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35.3 Mobility Management in Wireless ATM

Allowing end system mobility in ATM networks gives rise to the problem of mobility man-
agement, i.e., maintaining service to end systems regardless of their location or movement.
A fundamental design choice here is whether mobility management deals with user mobility
or terminal mobility. When a network supports user mobility, it recognizes the user as the
subscriber with an associated service profile. The user can then utilize any MT for access to
the subscribed services. This results in flexibility in service provisioning and usage, but some
extra complexity is introduced in the system implementation, as exemplified by the GSM
system [24]. Support for user mobility implies support for terminal mobility. A network
may support only terminal mobility and not recognize the user of the terminal, resulting in
a simpler implementation. In either case, the mobility management tasks include:

e Location Management: Keeping track of the current location of an MT in order
to permit correspondent systems to set up connections to it. A key requirement
here is that the correspondent systems need not be aware of the mobility or the
current location of the MT.

e Connection Handover: Maintaining active connections to an MT as it moves
between different points of attachment in the network. The handover function
requires protocols at both the radio layer and at the network layer. The issue of
preserving QoS during handovers was described earlier and this introduces some
complexity in handover implementations.

e Security Management: Authentication of mobile users (or terminals) and estab-
lishing cryptographic procedures for secure communications based on the user
(or terminal) profile [25].

e Service Management: Maintaining service features as a user (or terminal) roams
among networks managed by different administrative entities. Security and ser-

vice management can be incorporated as part of location management proce-
dures {24].

Early wireless ATM implementations have considered only terminal mobility [6, 7]. This
has been to focus the initial effort on addressing the core technical problems of mobility
management, i.e., location management and handover [26]. Flexible service management in
wide-area, settings, in the flavor of GSM, has not been an initial concern in these systems.
The mobility management protocol standards being developed by the ATM Forum WATM
working group may include support for user mobility. But the details are yet to be speci-
fied. In the following, therefore, we concentrate on the location management and handover
functions required to support terminal mobility in wireless ATM. Our description follows
along the lines of the ongoing ATM Forum specifications [9] with examples from wireless
ATM implementations.

35.3.1 Location Management in Wireless ATM

Location management (LM) in WATM networks is based on the notions of permanent
and temporary ATM addresses. A permanent ATM address is a location-invariant, unique
address assigned to cach MT. As the MT attaches to different points in a WATM network,
it may be assigned different temporary ATM addresses. As all ATM end system addresses,
both permanent and temporary addresses are derived from the addresses of switches in the
network, in this case EMASs. This allows connection set-up messages to be routed towards
the MT, as described later. The EMAS whose address is used to derive the permanent

644



35.3. MOBILITY MANAGEMENT IN WIRELESS ATM 35-19

address of an MT is referred to as the home EMAS of that M'T. The LM function in essence
keeps track of the current temporary address corresponding to the permanent address of
each MT. Using this function, it becomes possible for correspondent systems to establish
connections to an MT using only its permanent address and without knowledge of its
location.

35.3.2 Network Entities Involved in LM

The LM functions are distributed across four entities:

e The Location Server (LS): This is a logical entity maintaining the database of as-
sociations between the permanent and temporary addresses of mobile terminals.
The LS responds to query and update requests from EMASSs to retrieve and mod-
ify database entries. The LS may also keep track of service-specific information
for each MT.

e The AUthentication Server (AUS): This is a logical entity maintaining a secure
database of authentication and privacy related information for each MT. The
authentication protocol may be implemented between EMASs and the AUS, or
directly between MT's and the AUS.

e The Mobile Terminal: The MT is required to execute certain functions to initiate
location updates and participate in authentication and privacy protocols.

e The EMAS: Certain EMASSs are required to identify connection set-up imessages
destined to MTs and invoke location resolution functions. These can be home
EMASs or certain intermediate EMASs in the connection path. All EMASs in
direct contact with MTs (via their RPs) may be required to execute location
update functions. Home EMASs require the ability to redirect a connection
set-up message. In addition, all EMASs may be required to participate in the
redirection of a connection set-up message to the current location of an MT.

There could be multiple LSs and AUSs in a WATM network. Specifically, an LS and
an AUS may be incorporated with each home EMAS, containing information on all the
MTs that the EMAS is home to. On the other hand, an LS or an AUS may be shared
between several EMASs, by virtue of being separate entities. These choices are illustrated
in Fig. 35.18, where the terms “integrated” and “modular” are used to indicate built-in and
separated LS and AUS. In either case, protocols must be implemented for reliably querying
and updating the LS, and mechanisms to maintain the integrity and security of the AUS.
NEC’s WATMnet [6] and BAHAMA [7] are examples of systems implementing integrated
servers. The modular approach is illustrated by GSM [24] and next-generation wireless
network proposals [27].

35.3.3 Location Management Functions and Control Flow

At a high level, the LM functions are registration, location update, connection routing to
home or gateway EMAS, location query, and connection redirect.

Registration and Location Update

When an MT connects to a WATM network, a number of resources must be instanti-
ated for that mobile. This instantiation is handled by two radio layer functions: association,
which establishes a channel for the MT to communicate with the edge EMAS, and registra-
tion, which binds the permanent address of the MT to a temporary address. In addition,
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LS/AUS with EMAS

Integrated Approach

Modular Approach

FIGURE 35.18  Server organizations.

the routing information pertaining to the mobile at one or more location servers must be
updated whenever a new temporary address is assigned. This is done using location updates.

The authentication of a mobile terminal and the establishment of encryption parameters
for further communication can be done during the location updating procedure. This is
illustrated in Fig. 35.19 which shows one possible control flow when an MT changes location
from one EMAS to another. Here, the Broadcast_ID indicates the identity of the network,
the location area, and the current radio port. Based on this information, e.g., by comparing
its access rights and the network ID, the MT can decide to access the network. After an
association phase, which includes the setting up of the signalling channel to the EMAS,
the MT sends a registration message to the switch. This message includes the MT’s home
address and authentication information. The location update is initiated by the visited
EMAS and the further progression is as shown. The LS/AUS are shown logically separate
from the home EMAS for generality. They can be integrated with the home EMAS. Details
on the implementation of a similar location update scheme can be found in [28].

Visited Home LS/AUS
MT :
RP EAS AS
Broadcast Id
_ Association

Register (Permanent Addr., | < SETUP/CONNECT » | Authenticate(Perm.Addr,
Authentication info) . Aauth., info)

Location Update (Perm. Addr, >

Temp. Addr, Auth. info)

" AuthenticationSuccess
(Perm. Addr)

Location Update
(Perm. Addr, Temp. Addr)

Location Update Success

(Perm. Addr) <+
< Location Update Success (Perm. Addr)

FIGURE 35.19  Location update control flow.
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Now, there are other possible configurations of LSs that give rise to different control
message flow. For example, a two-level hierarchical LS arrangement can be used. Under
this organization, the LS in the visiting network is updated as long as the MT remains in
this network, and the home LS is updated only when the MT moves to a different WATM
network. The information kept in the home LS must, therefore, point to a gateway EMAS
in the visited network, since precise location in the visited network will not be available at
the home LS. GSM location management is an example of this scheme [24].

Connection Forwarding, Location Query, and Connection Redirect

After a location update, a location server handling the MT has the correct association
between its permanent and temporary ATM addresses. When a new connection to the MT
is established, the set-up message must be routed to some EMAS that can query the LS
to determine the current address of the MT. This is the connection forwarding function.
Depending on how MT addresses are assigned, the location query can occur very close to
the origination of the connection or it must progress to the home EMAS of the MT. For
instance, if MT addresses are assigned from a separately reserved ATM address space within
a network, a gateway EMAS in the network can invoke location query when it processes
a set-up message with a destination address known to be an MT address. To reach some
EMAS that can interpret an MT address, it is sufficient to always forward connection set-
up messages towards the home EMAS. This ensures that at least the home EMAS can
invoke the query if no other EMAS enroute can do this. The location query is simply a
reliable control message exchange between an EMAS and an LS. If the LS is integrated
with the EMAS, this is a trivial operation. Otherwise, it requires a protocol to execute this
transaction.

The control flow for connection establishment when the MT is visiting a foreign network
is shown in Fig. 35.20. The addresses of various entities shown have been simplified for
illustration purposes. Here, a fixed ATM terminal (A.1.1.0) issues a SETUP towards the
MT whose permanent address is C.2.1.1. The SETUP message is routed towards the home
EMAS whose address is C.2.1. It is assumed that no other EMAS in the path to the
home EMAS can detect MT addresses. Thus, the message reaches the home EMAS which
determines that the end system whose address is C.2.1.1 is an MT. It then invokes a location
query to the LS which returns the temporary address for the MT (B.3.3). The home EMAS
issues a redirected SETUP towards the temporary address. In this message, the MT is
identified by its permanent address thereby enabling the visited EMAS to identify the M'T
and proceed with the connection SETUP signalling.

It should be noted that in the topology shown in Fig. 35.20, the redirection of the con-
nection set-up does not result in a nonoptimal path. But, in general, this may not be the
case. To improve the overall end-to-end path, redirection can be done with partial tear-
down in which case a part of the established path is released and the connection set-up is
redirected from an EMAS that occurs further upstream of the home EMAS. This is shown
in Fig. 35.21. Here, the EMAS labelled COS (Cross Over Switch) occurs in the original
connection path upstream of the home EMAS. To redirect the set-up to B.3.3, the connec-
tion already established to the home EMAS is torn down up to COS, and new segment is
established from the COS to B.3.3. This requires additional signalling procedures.

Finally, in Fig. 35.22, the case of hierarchical location servers is illustrated. Here, as long
as the MT is in the visited network, the address of the gateway EMAS (B.1.1) is registered
in its home LS. The connection set-up is sent via the home EMAS to the gateway EMAS.
The gateway then queries its local LS to obtain the exact location (B.3.3) of the MT. It is
assumed that the gateway can distinguish the MT address (C.2.1.1) in a SETUP message
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FIGURE 35.20 MT in foreign network.
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FIGURE 35.21 Connection redirect.

from the fact that this address has a different network prefix (C) than the one used in the
visited network (B).

Signalling and Control Messages for LM

The signalling and control messages required can be derived from the scenarios above.
Specifically, interactions between the EMAS and the LS require control message exchange
over a VC established for this purpose. This is described in [9]. The ATM signalling support
needed for connection set-up and redirection is described in [28].

35.3.4 Connection Handover in Wireless ATM

Wireless ATM implementations, as well as the standards being developed by the ATM
Forum, rely on mobile-initiated handovers whereby the MT is responsible for monitoring
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FIGURE 35.22 Hierarchical LS configuration.

the radio link quality and decides when to initiate a handover [9, 26]. A handover process
typically involves the following steps:

1. Link quality monitoring: When there are active connections, the MT constantly
monitors the strength of the signal it receives from each RP within range.

2. Handover trigger: At a given instance, all the connections from/to the MT are
routed through the same RP, but deterioration in the quality of the link to this
RP triggers the handover procedure.

3. Handowver initialtion: Once a handover is triggered, the MT initiates the proce-
dure by sending a signal to the edge EMAS with which it is in direct contact.
This signal indicates to the EMAS the list of candidate RPs to which active
connections can be handed over.

4. Target RP selection: The edge EMAS selects one RP as the handover target from
the list of candidates sent by the MT. This step may make use of network-specific
criteria for spreading the traffic load among various RPs and interaction between
the edge EMAS and other EMASs housing the candidate RPs.

5. Connection rerouting: Once the target RP is selected, the edge EMAS initiates
the rerouting of all connections from/to the MT within the MATM network to
the target RP. The complexity of this step depends on the specific procedures
chosen for rerouting connections, as described next. Due to constraints on the
network or radio resources, it is possible that not all connections are successfully
rerouted at the end of this step.

6. Handover completion: The MT is notified of the completion of handover for one
or more active connections. The MT may then associate with the new RP and
begin sending/receiving data over the connections successfully handed over.

Specific implementations may differ in the precise sequence of events during handover.
Furthermore, the handover complexity and capabilities may be different. For instance, some
systems may implement lossless handover whereby cell loss and missequencing of cells are
avoided during handover by buffering cells inside the network [29]. The handover control
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flow is described in detail below for two types of handovers:

e Backward handover: The MT initiates handover through the current RP it is
connected to. This is the normal scenario.

e Forward handover: The MT loses connectivity to the current RP due to a sud-
den degeneration of the radio link. It then chooses a new RP and initiates the
handover of active connections.

Our description is based on the handover model being considered for standardization
by the ATM Forum [9]. This model presently allows only hard handovers, i.e., active
. connections are routed via exactly one RP at a given instance, as opposed to soft handovers
in which the MT can receive data for active connections simultaneously from more than
one RP during handover.

Backward Handover Control Flow

Figure 35.23 depicts the control sequence for backward handover when the handover
involves two different EMASs. Here, “old” and “new” EMAS refer to the current EMAS
and the target EMAS, respectively. The figure does not show handover steps (1) and (2),
which are radio layer functions, but starts with step (3). The following actions take place:

1. The MT initiates handover by sending an HO.REQUEST message to the old
EMAS. With this message, the MT identifies a set of candidate RPs. Upon
receiving the message, the old EMAS identifies a set of candidate EMASs that
house the indicated RPs. It then sends an HO_REQUEST_-QUERY to each can-
didate EMAS, identifying the candidate RP as well as the set of connections
(including the traffic and QoS parameters) to be handed over. The connection
identifiers are assumed to be unique within the network [28].

2. After receiving the HO_.REQUEST_QUERY message, a candidate EMAS checks
the radio resources available on all the candidate RPs it houses and selects the
one that can accommodate the most number of connections listed. It then sends
an HO_.REQUEST_RESPONSE message to the old EMAS identifying the target
RP chosen and a set of connections that can be accommodated (this may be a
subset of connections indicated in the QUERY message).

3. After receiving an HO_REQUEST_.RESPONSE message from all candidate
EMASs, the old EMAS selects one target RP, based on some local criteria (e.g.,
traffic load spreading). It then sends an HO_.RESPONSE message to the MT,
indicating the target RP. At the same time, it also sends an HO_COMMAND to
the new EMAS. This message identifies the target RP and all the connections to
be handed over along with their ATM traffic and QoS parameters. This message
may also indicate the connection rerouting method. Rerouting involves first the
selection of a cross-over switch (COS) which is an EMAS in the existing connec-
tion path. A new connection segment is created from the new EMAS to the COS
and the existing segment from the COS to the old EMAS is deleted. Some COS
selection options are:

VC Extension: The old EMAS-E itself serves as the COS.

Anchor-Based Rerouting: The COS is determined apriori (e.g., a desig-
nated EMAS in the network) or during connection set-up (e.g., the EMAS
that first served the MT when the connection was set up). The selected
COS is used for all handovers during the lifetime of the connection.
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FIGURE 35.23 Backward handover control flow.

Dynamic COS Discovery: The COS is dynamically determined during
each handover.

These procedures are illustrated in Fig. 35.24. While anchor-based rerouting
and VC extension result in the same COS being used for all the connections
being handed over, dynamic COS selection may result in different COSs for dif-
ferent connections. The HO_COMMAND message indicates which COS selection
method is used, and if VC extension or anchor-based rerouting is used, it also
includes the identity of the COS. If dynamic COS selection is used, the message
includes the identity of the first EMAS in the connection path from the source
(this information is collected during connection set-up [28]). For illustrative pur-
poses, we assume that the dynamic COS selection procedure is used.

. Upon receiving the HO_.COMMAND message, the new EMAS allocates radio
resources in the target RP for as many connections in the list as possible. It then
sends a SETUP message towards the COS of each such connection. An EMAS in
the existing connection path that first processes this message becomes the actual
COS. This is illustrated in Fig. 35.25. This action, if successful, establishes a
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new segment for each connection from the new EMAS to the COS.

5. If the set-up attempt is not successful, new EMAS sends an HO_FAILURFE mes-
sage to the old EMAS, after releasing all the local resources reserved in step (4).
This message identifies the connection in question and it is forwarded by the old
EMAS to the MT. What the MT does in response to an HO_FAILURE message
is not part of the backward handover specification.

6. If the COS successfully receives the SETUP message, it sends a CONNECT
message in reply, thereby completing the partial connection establishment pro-
cedure. It then sends an HO_COMPLETE message to old EMAS-E. The
HO_COMPLETE message is necessary to deal with the situation when handover
is simultaneously initiated by both ends of the connection when two MTs com-
municate (for the sake of simplicity, we omit further description of this situation,
but the reader may refer to [30] for further details).
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7. The old EMAS-E waits to receive HO_COMPLETE messages for all the connec-
tions being handed over. However, the waiting period is limited by the expiry of
a timer. Upon receiving the HO_.COMPLETE message for the last connection,
or if the timer expires, the old EMAS sends an HO_RELEASE message to MT.
Waiting for the HO_RELFEASE message allows the MT to utilize the existing
connection segment as long as possible threreby minimizing data loss. However,
if the radio link deteriorates rapidly, the MT can switch over to the new RP
without receiving the HO_RELFEASE message.

8. The old EMAS initiates the release of each connection for which an HO_.COMPLETE
was received by sending a RELEASE message to the corresponding COS.

9. Upon receiving the RELEASE message, the COS sends a RELEASE COM-
PLETE to the previous switch in the path (as per regular ATM signalling) and
switches the data flow from the old to the new connection segment.

10. Meanwhile, after receiving the HO_RELEASE message from the old EMAS or
after link deterioration, the MT dissociates from the old RP and associates with
the new RP. This action triggers the assignment of radio resources for the sig-
nalling channel and user data connections for which resources were reserved in
step (4).

11. Finally, the MT communicates to the new EMAS its readiness to send and
receive data on all connections that have been handed over by sending a
CONN_ACTIVATE message.

12. Upon receiving the CONN_ACTIVATE message from the MT, new EMAS re-
sponds with a CONN_ACTIVE message. This message contains the identity of
the connections that have been handed over, including their new ATM VC identi-
fiers. Multiple CONN_ACTIVE messages may be generated, if all the connections
have not been handed over when the CONN_ACTIVATE message was received.
However, handover of remaining connections and the subsequent generation of
CONN_ACTIVE signals are timer-bound: if the MT does not receive information
about a connection in a CONN_ACTIVE message before the corresponding timner
expires, it assumes that the connection was not successfully handed over. The
recovery in this case is left up to the MT.

The description above has left open some questions. Among them: what mechanisms
are used to reliably exchange control messages between the various entities that take part
in handover? What actions are taken when network or radio link failures occur during
handover? How can lossless handover be included in the control flow? What effect do

653



35-28 CHAPTER 35. WIRELESS ATM: QOS AND MOBILITY MANAGEMENT

COS
FW_HO_REQUEST
P
HO_NOTIFY
FW_HO_RESPONSE
SETUP
» ) [
CONNECT 0
CONN_ACTIVE [t R
<
HO_COMPLEIE 1
4 LAl
RELEASE s
P |
RELEASE COMPLETE
“ \
X Switch Connections | J |d
ATM-level messages .
—_— M-level messages - EMAS

FIGURE 35.26 Forward handover control flow.

transient disruptions in service during handover have on application behavior?, and what are
the performance impacts of signalling for handover? The short answers to these questions
are: reliability can be incorporated by implementing a reliable transfer protocol for those
control messages that do not already use such a transport (SETUP, RELEASE, etc., do,
but HO_REQUEST_QUERY for example, requires attention). Actions taken during network
failures require further analysis, but forward handover can be used to recover from radio
link failures during handover. Lossless handover requires inband signalling within each
connection and buffering in the network. Details on this can be found in [29]. The effect
of transient disruptions on applications can be minimal, depending on how rerouting is
implemented during handover. This is described in detail in [31]. Finally, some of the
performance issues related to mobility management are investigated in [32].

Forward Handover

Forward handover is considered as the measure of last resort, to be invoked when the
current radio link deteriorates suddenly. The forward handover procedure is simpler than
backward handover, as illustrated in Fig. 35.26. Here,

1. The radio link with the old EMAS degrades abruptly. This results in the MT
being dissociated with the old RP. The MT then chooses a new RP and associates
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with it. In the example shown, the new RP is housed by a different EMAS (the
new EMAS).

2. The MT initiates forward handover by sending a FW_HO_REQUEST message to
the new EMAS. This message indicates the active connections by their network-
wide unique identifiers, along with their ATM traffic and QoS parameters, the
identity of the previous EMAS (the “old” EMAS), and the COS information (this
information may be obtained when the connection is initially set up).

3. The new EMAS sends an HO_NOTIFY message to the old EMAS indicating
the initiation of handover. This serves to keep the old EMAS from prematurely
releasing the existing connections.

4. The new EMAS reserves radio resources for as many listed connections as
possible on the radio port to which the MT is associated. It then sends a
FW_HO.RESPONSE message to the MT identifying the connections that can
be handed over.

5. For each such connection, the new EMAS generates a SETUP message towards
the COS to establish the new connection segment. This message includes the
identity of the new EMAS. An EMAS in the existing connection path that first
processes this message becomes the COS (Fig. 35.25).

6. Upon receiving the SETUP message, the COS completes the establishment of the
new connection segment by sending a CONNECT message to the new EMAS.

7. After receiving the CONNECT message, new EMAS sends a CONN_ACTIVE
message to the MT, indicating the connection has become active. Reception of
CONN_ACTIVE by the MT is subject to a timer expiry: if it does not receive
information about a connection in any CONN_ACTIVE message before the cor-
responding timer expires, it may initiate any locally defined recovery procedure.

8. If the new connection segment cannot be setup, the new EMAS sends an
HO_FAILURE message to the old EMAS and the MT, after releasing all the
local resources reserved for the connection. Recovery in this case is left up to the
MT.

9. If the COS did send a CONNECT in step 7, it switches the connection data to
the new segment and sends an HO_COMPLETE message to old EMAS. As in
the case of backward handover, the HO.COMPLETE message is necessary to
resolve conflicts in COS selection when handover is simultaneously initiated by
both ends of the connection when two MTs communicate.

10. Upon receiving the HO_COMPLETE message, the old EMAS releases the existing
connection segment by sending a RELEASE message to the COS. In response,
the COS sends a RELEASE COMPLETE to the previous switch.

35.4 Summary and Conclusions

In this chapter, the QoS and mobility management aspects of wireless ATM were described.
WATM implementations, as well as the WATM standards being developed, allow the same
ATM service categories in WATM networks as found in fixed ATM networks. The support
for these classes of service in wireless ATM requires a variety of QoS control mechanisms
acting in concert. The implementation of QoS in the wireless MAC layer, as well as the
new QoS control mechanisms in the network and application layers, were described. The
role of QoS renegotiation during handover was also described.
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While mobility management in wide area involves various service-related aspects, the
wireless ATM implementations and the standards efforts have so far focused on the core
technical problems of location management and connection handover. These were described
in some detail, along the lines of the specifications being developed by the ATM forum with
examples from WATM implementations. In conclusion, we note that wireless ATM is still
an evolving area and much work is needed to fully understand how to efficiently support

QoS and mobility management.
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Abstract—In response to the International Telecommunications Union’s (ITU) call for
proposals, third generation cellular technologies are evolving at a rapid pace where different
proposals are vying for the future market place in digital wireless multimedia communica~
tions. While the original intent for third generation was to have a convergence of cellular
based technologies, this appears to be an unrealistic expectation. As such, three technolo-
gies key for the North American and European markets are the third generation extension
of TIA/EIA-95B based Code Division Multiple Access (CDMA) called ¢cdma2000, the Eu-
ropean third generation CDMA called WCDMA, and the third generation Time Division
Multiple Access (TDMA) system based on EDGE. For packet data, EDGE is one case
where second generation technologies converged to a single third generation proposal with
convergence of the US TDMA system called TIA /EIA-136 and the European system GSM.
This chapter provides an overview of the air interfaces of these key technologies. Par-
ticular attention is given to the channel structure, modulation, and offered data rates of
each technology. A comparison is also made between cdma2000 and WCDMA to help the
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reader understand the similarities and differences of these two CDMA. approaches for third
generation.

36.1 Introduction

The promise of third generation is a world where the subscriber can access the World Wide
Web (WWW) or perform file transfers over packet data connections capable of providing
144 kbps for high mobility, 384 kbps with restricted mobility, and 2 Mbps in an indoor office
environment [1]. With these guidelines on rate from the ITU, standards bodies started the
task of developing an air interface for their third generation system. In North America, the
Telecommunications Industry Association (TIA) evaluated proposals from TTA members
pertaining to the evolution of TIA/EIA-95B and TIA/EIA-136. In Europe, the European
Telecommunications Standards Institute (ETSI) evaluated proposals from ETSI members
pertaining to the evolution of GSM.

While TIA and ETSI were still discussing various targets for third generation systems,
Japan began to roll out their contributions for third generation technology and develop
proof-of-concept prototypes. In the beginning of 1997, the Association for Radio Industry
and Business (ARIB), a body responsible for standardization of the Japanese air inter-
face, decided to proceed with the detailed standardization of a wideband CDMA system.
The technology push from Japan accelerated standardization in Europe and the U.S. During
1997, joint parameters for Japanese and European wideband CDMA proposals were agreed.
The air interface is commonly referred to as WCDMA. In January 1998, the strong support
behind wideband CDMA led to the selection of WCDMA as the UMTS terrestrial air inter-
face scheme for FDD (Frequency Division Duplex) frequency bands in ETSI. In the U.S.,
third generation CDMA came through a detailed proposal process from vendors interested
in the evolution of TTIA/EIA-95B. In February 1998, the TIA committee TR45.5 respon-
sible for TIA/EIA-95B standardization adopted a framework that combined the different
vendors’ proposals and later became known as cdma2000.

For TDMA, the focus has been to offer IS-136 and GSM operators a competitive third
generation evolution. WCDMA is targeted toward GSM evolution; however, Enhanced
Data Rates for Global TDMA Evolution (EDGE) allows the operators to supply IMT-2000
data rates without the spectral allocation requirements of WCDMA. Thus, EDGE will be
deployed by those operators who wish to maintain either IS-136 or GSM for voice services
and augment these systems with a TDMA-based high rate packet service. TDMA conver-
gence occurred late in 1997 when ETSI approved standardization of the EDGE concept
and in February 1998 when TTA committee TR45.3 approved the UWC-136 EDGE-based
proposal.

The push to third generation was initially focused on submission of an IMT-2000 ra-
dio transmission techniques (RT'T) proposal. To date, the evaluation process has recently
started in ITU [2] where Fig. 36.1 depicts the time schedule of the ITU RT'T development.
Since at the same time regional standards have started the standards writing process, it is
not yet clear what is the relationship between the ITU and regional standards. Based upon
actions in TTA and ETSI, it is reasonable to assume that standards will exist for cdma2000,
WCDMA, and EDGE and all will be deployed based upon market demands.

The chapter is organized as follows: issues effecting third generation CDMA are discussed
followed by a brief introduction of cdma2000, WCDMA, and EDGE. A table comparing
cdma2000 and WCDMA is given at the end of the CDMA section. For TDMA, an overview
of the IS-136-based evolution is given including the role played by EDGE.
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1997 1998 1999 2000

FIGURE 36.1 ITU timelines: 1, 2, 3—RTTs request, development, & submission; 4—RTT evaluation; 5—review
outside evaluation; 6-—assess compliance with performance parameters; 7-—consideration of evaluation results and
consensus on key characteristics; 8-—development of detailed radio interface specifications.

36.2 CDMA-Based Schemes

Third generation CDMA system descriptions in TIA and ETSI have similarities and differ-
ences. Some of the similarities between cdma2000 and WCDMA are variable spreading, con-
volutional coding, and QPSK data modulation. The major differences between cdma2000
and WCDMA occur with the channel structure, including the structure of the pilot used
on the forward link. To aid in comparison of the two CDMA techniques, a brief overview
is given to some important third generation CDMA issues, the dedicated channel structure
of cdma2000 and WCDMA, and a table comparing air interface characteristics.

36.3 CDMA System Design Issues

36.3.1 Bandwidth

An important design goal for all third generation proposals is to limit spectral emissions
to a 5 MHz dual-sided passband. There are several reasons for choosing this bandwidth.
First, data rates of 144 and 384 kbps, the main targets of third generation systems, are
achievable within 5 MHz bandwidth with reasonable coverage. Second, lack of spectrum
calls for limited spectrum allocation, especially if the system has to be deployed within the
existing frequency bands already occupied by the second generation systems. Third, the
5 MHz bandwidth improves the receiver’s ability to resolve multipath when compared to
narrower bandwidths, increasing diversity and improving performance. Larger bandwidths
of 10, 15, and 20 MHz have been proposed to support highest data rates more effectively.

36.3.2 Chip Rate

Given the bandwidth, the choice of chip rate depends on spectrum deployment scenar-
ios, pulse shaping, desired maximum data rate and dual-mode terminal implementation.
Figure 36.2 shows the relation between chip rate (CR), pulse shaping filter roll-off factor
(a) and channel separation (Af). If raised cosine filtering is used, spectrum is zero (in
theory) after CR/2(1+«). In Fig. 36.2, channel separation is selected such that two ad-
jacent channel spectra do not overlap. Channel separation should be selected this way, if
there can be high power level differences between the adjacent carriers. For example, for
WCDMA parameters minimum channel separation (A fuin) for nonoverlapping carriers is
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[

CR/2 (1+a)

N

Af
e
FIGURE 36.2 Relationship between chip rate (CR), roll-off factor (<), and channel separation (Af).

A fryin = 4.096(140.22) = 4.99712 MHz. If channel separation is selected in such a way that
the spectrum of two adjacent channel signals overlap, some power leaks from one carrier to
another. Partly overlapping carrier spacing can be used, for example, in micro cells where
the same antenna masts are used for both carriers.

A designer of dual-mode terminals needs to consider the relation between the different
clock frequencies of different modes. Especially important are the transmitter and receiver
sampling rates and the carrier raster. A proper selection of these frequencies for the standard
would ease the dual mode terminal implementation. The different clock frequencies in a
terminal are normally derived from a common reference oscillator by either direct division
or synthesis by the use of a PLL. The use of a PLL will add some complexity. The WCDMA
chip rate has been selected based on consideration of backward compatibility with GSM
and PDC. ¢cdma2000 chip rate is a direct derivation of the TIA /EIA-95B chip rate.

36.3.3 Multirate

Multirate design means multiplexing different connections with different quality of service
requirements in a flexible and spectrum efficient way. The provision for flexible data rates
with different quality of service requirements can be divided into three subproblems: how
to map different bit rates into the allocated bandwidth, how to provide the desired quality
of service, and how to inform the receiver about the characteristics of the received signal.
The first problem concerns issues like multicode transmission and variable spreading. The
second problem concerns coding schemes. The third problem concerns control channel
multiplexing and coding.

Multiple services belonging to the same session can be either time- or code-multiplexed as
depicted in Fig. 36.3. The time multiplexing avoids multicode transmissions thus reducing
peak-to-average power of the transmission. A second alternative for service multiplexing
is to treat parallel services completely separate with separate channel coding/interleaving.
Services are then mapped to separate physical data channels in a multicode fashion as
illustrated in the lower part of Fig. 36.3. With this alternative scheme, the power, and
consequently the quality, of each service can be controlled independently.

36.3.4 Spreading and Modulation Solutions

A complex spreading circuit as shown in Fig. 36.4 helps to reduce the peak-to-average power
and thus improves power efficiency.

The spreading modulation can be either balanced- or dual-channel QPSK. In the balanced
QPSK spreading the same data signal is split into I and Q channels. In dual-channel QPSK
spreading the symbol streams on the I and Q channels are independent of each other. In
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FIGURE 36.3 Time and code multiplexing principles.
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FIGURE 36.4 Complex spreading.

the forward link, QPSK data modulation is used in order to save code channels and allow
the use of the same orthogonal sequence for I and Q channels. In the reverse link, each
mobile station uses the same orthogonal codes; this allows for efficient use of BPSK data
modulation and balanced QPSK spreading.

36.3.5 Coherent Detection in the Reverse Link

Coherent detection can improve the performance of the reverse link up to 3 dB compared to
noncoherent reception used by the second generation CDMA system. To facilitate coherent
detection a pilot signal is required. The actual performance improvement depends on the
proportion of the pilot signal power to the data signal power and the fading environment.
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36.3.6 Fast Power Control in Forward Link

To improve the forward link performance fast power control is used. The impact of the fast
power control in the forward link is twofold. First, it improves the performance in a fading
multipath channel. Second, it increases the multiuser interference variance within the cell
since orthogonality between users is not perfect due to multipath channel. The net effect,
however, is improved performance at low speeds.

36.3.7 Additional Pilot Channel in the Forward Link for Beamforming

An additional pilot channel on the forward link that can be assigned to a single mobile
or to a group of mobiles enables deployment of adaptive antennas for beamforming since
the pilot signal used for channel estimation needs to go through the same path as the data
signal. Therefore, a pilot signal transmitted through an omnicell antenna cannot be used
for the channel estimation of a data signal transmitted through an adaptive antenna.

36.3.8 Seamless Interfrequency Handover

For third generation systems hierarchical cell structures (HCS), constructed by overlaying
macro cells on top of smaller micro or pico cells, have been proposed to achieve high capac-
ity. The cells belonging to different cell layers will be in different frequencies, and thus an
interfrequency handover is required. A key requirement for the support of seamless inter-
frequency handover is the ability of the mobile station to carry out cell search on a carrier
frequency different from the current one, without affecting the ordinary data flow. Differ-
ent methods have been proposed to obtain multiple carrier frequency measurements. For
mobile stations with receiver diversity, there is a possibility for one of the receiver branches
to be temporarily reallocated from diversity reception and instead carry out reception on
a different carrier. For single-receiver mobile stations, slotted forward link transmission
could allow interfrequency measurements. In the slotted mode, the information normally
transmitted during a certain time, e.g., a 10 ms frame, is transmitted in less than that time,
leaving an idle time that the mobile can use to measure on other frequencies.

36.3.9 Multiuser Detection

Multiuser Detection (MUD) has been the subject of extensive research since 1986 when
Verdu formulated an optimum multiuser detector for AWGN channel, maximum likelihood
sequence estimation (MLSE) [3]. In general, it is easier to apply MUD in a system with
short spreading codes since cross-correlations do not change every symbol as with long
spreading codes. However, it seems that the proposed CDMA schemes would all use long
spreading codes. Therefore, the most feasible approach seems to be interference cancellation
algorithms that carry out the interference cancellation at the chip level, thereby avoiding
explicit calculation of the cross-correlation between spreading codes from different users [4].
Due to complexity, MUD is best suited for the reverse link. In addition, the mobile station
is interested in detecting its own signal in contrast to the base station, which needs to
demodulate the signals of all users. Therefore, a simpler interference suppression scheme
could be applied in the mobile station. Furthermore, if short spreading codes are used,
the receiver could exploit the cyclostationarity, i.e., the periodic properties of the signal, to
suppress interference without knowing the interfering codes.
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36.3.10 Transmit Diversity

The forward link performance can be improved in many cases by using transmit diversity.
For direct spread CDMA schemes, this can be performed by splitting the data stream and
spreading the two streams using orthogonal sequences or switching the entire data stream
between two antennas. For multicarrier CDMA, the different carriers can be mapped into
different antennas.

36.4 WCDMA

To aid in the comparison of cdma2000 and WCDMA, the dedicated frame structure of
WCDMA is illustrated in Figs. 36.5 and 36.6. The approach follows a time multiplex
philosophy where the Dedicated Physical Control Channel (DPCCH) provides the pilot,
power control, and rate information and the Dedicated Physical Data Channel (DPDCH) is
the portion used for data transport. The forward and reverse DPDCH channels have been
convolutional encoded and interleaved prior to framing. The major difference between the
forward and reverse links is that the reverse channel structure of the DPCCH is a separate
code channel from the DPDCH.

DPCCH _ DPDCH
P1lot Power Rate Data
Control | Info

v

A

“ 0.625 ms, 20%2* bits (k=0..6) g
Slot #1 | Slot #2 Slot #i Slot #16
< T;= 10 ms >

FIGURE 36.5 Forward link dedicated channel structure in WCDMA.

Data
DPDCH
Pilot Power Conirol Rate
DPCCH Information
< 0.625 ms, 1072 bits (k=0..6) >
Slot #1 | Slot #2 Slot #i Slot #16
< T;= 10 ms >

FIGURE 36.6 Reverse link dedicated channel structure in WCDMA.
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After framing, the forward and reverse link channels are spread as shown in Figs. 36.7
and 36.8. On the forward link orthogonal, variable rate codes, c.,, are used to separate
channels and pseudo random scrambling sequences, Cseramb, are used to spread the signal
evenly across the spectrum and separate different base stations. On the reverse link, the
orthogonal channelization codes are used as in the forward link to separate CDMA channels.
The scrambling codes, ¢, ., and ¢/ are used to identify mobile stations and to spread
the signal evenly across the band. The optional scrambling code is used as a means to group
mobiles under a common scrambling sequence.

DPDCH/DPCCH. To

Ceh Cseramb  Baseband

Filter
Q
] —

Cen: channelization code
Cseramb: Scrambling code

FIGURE 36.7 Forward link spreading of DPDCH and DPCCH.
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e Scrambling Code

D

Code »
I c s.cramh
DPDCH_’é Corany (OPtiODA])
+jQ % To
J é > Baseband
C
N § Filter
DPCCH___,é,_Q, ]

FIGURE 36.8 Reverse link spreading for the DPDCH and DPCCH.

36.4.1 Spreading Codes

WCDMA employs long spreading codes. Different spreading codes are used for cell sepa-
ration in the forward link and user separation in the reverse link. In the forward link Gold
codes of length 2'8 are truncated to form cycles of 2'¢ times 10 ms frames. In order to min-
imize the cell search time, a special short code mask is used. The synchronization channel
of WCDMA is masked with an orthogonal short Gold code of length 256 chips spanning
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FIGURE 36.9 Construction of orthogonal spreading codes for different spreading factors.

one symbol. The mask symbols carry information about the BS long code group. Thus,
the mobile station first acquires the short mask code and then searches the corresponding
long code. A short VL-Kasami code has been proposed for the reverse link to ease the
implementation of multiuser detection. In this case, code planning would also be negligible
because the number of VL-Kasami sequences is more than one million. However, in cer-
tain cases, the use of short codes may lead to bad correlation properties, especially with
very small spreading factors. If multiuser detection were not used, adaptive code allocation
could be used to restore the cross-correlation properties. The use of short codes to ease
the implementation of advanced detection techniques is more beneficial in the forward link
since the cyclostationarity of the signal could be utilized for adaptive implementation of the
receiver.

Orthogonality between the different spreading factors can be achieved by tree-structured
orthogonal codes whose construction is illustrated in Fig. 36.9 [5]. The tree-structured codes
are generated recursively according to the following equation,

o Cn,1 Cn,1
1
" Cn,1 —Cnjl
Can,2

Con = . -

' Crn Cnm
C2n,2 ’ ’
s ( Chn  ~Cnn

where Cyy, is the orthogonal code set of size 2n. The generated codes within the same layer
constitute a set of orthogonal functions and are thus orthogonal. Furthermore, any two
codes of different layers are also orthogonal except for the case that one of the two codes
is a mother code of the other. For example code ¢4 4 is not orthogonal with codes ¢;,; and
C2,2-
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36.4.2 Coherent Detection and Beamforming

In the forward link, time-multiplexed pilot symbols are used for coherent detection. Because
the pilot symbols are user dedicated, they can be used for channel estimation with adaptive
antennas as well. In the reverse link, WCDMA employs pilot symbols multiplexed with
power control and rate information for coherent detection.

36.4.3 Multirate

WCDMA traffic channel structure is based on a single code transmission for small data rates
and multicode for higher data rates. Multiple services belonging to the same connection
are, in normal cases, time multiplexed as was depicted in the upper part of Fig. 36.3. After
service multiplexing and channel coding, the multiservice data stream is mapped to one
or more dedicated physical data channels. In the case of multicode transmission, every
other data channel is mapped into Q and every other into I channel. The channel coding of
WCDMA is based on convolutional and concatenated codes. For services with BER = 1073,
a convolutional code with constraint length of 9 and different code rates (between 1/2-1/4)
is used. For services with BER = 107, a concatenated coding with an outer Reed-Solomon
code has been proposed. Typically, block interleaving over one frame is used. WCDMA is
also capable of interframe interleaving, which improves the performance for services allowing
longer delay. Turbo codes for data services are under study. Rate matching is performed
by puncturing or symbol repetition.

36.4.4 Packet Data

WCDMA has two different types of packet data transmission possibilities. Short data
packets can be appended directly to a random access burst. The WCDMA random-access
burst is 10 ms long, it is transmitted with fixed power, and the access principle is based
on the slotted Aloha scheme. This method, called common channel packet transmission, is
used for short infrequent packets, where the link maintenance needed for a dedicated channel
would lead to an unacceptable overhead. Larger or more frequent packets are transmitted
on a dedicated channel. A large single packet is transmitted using a single-packet scheme
where the dedicated channel is released immediately after the packet has been transmitted.
In a multipacket scheme the dedicated channel is maintained by transmitting power control
and synchronization information between subsequent packets.

36.5 ¢dma2000

The dedicated channels used in cdma2000 system are the fundamental, supplemental, pilot,*
and dedicated control channels. Shown for the forward link in Fig. 36.10 and for the reverse
in Fig. 36.11, the fundamental channel provides for the communication of voice, low rate
data, and signalling where power control information for the reverse channels is punctured
on the forward fundamental channel. For high rate data services, the supplemental channel
is used where one important difference between the supplemental and the fundamental
channel is the addition of parallel-concatenated turbo codes. For different service options,
multiple supplemental channels can be used. The code multiplex pilot channel allows for

1Dedicated for the reverse link and common for the forward link.
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phase coherent detection. In addition, the pilot channel on the forward link is used for
determining soft handoff and the pilot channel on the reverse is used for carrying power
control information for the forward channels. Finally, the dedicated control channel, also
shown in Fig. 36.10 for the forward link and in Fig. 36.11, for the reverse, is used primarily
for exchange of high rate Media Access Control (MAC) layer signalling.

36.5.1 Multicarrier

In addition to direct spread, a multicarrier approach has been proposed for the cdma2000
forward link since it would maintain orthogonality between the cdma2000 and TIA /EIA-
95B carriers [6]. The multicarrier variant is achieved by using three 1.25 MHz carriers for a
5 MHz bandwidth where all carriers have separate channel coding and are power controlled
in unison.

36.5.2 Spreading Codes

On the forward link, the cell separation for cdma2000 is performed by two M-sequences
of length 3 x 2%, one for I and one for Q channel, which are phase shifted by PN-offset
for different cells. Thus, during the cell search process only these sequences are searched.
Because there are a limited number of PN-offsets, they need to be planned in order to avoid
PN-confusion [7]. In the reverse link, user separation is performed by different phase shifts
of M-sequence of length 24!, The channel separation is performed using variable spreading
factor Walsh sequences, which are orthogonal to each other.

36.5.3 Coherent Detection

In the forward link, cdma2000 has a common pilot channel, which is used as a reference
signal for coherent detection when adaptive antennas are not employed. When adaptive
antennas are used, an auxiliary pilot is used as a reference signal for coherent detection.
Code multiplexed auxiliary pilots are generated by assigning a different orthogonal code to
each auxiliary pilot. This approach reduces the number of orthogonal codes available for
the traffic channels. This limitation is alleviated by expanding the size of the orthogonal
code set used for the auxiliary pilots. Since a pilot signal is not modulated by data, the pilot
orthogonal code length can be extended, thereby yielding an increased number of available
codes, which can be used as additional pilots. In the reverse link, the pilot signal is time
multiplexed with power control and erasure indicator bit (EIB).

36.5.4 Multirate Scheme

cdma2000 has two traffic channel types, the fundamental and the supplemental channel,
which are code multiplexed. The fundamental channel is a variable rate channel which
supports basic rates of 9.6 kbps and 14.4 kbps and their corresponding subrates, i.e., Rate
Set 1 and Rate Set 2 of TIA/EIA-95B. It conveys voice, signalling, and low rate data. The
supplemental channel provides high data rates. Services with different QoS requirements
are code multiplexed into supplemental channels. The user data frame length of cdma2000
is 20 ms. For the transmission of control information, 5 and 20 ms frames can be used
on the fundamental channel or dedicated control channel. On the fundamental channel a
convolutional code with constraint length 9 is used. On supplemental channels convolutional
coding is used up to 14.4 kbps. For higher rates Turbo codes with constraint length 4 and
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rate 1/4 are preferred. Rate matching is performed by puncturing, symbol repetition, and
sequence repetition.

36.5.5 Packet Data

cdma2000 also allows short data burst using the slotted Aloha principle. However, instead
of fixed transmission power it increases the transmission power for the random access burst
after an unsuccessful access attempt. When the mobile station has been allocated a traffic
channel, it can transmit without scheduling up to a predefined bit rate. If the transmission
rate exceeds the defined rate, a new access request has to be made. When the mobile
station stops transmitting, it releases the traffic channel but not the dedicated control
channel. After a while it also releases the dedicated control channel as well but maintains
the link layer and network layer connections in order to shorten the channel set-up time
when new data needs to be transmitted.

36.5.6 Parametric Comparison

For comparison, Table 36.1 lists the parameters of cdma2000 and WCDMA. cdma2000 uses
a chip rate of 3.6864 Mcps for the 5 MHz band allocation with the direct spread forward link
option and a 1.2288 Mcps chip rate with three carriers for the multicarrier option. WCDMA
uses direct spread with a chip rate of 4.096 Mcps. The multicarrier approach is motivated by
a spectrum overlay of cdma2000 carriers with existing TIA/EIA-95B carriers [6]. Similar
to EIA/TIA-95B, the spreading codes of ¢cdma2000 arc generated using different phase
shifts of the same M-sequence. This is possible due to the synchronous network operation.
Since WCDMA has an asynchronous network, different long codes rather than different
phase shifts of the same code are used for the cell and user separation. The code structure
determines how code synchronization, cell acquisition, and handover synchronization are
performed.

36.6 TDMA-Based Schemes

As discussed, TIA/EIA-136 and GSM evolution have similar paths in the form of EDGE.
The UWC-136 IMT 2000 proposal contains, in addition to the TIA/EIA-136 30 kHz car-
riers, the high rate capability provided by the 200 kHz and 1.6 MHz carriers shown in
Table 36.2. The targets for the IS-136 evolution were to meet IMT-2000 requirements and
an initial deployment within 1 MHz spectrum allocation. UWC-136 meets these targets
via modulation enhancement to the existing 30 kHz channel (136+) and by defining com-
plementary wider band TDMA carriers with bandwidths of 200 kHz for vehicular/outdoor
environments and 1.6 MHz for indoor environments. The 200 kHz carrier, 136 HS (vehicu-
lar/outdoor) with the same parameters as EDGE provides medium bit rates up to 384 kbps
and the 1.6 MHz carrier, 136 HS (indoor), highest bit rates up to 2 Mbps. The parameters
of the 136 HS proposal submitted to ITU are listed in Table 36.2 and the different carrier
types of UWC-136 are shown in Fig. 36.12.

36.6.1 Carrier Spacing and Symbol Rate

The motivation for the 200 kHz carrier is twofold. First, the adoption of the same physical
layer for 136 HS (Vehicular/Outdoor) and GSM data carriers provides economics of scale
and therefore cheaper equipment and faster time to market. Second, the 200 kHz carrier
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TABLE 36.1

Parameters of WCDMA and cdma2000

36-15

WCDMA

cdma2000

Channel bandwidth

Forward link RF channel
structure

Chip rate

Roll-off factor
Frame length

Spreading modulation

Data modulation

Coherent detection

Channel multiplexing in
reverse link

Multirate
Spreading factors
Power Control

Spreading (forward link)

Spreading (reverse link)

Handhover

5, 10, 20 MHz

Direct spread

4.096/8.192/16.384 Meps

0.22
10 ms / 20 ms (optional)

Balanced QPSK (forward link)
Dual channel QPSK (reverse link)
Complex spreading circuit

QPSK (forward link)

BPSK (reverse link)

User dedicated time multiplexed pi-
lot {forward link and reverse link),
common pilot in forward link
Control and pilot channel time
multiplexed

1&Q multiplexing for data and con-
trol channel

Variable spreading and multicode
4-256 (4.096 Mcps)
Open and fast closed loop (1.6 kHz)

Variable length orthogo-
nal sequences for channel separa-
tion. Gold sequences for cell and
user separation

Variable length orthogo-
nal sequences for channel separa-
tion. Gold sequence 241 for user
separation (different time shifts in
1 and Q channel, cycle 2'6 10 ms
radio frames)

Soft handover
Interfrequency handover

1.25, 5, 10, 15, 20 MHz

Direct spread or multicarrier

1.2288/3.6864,/7.3728/11.0593/14.7456
for direct spread
nx1.2288 Mcps (n=1,3,6,9,12) for multicarrier

Similar to TIA/EIA-95B

20 ms for data and control/5ms for control infor-
mation on the fundamental and dedicated con-
trol channel

Balanced QPSK (forward link)

Dual channel QPSK (reverse link)

Complex spreading circuit

QPSK (forward link)

BPSK (reverse link)

Pilot time multiplexed with PC and EIB (re-
verse link)

Common continuous pilot channel and auxiliary
pilot (forward link)

Meps

Control, pilot fundamental, and supplemental
code multiplexed
1&Q multiplexing for data and control channels

Variable spreading and multicode
4-256 (3.6864 Mcps)
Open loop and fast closed loop (800 Hz)

Variable length Walsh sequences for channel
separation, M-sequence 3 X 215 {same sequence
with time shift utilized in different cells differ-
ent sequence in [&Q channel)

Variable length orthogonal sequences for chan-

i a8
nel separation, M-sequence 218 (same for all
users different sequences in 1&Q channels), M-

sequence 24 for user separation (different time
shifts for different users)

Soft handover
Interfrequency handover

with higher order modulation can provide bit rates of 144 and 384 kbps with reasonable
range and capacity fulfilling IMT-2000 requirements for pedestrian and vehicular environ-
ments. The 136 HS (Indoor) carrier can provide 2 Mbit /s user data rate with a reasonably
strong channel coding.

36.6.2 Modulation

First proposed modulation methods were Quaternary Offset QAM (Q-O-QAM) and Binary
Offset QAM (B-O-QAM). Q-O-QAM could provide higher data rates and good spectral
efficiency. For each symbol two bits are transmitted and consecutive symbols are shifted
by 7/2. An offset modulation was proposed, because it causes smaller amplitude variations
than 16QAM, which can be beneficial when using amplifiers that are not completely linear.
The second modulation B-O-QAM has been introduced, which has the same symbol rate
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TABLE 36.2 Parameters of 136 HS

136 HS (Vehicular/Outdoor) 136 HS (Indoor)
Duplex method EFDD FDD and TDD
Carrier spacing 200 kHz 1.6 MHz
Modulation Q-0-QAM Q-0-QAM
B-0O-QAM B-0-QAM
8 PSK
GMSK
Modulation bit rate 722.2 kbps (Q-O-QAM) 5200 kbps (Q-O-QAM)
361.1 kbps (B-O-QAM) 2600 kbps (B-O-QAM)

812.5 kbps (8 PSK)
270.8 kbps (GMSK)

Payload 521.6 kbps (Q-O-QAM) 4750 kbps (Q-O-QAM)
259.2 kbps (B-O-QAM) 2375 kbps (B-O-QAM)
547.2 kbps (8 PSK)
182.4 kbps (GMSK)

Frame length 4.615 ms 4.615 ms
Number of slots 8 64 (72 us)
16 (288 us)
Coding Convolutional Convolutional
1/2, 1/4, 1/3, 1/1 1/2, 1/4, 1/3, 1/1
ARQ Hybrid Type II ARQ
Frequency hopping Optional Optional
Dynamic channel allocation  Optional Optional
30 kHz 200 kHz 1.6 MHz

1S-136 HS 1S~136 HS Indoor
Outdoor/Vehicular

FIGURE 36.12 UWC-136 carrier types.

IS-136/1S-136+

of 361.111 ksps, but where only the outer signal points of the Q-O-QAM modulation are
used. For each symbol one bit is transmitted and consecutive symbols are shifted by 7/2. A
second modulation scheme with the characteristic of being a subset of the first modulation
scheme and having the same symbol rate as the first modulation allows seamless switching
between the two modulation types between bursts. Both modulation types can be used in
the same burst. From a complexity point of view the addition of a modulation, which is
subset of the first modulation, adds no new requirements for the transmitter or receiver.

In addition to the originally proposed modulation schemes, Quaternary Offset QAM (Q-
0-QAM) and Binary Offset QAM (B-O-QAM), other modulation schemes, CPM (Contin-
uous Phase Modulation) and 8-PSK, have been evaluated in order to select the modulation
best suited for EDGE. The outcome of this evaluation is that 8 PSK was considered to have
implementation advantages over Q-O-QAM. Parties working on EDGE are in the process
of revising the proposals so that 8 PSK would replace the Q-O-QAM and GMSK can be
used as the lower level modulation instead of B-O-QAM. The symbol rate of the 8 PSK will
be the same as for GMSK and the detailed bit rates will be specified early in 1999.
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36.6.3 Frame Structures

The 136 HS (Vehicular/Outdoor) data frame length is 4.615 ms and one frame consists
of eight slots. The burst structure is suitable for transmission in a high delay spread
environment. The frame and slot structures of the 136 HS (Indoor) carrier were selected for
cell coverage for high bit rates. The HS-136 Indoor supports both FDD and TDD duplex
methods. Figure 36.13 illustrates the frame and slot structure. The frame length is 4.615 ms
and it can consist of

e 64 1/64 time slots of length 72 us
e 16 1/16 time slots of length 288 us

In the TDD mode, the same burst types as defined for the FDD mode are used. The
1/64 slot can be used for every service from low rate speech and data to high rate data
services. The 1/16 slot is to be used for medium to high rate data services. Figure 36.13
also illustrates the dynamic allocation of resources between the reverse link and the forward
link in the TDD mode.

Switching point between
uplink and downlink

Downlink Uplink
TDMA Frame ItﬁMHz
Ihl
oy N 4.615ms
B N P
" \\
1/64 Slat 72 s ~ .
N
~
~
H ~
1/16 Slat 288 ps

FIGURE 36.13 Wideband TDMA frame and slot structure.

The physical contents of the time slots are bursts of corresponding length. Three types
of traffic bursts are defined. Each burst consists of a training sequence, two data blocks,
and a guard period. The bursts differ in the length of the burst (72 ps and 288 ps) and
in the length of the training sequence (27 symbols and 49 symbols) leading to different
numbers of payload symbols and different multipath delay performances (Fig. 36.14). The
number of required reference symbols in the training sequence depends on the length of
the channel’s impulse response, the required signal-to-noise ratio, the expected maximum
Doppler frequency shift, and the number of modulation levels. The number of reference
symbols should be matched to the channel characteristics, remain practically stable within
the correlation window, and have good correlation properties. All 136 based schemes can
use interference cancellation as a means to improve performance [8]. For 136 HS (Indoor),
the longer sequence can handle about 7 us of time dispersion and the shorter one 2.7 us. It
should be noted that if the time dispersion is larger, the drop in performance is slow and
depends on the power delay profile.
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B TB_ GP
3 3 11
Data symbols TS Data symbols :
342 49 342
< 288 us >
B T8 GP T8 ™ GP
3 3 \10.5 3 3 105
Data [1o Data : Data TS Data | !
symbois 27 symbols | symbols 49 symbols
72 72 : 61 61 |
<— 72 ps—————p D ) —

FIGURE 36.14 Burst structure.

36.6.4 Multirate Scheme

The UWC-136 multirate scheme is based on a variable slot, code, and modulation struc-
ture. Data rates up to 43.2 kbps can be offered using the 136+ 30 kHz carrier and multislot
transmission. Depending on the user requirements and channel conditions a suitable com-
bination of modulation, coding, and number of data slots is selected. 136 HS can offer
packet switched, and both transparent and nontransparent circuit switched data services.
Asymmetrical data rates are provided by allocating a different number of time slots in
the reverse and forward links. For packet switched services the RLC/MAC protocol pro-
vides fast medium access via a reservation based medium access scheme, supplemented by
selective ARQ for efficient retransmission.

Similar to 136 HS (Outdoor/Vehicular), the 136 HS (Indoor) uses two modulation schemes
and different coding schemes to provide variable data rates. In addition, two different slot
sizes can be used. For delay tolerant packet data services, error control is based on a
Type II hybrid ARQ (automatic repeat request) scheme [5]. The basic idea is to first send
all data blocks using a simple error control coding scheme. If decoding at the receiver
fails, a retransmission is requested using a stronger code. After the second retransmission,
diversity combining can be performed between the first and second transmissions prior to
hard decisions. This kind of ARQ procedure can be used due to the ability of the RLC/MAC
protocol to allocate resources fast and to send transmission requests reliably in the feedback
channel [5].

36.6.5 Radio Resource Management

The radio resource management schemes of UWC-136 include link adaptation, frequency
hopping, power control, and dynamic channel allocation. Link adaptation offers a mech-
anism for choosing the best modulation and coding alternative according to channel and
interference conditions. Frequency hopping averages interference and improves link perfor-
mance against fast fading. For 136 IS (Indoor) fast power control (frame-by-frame) could
be used to improve the performance in cases where frequency hopping cannot be applied,
for example, when only one carrier is available. Dynamic channel allocation can be used for
channel assignments. However, when deployment with minimum spectrum is desired, reuse
1/3 and fractional loading with fixed channel allocation is used.

36.7 Time Division Duplex (TDD)

The main discussion about the IMT-2000 air interface has been concerned with technologies
for FDD. However, there are several reasons why TDD would be desirable. First, there will
likely be dedicated frequency bands for TDD within the identified UMTS frequency bands.
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Furthermore, FDD requires exclusive paired bands and spectrum is, therefore, hard to find.
With a proper design including powerful FEC, TDD can be used even in outdoor cells. The
second reason for using TDD is flexibility in radio resource allocation, i.e., bandwidth can
be allocated by changing the number of time slots for the reverse link and forward link.
However, the asymmetric allocation of radio resources leads to two interference scenarios
that will impact the overall spectrum efficiency of a TDD scheme:

e asymmetric usage of TDD slots will impact the radio resource in neighboring
cells, and

e asymmetric usage of TDD slots will lead to blocking of slots in adjacent carriers
within their own cells.

Figure 36.15 depicts the first scenario. MS2 is transmitting at full power at the cell
border. Since MS1 has a different asymmetric slot allocation than MS2, its forward link
slots received at the sensitivity limit are interfered by MS1, which causes blocking. On
the other hand, since the BS1 can have much higher EIRP (effective isotropically radiated
power) than MS2, it will interfere BS2’s ability to receive MS2. Hence, the radio resource
algorithm needs to avoid this situation.

In the second scenario, two mobiles would be connected into the same cell but using
different frequencies. The base station receives MS1 on the frequency fl using the same
time slot it uses on the frequency f2 to transmit into MS2. As shown in Table 36.3, the
transmission will block the reception due to the irreducible noise floor of the transmitter
regardless of the frequency separation between f1 and 2.

TABLE 36.3  Adjacent Channel Interference Calculation

BTS transmission power for MS2 in forward link 1W 30 dBm
Received power for MS1 —100 dBm
Adjacent channel attenuation due to irreducible noise floor 50 to 70 dB

Signal to adjacent channel interference ratio —60 to —80 dB

Both TDMA- and CDMA-based schemes have been proposed for TDD. Most of the TDD
aspects are common to TDMA- and CDMA-based air interfaces. However, in CDMA-based
TDD systems the slot duration on the forward and reverse links must be equal to enable
the use of soft handoff and prevent the interference situation described in the first scenario.
Because TDMA systems do not have soft handoff on a common frequency, slot imbalances
from one BS to the next are easier to accommodate. Thus, TDMA-based solutions have
higher flexibility. The frame structure for the wide band TDMA for the TDD system was
briefly discussed in the previous section. WCDMA. has been proposed for TDD in Japan
and Europe. The frame structure is the same as for the FDD component, i.e., a 10 ms
frame split into 16 slots of 0.625 ms each. Each slot can be used either for reverse link or
forward link. For cdma2000, the TDD frame structure is based on a 20 ms frame split into
16 slots of 1.25 ms each.

36.8 Conclusions

Third generation cellular systems are a mechanism for evolving the telecommunications
business based primarily on voice telephony to mobile wireless datacomm. In light of events

in TIA, ETSI, and ARIB, ¢cdma2000, WCDMA, and EDGE will be important technologies
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used to achieve the datacomm goal. Standardization related to radio access technologies
discussed in this chapter were underway at the time of writing and will offer the Euro-
pean, U.S., and Japanese markets both CDMA and TDMA third-generation options. In
comparing CDMA evolution, the European, U.S., and Japanese based systems have some
similarities, but differ in the chip rate and channel structure. In the best circumstances,
some harmonization will occur between cdma2000 and WCDMA making deployment of
hardware capable of supporting both systems easier. In TDMA, the third generation paths
of GSM and TIA /ETA-136 are through a common solution. This alignment will offer TDMA
systems an advantage in possible global roaming for data services. In spite of the regional
standards differences, third generation will be the mechanism for achieving wireless multi-
media enabling services beyond the comprehension of second generation systems.

Acknowledgments

The authors would like to thank Harri Holma, Pertti Lukander, and Antti Toskala from
Nokia Telecommunications, George Fry, Kari Kalliojarvi, Riku Pirhonen, Rauno Ruismaki,
and Zhigang Rong from Nokia Research Center, Kari Pehkonen from Nokia Mobile Phones,
and Kari Pulli from the University of Stanford for helpful comments. In addition, contri-
butions related to spectrum and modulation aspects from Harri Lilja from Nokia Mobile
Phones are acknowledged.

References

[1] ITU-R M.1225, Guidelines for Evaluation of Radio Transmission Technologies for IMT-2000,
1998.

[2] Special Issue on IMT-2000: Standards Efforts of the ITU, IEEE Pers. Commun., 4(4), Aug.
1997.

[3] Verdu, S., Minimum probability of error for asynchronous gaussian multiple access, I[EEE
Trans. on IT., IT-32(1), 85-96, Jan. 1986.

{4] Monk, A.M. et al., A noise-whitening approach to multiple access noise rejection—Pt I: Theory
and background, IEEE J. Select. Areas Commun., 12(5), 817-827, Jun. 1997.

(5] Nikula, E., Toskala, A., Dahlman, E., Girard, L., and Klein, A., FRAMES multiple access for
UMTS and IMT-2000, [EEFE Pers. Commun., Apr. 1998.

[6] Tiedemann, E.G.,]r., Jou, Y-C., and Odenwalder, J.P.,, The evolution of IS-95 to a third generation.
system and to the IMT-2000 era, Proc. ACTS Summit, Aalborg, Denmark, 924-929, Oct.
1997.

[7] Chang, C.R., Van, J.Z., and Yee, M.E,, PN offset planning strategies for nonuniform CDMA
networks, Proc. VT'C’97, 3, Phoenix, Arizona, 1543—1547, May 4-7, 1997.

[8] Ranta, P, Lappeteldinen, A., and Honkasalo, Z-C., Interference cancellation by joint detection in
random frequency hopping TDMA networks, Proc. ICUPC96, 1, Cambridge, MA, 428-432,
Sept./Oct. 1996.

678



Index

4B3T, 6-14

A-law companding, 3-9
AB, 27-5
access grant control channel, 27-8
access method, 17-1
CDMA, 17-2,17-13
choosing the, 17-1
code division multiple access, 17-10
comparison and outlook, 17-12
CcT2, 17-7
FDMA, 17-2, 17-12
frequency division multiple access, 17-4
frequency domain, 17-2
influence of antenna height, 17-6
multiple, 22-13
multiple access, 17-1
preference, 17-3
random access channel, 17-9
spatial domain, 17-1
TDMA, 17-2, 17-12
time division multiple access, 17-7
wireless communication system characteris-
tics, 17-3
ACCH, 27-4
ACELP encoder, 28-11
ACELP encoding, 28-12
ACT, 18-29
ACS, 21-3
activity detection, 26-5
ad hoc networks, 34-9
adaptive codebook, 30-5
adaptive differential pulse code modulation, 15-8
adaptive equalizer, 5-9, 5-16
adaptive intra refresh, 31-15
adaptive linear equalizer, 5-14
adaptive link control, 27-15
adaptive precoding, 4-19
adaptive time frame alignment, 27-9
ADC, 27-3
adding new channels, 21-3
additional pilot channel in the forward link for
beamforming, 36-6
additive white Gaussian noise channel, 9-1
address mapping table, 32-8
adjacent channel interference, 18-29, 21-11
administration center, 27-3
ADPCM, 15-8
advanced mobile phone service, 33-10
advanced mobile phone system, 1-11
AGCH, 27-8
AIR, 31-15
air interface of second generation systems, 26-1
algebraic codebook structure and search, 28-11
algorithm
algebraic decoding, 10-4
backward recursion, 28-6

679

channel allocation, 21-4
channel assignment, 21-6
Chien’s search, 10-5
coding, 6-14
complexity, 31-16
control, 35-15
DCA, 23-5
decoding, 10-14
establishment, 29-2
FLAT, 28-6
for location estimation, 24-2
interference cancellation, 36-6
LCMR estimation, 20-26
least mean square, 7-5
LMS, 5-16, 7-6
location, 24-3
maximum likelihood decoding, 10-10
multiuser ST receive, 19-7
postprocessing, 31-9
power control, 17-12, 23-6
PSI-CELP, 30-8
radio prediction, 21-5
reset-K, 20-21, 20-23
running average, 20-21, 20-22
search, 11-3
sequential decoding, 10-10
single-user ST receive, 19-7
speech encoding, 14-12
stochastic gradient, 5-16
tracking, 11-3
two simple distributed, 20-30
two simple on-line, 20-30
video, 31-9
Viterbi, 10-10, 18-33, 30-14
Viterbi decoding, 18-27
aliased frequency response, 4-5
alternate line code, 6-10
alternate mark inversion, 6-8
alternative view of mobile networks, 32-9
AMI, 6-8
amplitude distortion, 5-1
amplitude modulation, 1-3, 1-8, 22-12
amplitude response, 5-1
AMPS, 1-11, 24-7, 25-1, 33-10
analog frequency modulation, 16-2
analysis of database traffic rate for GSM, 20-12
analysis of database traflic rate for IS-41, 20-12
analysis of GSM, 20-14
analysis of 1S-41, 20-13
angle diversity, 12-4
angle-modulated signal, 1-10
angle of arrival, 24-2
Annex K, 31-15
Annex N, 31-17
ANSI T1, 14-1, 14-9
antenna beamforming, 26-6
antenna-delay, 12-5
antenna design, 21-1



I-2

antenna hopping/phase rolling, 12-6
antijam, 11-1

antijam communication, 11-8
aperiodic correlation, 8-8

aperiodic crosscorrelation, 8-9
aperture effect, 2-9

architecture and reference model, 34-10
ARDIS, 33-6

ARQ, 12-5, 31-1

ATM, 35-1, 35-2

AUC, 27-3

authentication center, 27-3
automatic frequency correction, 29-3
automatic repeat reQuest, 31-1
automatic request for repeat, 12-5
average transmitted power, 4-17
average transmitter power, 15-8
AWGN, 6-3, 9-1, 13-2

B channel, 29-5
backward handover control flow, 35-24
bad frame masking, 28-11
band-limited signal, 2-3
bandpass waveform, i-2
bandwidth, 13-1, 13-3, 18-33, 36-3
availability, 35-9
change indication, 35-14
channel coherence, 18-9
coherence, 12-3, 12-4, 18-13, 18-14, 18-17
comparison, 6-17
division, 29-2
efficiency, 16-1
efficiency plane, 13-3
excess, 4-7, 5-8, 16-4
expansion, 28-8
fading, 18-20
higher, 31-18
increased, 10-2
limited and power limited coded system,
13-10
limited system, 13-4
limited uncoded system, 13-6
minimum, 4-6, 4-8, 13-6
multiple, 34-2
Nyquist, 4-6
Nyquist minimum, 13-5
of PCM, 3-6
renegotiation, 35-9
requirement, 13-6, 29-1, 31-1, 35-7, 35-10
satellite communications, 34-9
signal, 18-2
zero, 18-21
zero excess, 4-13
base, 31-17
base station coverage, 21-7
base stations, 27-2
baseband equivalent signals, 4-2
baseband pulse, 4-2
baseband pulse shapes, 4-20
baseband signalling
and pulse shaping, 4-1

INDEX

example, 4-2, 4-20
intersymbol interference, 4-4
Nyquist criterion, 4-4
PAM, 4-2
baseband signals, 4-2
baseband transversal filter, 7-10
baseband waveform, 1-3
basic location strategies, 20-2
BasicFIND, 20-16~20-18, 20-30
BCCH, 27-3
BCI, 35-14
BDT, 14-5
beamforming, 36-6
BER, 27-15
binary N zero substitution, 6-11
binary on-off keying, 6-3
binary pulse amplitude modulation, 4-2
binary symmetric channel, 10-2
bipolar signalling, 6-2
BISDN, 34-2
BISDN intercarrier interface, 34-4
bit error ratio, 27-15
block interleaving, 10-13, 30-7, 36-10
block motion compensation, 31-1
BNZS, 6-11
bounded distance decoding, 10-4
british cordless telephone standard, 29-1
british standard MPT-1375, 29-2
broadband integrated services digital network,
34-2
broadcast control channel, 27-3
BSC, 10-2
BSIC, 27-9
burst, 27-5
burst formats, 29-5
burst structure, 29-3
burst synchronization channel, 29-5

cache hit, 20-16
cache miss, 20-16
CacheFIND, 20-16-20-18
caching, 20-21
conditions when, 20-27
disabled, 20-26
in PCS, 20-27
per-user, 20-30
per-user location, 20-16
policy, 20-29
strategy, 20-2, 20-22
threshold analysis, 20-17
CAI 29-1
call delivery, 20-8
call flow diagrams, 20-11
capacity of a mobile network, 26-2
cardinal series, 2-3
carrier frequency, 1-1
carrier sense multiple access, 32-5
carrier spacing and symbol rate, 36-14
CC, 27-5
CCCH, 27-4
CClI, 19-6

680



INDEX

CCIR, 14-2
CCITT, 14-2
CDMA, 11-11, 12-1, 12-5, 15-38, 15-42, 17-2,
18-1, 22-4, 22-12, 22-13, 24-7, 34-8,
35-3, 36-2, 36-4, 36-6, 36-7, 36-19
15-95, 22-13
CDMA-based schemes, 36-2
CDMA system design, 36-3
CDMA systems, 23-6
cdma200, 36-1
cdma?2000, 36-10
CDPD, 33-10
CDPD network, 33-10
CELL_BAR_ACCESS, 27-15
cell coverage, 21-6
cell design
adding new channels, 21-3
adjacent channel interference, 21-11
antenna design, 21-1
application examples, 21-9
base station coverage, 21-7
basic design steps, 21-4
cell coverage, 21-6
cellular principles, 21-2
choice of reuse pattern, 21-4
cochannel interference, 21-11
definition of the service area, 21-4
definition of the traffic profile, 21-4
design checkup, 21-5
directed retry, 21-6
field measurements, 21-5
frequency regulation and planning, 21-1
interference, 21-10
location of the base stations, 21-4
modulation, 21-1
performance measures, 21-2
principle, 21-1
propagation model, 21-7
radio coverage prediction, 21-5
radio propagation, 21-1
software design, 21-2
switching exchange, 21-2
system expansion techniques, 21-3
system requirements, 21-2
teletraffic, 21-2 -
traffic engineering, 21-5
transmission planning, 21-1
cell split, 21-3
cell train, 35-6
cellular data network and services, 33-10
cellular digital packet data, 33-10
cellular mobile radio system, 15-8
cellular principles, 21-2
cellular systems, 15-8, 17-1, 17-12, 21-4, 25-1,
26-1
and power control, 25-2
cochannel interference, 24-10
delay spread, 17-5, 17-8
digital, 20-9
DS/CDMA, 25-2
first generation, 16-1
GSM, 17-10

-3

location error, 24-9
location in, 24-7
pan-European, 27-1
suboptimal, 17-12
CELP, 30-5
CEPT, 14-6
CFP, 29-3
CFP-initiated link setup procedure, 29-10
change cell pattern, 21-3
channel, 18-17
channel allocation algorithm, 21-4
channel assignment, 29-2, 36-18
algorithm, 21-6
CDMA systems, 23-6
dynamic, 23-4
enhanced fixed, 23-3
fixed, 22-4, 23-2
fixed and dynamic, 23-1
initial, 17-9
on demand, 17-9
problem, 17-7
resource assignment problem, 23-1
techniques, 21-4, 23-1
channel coding, 28-1, 28-4, 31-2, 36-11, 36-15
channel coding and interleaving, 28-10
channel coding for ACELP encoding, 28-12
channel coding/forward error correction, 12-4
channel coding techniques, 30-6
channel coherence bandwidth, 18-9
channel decoder, 30-1
channel derivation techniques, 23-1
channel distortion, 5-1
channel encoder, 30-1
channel equalization, 9-13, 22-10
adaptive, 5-15
adaptive equalizer, 5-9
adaptive linear equalizer, 5-14
characterization of channel distortion, 5-1
characterization of intersymbol interference,
5-2
decision-feedback equalizer, 5-18
fractionally spaced equalizer, 5-11
linear equalizer, 5-9
maximum-likelihood sequence detection, 5-21
preset equalizer, 5-9
symbol-spaced equalizer, 5-10
zero-forcing equalizer, 5-10
channel equalizer, 5-9, 29-1
channel fluctuations, 25-3
channel-induced ISI, 18-10
channel marker (CHM), 29-5
channel modulation, 36-1
channel parameters, 13-17
channel signal, 36-4
chip rate, 36-3
chip time, 11-3
CHM, 29-5
CHMF, 29-6
CHMP, 29-6
circuit mode techniques, 26-13
circular error probability, 24-6
CITEL, 14-1, 14-8



I-4

city street microcells, 22-5
classes of block codes, 10-5
classification error-resilience technique, 31-10
cluster, 21-2
CMI, 6-11
CNI, 27-17
coarse alignment, 11-3
cochannel interference, 11-13, 21-2, 21-11, 25-1
code division multiple access, 17-2, 17-10, 22-4,
24-7-24-9, 32-5
code domain, 17-2
code mark inversion, 6-11
code rate, 10-2
codebook, 30-5
algebraic, 28-11
gain values, 28-9
orthogonalization of the, 28-9
search, 28-8
codebooks, 28-4
codec, 30-2
codec selection, 30-3
coding, 6-1, 17-5, 25-3
4B3T, 6-14
and interleaving, 17-8
aspects, 31-2
BCH, 34-18
channel, 22-10, 28-12, 31-2, 36-11, 36-15
convolutional, 30-7, 34-7, 36-2, 36-11
duobinary, 6-16, 6-17
error-correction, 13-7, 17-10, 18-13, 18-28,
18-30
error resilient video, 31-6
examples of ternary, 6-14
FEC, 10-14, 34-16
format, 6-2
forward error correction, 10-1, 27-8
fundamental block, 10-3
gain, 10-2, 10-10, 10-12, 13-15
Gray, 13-9, 13-14
layered, 31-17
manchester, 6-8
modulate, 12-6
multimedia, 31-10
normal, 31-16
NRZ, 6-2
principles of convolutional, 10-6
PST, 6-14
rate, 30-6
RCPC, 34-16
region-based, 31-16
repetition, 18-30
RZ, 6-2
scheme, 36-4
schemes, 13-1
space-time, 12-6
speech, 29-2
tandem, 30-3
technique, 31-17
ternary, 6-14
video, 31-4
coherence bandwidth, 12-3, 12-4, 18-13, 18-14,
18-17

INDEX

coherence distance, 12-2
coherence time, 12-3, 12-5, 18-17
coherent detection, 36-11
coherent detection and beamforming, 36-10
coherent detection in the reverse link, 36-4
column distance, 10-9
comfort noise insertion, 27-17
common line coding formats, 6-2
communication
air-to-ground, 25-7
antijam, 11-8
binary, 9-4
channel, 9-1, 31-17
commercial, 11-11
coverage, 14-5
downlink, 32-4
error-free, 29-15
global system for mobile, 20-9
GSM, 29-2
high-quality mobile, 27-19
industry, 14-1
link, 34-2
link design, 12-2
location strategies for personal, 20-2
low-cost personal, 29-
military, 11-8
mobile, 9-10
multiple access, 11-11
personal, 34-1
privacy and security of, 15-22
problems in, 9-6
radio, 5-19
spread spectrum, 11-1
standards, 14-2
system characteristics, 17-3
system digital, 13-1
system model, 4-1
systems, 6-1, 11-1, 13-3
tetherless portable, 34-6
uplink, 32-4
video, 31-1, 31-5
wireless multimedia, 36-1
wireless video, 31-1, 31-2
compact power density spectrum, 16-1
compandor, 3-9
comparisons with other technologies, 15-25
complex envelope representation, 1-2
complexity algorithm, 31-16
compression, 3-9
compression law, 3-9
concatenated codes, 10-13
concentric cells, 26-7
concept of duality, 18-18
connection forwarding, 35-21
connection redirect, 35-21
conservation of power, 13-18
constituent codes, 10-13
continuous phase modulation, 16-7
control algorithm, 35-15
control flow, 35-19
control signal, 31-4
convolutional codec, 27-5

682



INDEX

convolutional coding, 36-2, 36-11
cordless fixed part, 29-3

cordless portable part, 29-3
cordless systems, 26-1

cordless telephone, 15-5, 17-1, 25-1, 25-7, 29-1

applications, 17-4, 17-6
proper functioning, 17-6
relevant parameters, 17-4
standard, 17-8
systems, 17-11
with very small cells, 17-12
covariance lattice, 28-6
coverage quality, 26-9
coverage quality enhancements, 26-12
CPM, 16-7
CPP, 29-3
CPP identifier, 29-13
CPP-initiated link setup procedure, 29-10
Cramér-Rao Lower Bound, 24-6
CRC, 10-5
crosstalk
increase, 6-11
increased, 6-15
limitations, 6-1
reduced, 6-17
CT, 29-1
CT-2 cordless phone, 29-1
basic features, 29-2
burst format, 29-5
burst structure, 29-3
CFP, 29-10
codewords, 29-13
CPP, 29-10
guard period, 29-4
handshaking, 29-13
main features, 29-16
main parts, 29-2
multiple access structure, 29-3
power control, 29-4
power ramping, 29-4
propagation delay, 29-4
radio interface, 29-3
signalling layer two, 29-7
standard, 29-2
transmission issues, 29-3
CT2, 23-5, 25-1
CT2PLUS, 25-9
cycle, 20-23
cyclic code, 10-4
cyclic redundancy check, 10-5, 28-4, 30-10

D channel, 29-5

data, 31-3

data codewords, 29-8
data modulation, 18-14
data partitioning, 31-13
data transmission, 27-5
database traffic, 20-15
DB, 27-5

DC content, 6-2

dc wander, 6-2

683

I-5

DCA, 23-5, 29-1
DCW, 29-8
decision boundary, 9-6
decision-directed mode, 5-16
decision-feedback equalizer, 5-18, 5-19
decoding
accurate, 10-13
algorithms, 10-4, 10-14
bounded distance, 10-4
first step in, 10-4
incorrect, 10-13
iterative, 10-13
maximum likelihood, 10-9, 10-10
of block codes, 10-3
of convolutional codes, 10-10
sequential, 10-10
techniques, 10-5
Viterbi, 10-10, 10-13
decompression, 3-9
DECT, 22-10, 23-5, 29-1, 29-3
definition of the service area, 21-4
definition of the traffic profile, 21-4
degradation categories, 18-10
degradation categories due to signal-time spread-
ing, 18-14
degradation categories due to time variance, 18-18,
18-23
dehopping, 11-5
deinterleaver, 30-7
delay distortion, 5-1
delay-locked loop, 11-3
delay modulation, 6-10, 11-8
delivery of calls, 20-15
demodulation, 7-12, 15-11
dense-scatterer channel model, 18-14
design of a PCM system, 3-11
designed distance, 10-5
despreading, 11-1
detection theory, 9-3
deterministic methods, 21-6
deviation, instantaneous frequency, 1-11
deviation, peak frequency, 1-11
DFE, 5-19
DFWMAC, 32-7
diffuse component, 18-8
digital biphase, 6-8
digital cellular, 34-8
digital cellular data services, 33-13
digital cellular pocket handsets, 15-21
digital communication system, 5-2, 6-1, 13-7
amount of IS] in, 5-7
amount of noise in, 5-7
bandwidth consideration, 13-3
channel, 13-1
channel equalizers, 5-15
defining a, 13-3
efficient, 13-4
example, 13-6, 13-9, 13-10, 13-15
performance, 13-1, 13-19
power consideration, 13-3
simplified model, 10-1
digital cordless telephones, 15-21



I-6

digital european cordless telecommunication, 22-10,
29-1
digital signal, 18-21
digital signalling, 18-21
direct sequence, 17-2
modulation, 11-2
spread spectrum, 11-8, 17-6, 32-3
spread spectrum coded system, 13-15
spreading, 17-10
directed retry, 21-6
discontinuous transmission, 26-5, 27-17
discrete data channel, 10-1
discrete Fourier transform, 7-12
discrete time signal model, 19-5
dispersive channels, 9-12
distance profile, 10-9
distributed foundation wireless MAC, 32-7
diversity
angle, 12-4
basic principle, 12-1
combining on bit error rate, 12-10
combining techniques, 12-6
effect of, 12-10
equal gain combining, 12-8
frequency, 12-4
gain, loss of, 12-9
maximal ratio combining, 12-7
path, 12-5
performance, 12-11
polarization, 12-4
schemes, 12-3
selection combining, 12-6
space, 12-3
techniques, 12-1
time, 12-5
transformed, 12-5
transmit, 36-6
Doppler frequency, 5-2
Doppler power spectral density, 18-19
Doppler-shift domain, 18-19, 18-23
Doppler spread, 18-20
downlink communication, 32-4
DPCCH, 36-7
DS, 13-15
DS/CDMA, 25-1
DS/SS, 18-34
DSSS, 32-3
DTX, 27-1
duality concept, 18-18
duobinary coding, 6-16, 6-17
duplexing, 17-1
dynamic channel allocation, 15-8
dynamic channel assignment, 23-4
dynamic framework for QoS control, 35-9
dynamic TDMA, 35-3

echo attenuation, 7-14
echo cancellation, 7-1
for OFDM, 7-13
for orthogonal frequency division multiplex-
ing systems, 7-11

INDEX

for pulse-amplitude modulation systems, 7-2
for quadrature amplitude modulation sys-
tems, 7-9
echo cancellers, 30-3
echoes, 30-3
EDGE, 36-1
effective radiated power, 13-2
effects of noise, 3-6
EIR, 27-3
EIRP, 13-2
enhanced fixed channel assignment, 23-3
enhancement, 31-17
envelope delay, 5-1
envelope properties, 16-1
equal gain combining, 12-8
equipment identity register, 27-3
equivalent discrete time transfer function, 4-5
equivalent low-pass signal, 5-2
erasures, 10-3
ERP, 25-7
error-correction coding, 18-13, 18-28, 18-30
error floor, 18-24
error, probability of, 6-2
error propagation, 6-17
error resilient video coding, 31-6
error resilient video decoding, 31-8
error signal, 5-16
error tracking, 31-15, 31-16
ETS, 14-6
ETSI, 14-1
European CTs, 29-1
evolution of technologies, 15-5
excess bandwidth, 4-7, 5-8, 16-4
expandor, 3-9
expansion, 3-9
extrinsic information, 10-13
eye diagram features, 4-11
eye diagrams, 4-10
eye pattern, 5-7

FACCH, 27-5
fading, 12-1, 13-1, 16-1, 16-13, 17-5, 21-1, 21-11,
25-3, 25-4, 25-9, 35-9
active, 12-6
bandwidth of the channel, 18-20
channel, 17-8, 18-2, 18-9, 18-10, 18-21,
18-30, 31-1, 34-16

channel model, 18-18
channel, Rayleigh, 18-1
combatting channel, 27-4
environment, 36-5
fast, 18-18, 18-24, 25-6, 36-18
flat, 16-4, 18-10, 18-16, 18-28
frequency selective, 9-12
frequency-selective, 18-10, 18-14
in a communication channel, 18-36
independent, 12-5
large-scale, 18-3, 18-5, 18-6
log-normal, 18-6
mild, 29-1
model, 18-10

684



INDEX

multipath, 18-2, 24-7, 24-9, 33-2

path-loss mean, 18-6

performance in, 18-28

phenomena, 18-36

rapidity, 18-36

rapidity of the channel, 18-17

rate, 17-5, 18-20, 18-24

Rayleigh, 12-6, 18-3, 27-13, 32-3

Rician, 18-8

selective, 12-2, 12-6

signal, 27-12

slow, 18-18

small-scale, 18-3, 18-5, 18-8

standard deviation, 18-6

statistic and mechanism, 18-8
fast fading, 18-18, 18-24, 36-18

fast-fading and frequency-selective fading distor-

tion, 18-31

fast-fading distortion, 18-30

fast frequency-hopped systems, 11-5

fast power control in forward link, 36-5

FCA, 23-2

FCB, 27-5

FCCH, 27-10

FDD, 15-11

FDD system, 19-4

FDMA, 11-11, 17-2, 22-4, 25-1, 35-3
BSs, 22-12

FEC, 10-1, 12-4, 12-5, 31-1, 31-17, 34-16

feedback filter, 5-19

feedbacks, 30-3

feedforward filter, 5-19

FFH, 11-5

FH, 27-2

FHSS, 32-3

FIND, 20-16, 20-21

fine alignment, 11-3

finite field, 10-4

fixed and dynamic channel assignment, 23-1

fixed channel allocation, 15-11

fixed channel assignment, 23-2

fixed format packet, 29-9

fixed point-to multipoint wireless loops, 15-17

fixed wireless loops, 15-22

FLAT, 30-11

flat fading, 18-10, 18-16, 18-28

flat-top sampling, 2-6, 2-8

FM, 1-10, 18-23

format type, 29-8

forward error correction, 31-1, 31-17
additional measures, 10-13
applications, 10-14
classes of block codes, 10-5
codecs, 29-1
coding, 10-1, 27-8
decoding of block codes, 10-3
decoding of convolutional codes, 10-10
fundamental block coding, 10-3
principles of convolutional coding, 10-6
structure of block codes, 10-3
Trellis-coded modulation, 10-10
turbo codes, 10-13

685

I-7

forward error resilience, 31-10
forward handover, 35-28
forward link, 19-4, 25-2, 25-3
forward link performance, 36-5
forward link processing at the mobile, 19-9
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