbreviation Explanation

ADPCM Adaptive Differential Pulse Code Modulation
API Application Programming Interface

ARI Access Rights Identity

CAT-iq Cordless Advanced Technology-internet and quality
CMBS Cordless Module Base Station

C-Plane Control Plane

CH Client CMBS Host Application

CRC Cyclic Redundancy Check

CRFP Client Radio Fixed Part

CT Client CMBS Target Application

DECT Digitally Enhanced Cordless Telephone
DHCP Dynamic Host Configuration Protocol
DLC Data Link Control

DLEI Data Link Endpoint Identifier

ES End System

FDMA Frequency Division Multiple Access
FMID Fixed part MAC IDentity

FP Fixed Part

FT Fixed Terminal

FTP File Transfer Protocol

GAP Generic Access Profile

GFSK Gaussian Frequency-Shift Keying
GMAKE GNU Make

GSM Global System for Mobile communications
HLR Home Location Register

HTTPS Hyper Text Transfer Protocol Secure

HN Handset Number

IP Internet Protocol

IPBS DECT IP-Base Station

IPEI International Portable Equipment Identity
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IPUI International Portable User Identity
ISDN Integrated Services Digital Network
ISO International Organization for Standardization
IwWu Inter-Working Unit

JTAG Joint Test Action Group

LAL Location Area Level

LAN Local Area Network

LLME Lower Layer Management Entity
MAC Medium Access Control

MC Multi-Carrier

MH Mobility Master CMBS Host Application
<MM_access.1> 60 secs.

<MM_access.2> FT —10 secs., PT — 20 secs.
<MM_Locate.1> 20 secs.

<MM_ident.1> 10 secs.

MRFP Mobility Master Radio Fixed Part
Mob-Master Mobility Master

MT Mobility Master CMBS Target Application
NWK Network

(ON] Open Systems Interconnection
OTA Over The Air

PA Portable Application

PABX Private Automatic Branch eXchange
PARI Primary Access Rights Identity
PARK Primary Access Rights Key

PC Personal Computer

PHL Physical Layer

PLI PARK Length Identifier

PMID Portable part MAC IDentity

PP Portable Part

PSCN Primary Scan Carrier Number
PSTN Public Switched Telephone Network
PT Portable Terminal
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REP Radio End Point

RF Radio Frequency

RFP Radio Fixed Part

RFPI Radio Fixed Part Identity

RPN Radio fixed Part Number

RT Routing Table

SAP Service Access Point

SARI Secondary Access Rights Identity
SDLC Software Development Life Cycle
SDMA Space Division Multiple Access

SDU Service Data Unit

SH Synchronisation Master Host

SMTP Simple Mail Transfer Protocol

SNMP Simple Network Management Protocol
SFTP Secure File Transfer Protocol

SRFP Synchronisation Master Radio Fixed Part

Sync-Master

Synchronisation Master

ST Synchronisation Master CMBS Target Application
UPNP Universal Plug and Play

TARI Tertiary Access Rights Identity

TCP Transmission Control Protocol

TDMA Time Division Multiple Access

TLV Tag Length Value

TPUI Temporary Portable User Identity

UART Universal Asynchronous Receiver/Transmitter
UDP User Datagram Protocol

USB Universal Serial Bus

U-Plane User-Plane

VolIP Voice over IP

VLR Visitor Location Register

XML eXtensible Markup Language
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F Client-Server Architecture

The client—server model of computing is a distributed application that partitions tasks or work-
loads between the providers of a resource or service, called servers, and service requesters,
called clients. Often clients and servers communicate over a computer network on separate
hardware, but both client and server may reside in the same system. A server machine is a
host that is running one or more server programs which share their resources with clients. A
client does not share any of its resources, but requests a server's content or service function.
Clients therefore initiate communication sessions with servers which await incoming re-

quests.

Figure F.1 Client Server Model [WIKI, CS]

The client—server model has become one of the central ideas of network computing. Many
business applications being written today use the client—server model. So do the Internet's

main application protocols, such as HTTP, SMTP, Telnet, and DNS.

By contrast, peer-to-peer networks involve two or more computers pooling individual re-
sources. These shared resources are available to every computer in the network, while each
two of them communicate in a session. Each computer acts as both the client and the server
which means all the computers on the network are equals, that is where the term peer-to-
peer comes from. The advantage of peer-to-peer networking is the easier control concept not
requiring any additional coordination entity and not delaying transfers by routing via server
entities. [WIKI CS]
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G Coding Rules

There are some coding rules followed according to the existing coding standard at
DOSCH&AMAND. They are:

Naming Conventions
o Variables - <Type>_<Meaningful variable hame>

0 Function Name - <File name>_<Function name><Purpose>

Generic Code
o Implementation for both TCP and UDP - UDP is also implemented with keep-
ing a note of the future requirements for transmitting audio

0 Support for both Windows and Linux Operating System

Code Optimization
The same application can run as a client or as a server. There are no separate files
for client and server as a large portion of the functionalities of the client and server

are similar.

Resource Handling
o0 During thread creation it is ensured that the thread is created before proced-
ding with the next step. For this events are used and once the thread starts,
the event is triggered and then the creator processes the next step.
0 Before accessing any pointer or external resources it is checked for being not
NULL.

P.Ganeshan, DOSCH&AMAND RESEARCH

MUNICH; Oct 2011
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