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1. Introduction

The Advanced Mobile Phone System is one of the earliest commercial cellular systems
and is still deployed widely in North America and other countries. AMPS is found on the
cellular (800 MHz) bands only. AMPS is an analog FM system, and thus can suffer from
eavesdropping, interference, signal-strength limited power management and
uncorrectable multi-path fading.

CDMA was first introduced over the cellular band with dual mode (AMPS/CDMA)
capable handsets. The presence of two radio access technologies in a single GEO
required a more sophisticated system selection that can provide a mechanism for
selection between AMPS and CDMA systems. Initially the handset user interface
required the user to specify:

= CDMA only
=  AMPS only
=  CDMA preferred
=  AMPS preferred

This approach had the limitation of requiring user intervention and, at a time when
search time was slower than today’s devices, the lack of geographic segmentation
meant inefficient periodic reselection algorithm when operating on not the most preferred
system. The arrival of CDMA into the PCS bands brought a new set of problems of how
to specify the PCS frequencies over which to attempt acquisition. The cellular band had
a limited number of preferred anchor frequencies (Primary A, Secondary A, Primary B
and Secondary B) however the PCS band had a total of 42 preferred CDMA channels.
These limitations were addressed by the introduction of the preferred roaming list. The
PRL is a data structure in a phone's non-volatile (NV) memory.

The Preferred Roaming List (PRL) is a database that assists the mobile in the
acquisition and selection of a serving CDMA network. The PRL is fundamental for
operators since it is through the PRL that the home operator informs their mobile devices
about systems that are permitted and any order of preference in the permitted systems
and even about any systems that are prohibited. Although it is possible to operate (in the
800 MHz cellular band only) without a PRL, it is common today for every CDMA handset
to have a PRL. In considering the subject of PRLs, questions often arise in
understanding:

= The purpose of a PRL
= The structure of a PRL
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How to build a PRL

How a PRL is used by the mobile
How to manage and distribute PRLs
How an 1xEV-DO PRL is different
How to test a PRL

How PRL enhancements work

The PRL provides an operator with the flexibility to specify the search behavior of its
mobiles in both home and roaming markets. Through the use of a preferred roaming list,
acquisition time is optimized to provide service as quickly as possible. The PRL also
contains information to indicate the roaming status of the current serving network.

The record structure of a PRL is defined in the 1S-683 family of standards. These
standards describe PRLs that are capable of describing systems using 1S95, CDMA2000
1x, CDMA2000 1x/IS-95 1xEV-DO, GSM/GPRS and UMTS. The structure of a PRL, and
how each of these systems is described in a PRL, is discussed in this paper

A PRL guides the process of system determination and selection but the PRL itself does
not describe how that function is realized. The function of selecting a network using the
PRL as the selection criteria is not covered by any of the standards and is left to vendor
implementation.

1.1 Identification of a CDMA Network

The identification of a network can mean
many things to many people. Often there is a

regulatory identification of the market.

1.1.1 Regulatory Markets &
Frequency Licenses

In the United States in the 1980s, in an
attempt to protect against anti-competitive
behavior, authorities mandated a duopoly
structure for the fledgling cellular industry. At Regulatory
the outset of this mandate, local wire-line

companies were automatically granted one of

the two licenses in the cellular band in every

market in which they provided wire-line

Operator B’s
Commercial markets

Operator A’s
Commercial markets

markets

The Market

service (the B Band). The second license (A

Band) for each market was initially drawn by

Figure 1-1 Identification of Networks

lottery and later auctioned. Later PCS Block
auctions also followed.

In most countries a regulatory body governs (or licenses) the use of commercial radio
frequency spectrum. The regulator generally divides the market up in two domains, a
geographic domain and a frequency domain.
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= The geographic domain divisions, sometimes called regulatory markets, are the
physical areas of the country; in the United States they are called Geographic
Region Service Areas (GRSA)

= The frequency domain divisions are the individual licensed frequency allocations

A license is usually the right to use a particular frequency allocation in a particular
regulatory market. Thus, if the regulator divides frequency spectrum into 8 bands, and
divides the country into 50 markets, then there are potentially 400 licenses.

A licensee can choose to offer retail commercial service and be an operator or to
wholesale the capacity to a retail operator. The term ‘operator’ generally means the
organization that installs the network and sells service to customers. Regulatory markets
may be identified by some kind of geographic and frequency designator which may not
have meaning outside of the regulatory context.

1.1.1.1 Commercial Markets

Regulatory market divisions, while being good administrative tools, may not align with
the operator’'s commercial markets. Often the commercial market is a combination of a
number of licenses which may span many regulatory markets — which may or may not
be all in the same frequency band.

From the commercial operators perspective a commercial market can mean many
things; it can be a city, or an area of a city, it can a county, state or some other region
defined as a network boundary.

In CDMA, every system identifies itself by broadcasting its hame. This name comprises
its system identification (SID) and its network identification (NID). These identities are
configured by the operator. One operator may choose to have all systems in a particular
area broadcast the same identity while another may choose a lesser or greater
granularity.

1.1.2 Identification of a CDMA System

There are four specific pieces of identity information that a CDMA network broadcasts
about itself:

= System Identification Code (SID)

= Network Identification Code (NID)

= Mobile Country Code (MCC)

= Mobile Network Code (MNC) or IMSI_11 12

Of course, the actual radio frequency (band and/or channel) can also be used in
identification.

1.1.3 System ldentification Code
The system identification code (SID) is a 15-bit binary number that can be represented
by a five-digit decimal number. The SID is used by a network to identify itself such that a
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mobile device can make a determination on whether or not to attach to the network and
whether or not it is roaming. Each SID is globally unique and assigned to a particular
operator. The SID is also used within the MSC identity and to properly route roaming call
records for billing among roaming partners.

A SID is allocated to a carrier by its national telecommunications authority or an
appointed agent. The SID is assigned and administered from the country’s allocation of
SID range. A SID range is allocated to an administrator by the International Forum on
ANSI-41 Technology (IFAST). There are cases where system identification codes are
being used outside of the bounds of their IFAST allocation. The known SID conflicts are
detailed on the IFAST web site at http://www.IFAST.org.

In the United States, a SID for the cellular band (800MHz) was originally assigned by the
Federal Communications Commission (FCC) and was a required part of a license
application. In August 2002, the Commission adopted an order! which eliminated the
SID as a required element of the license and transitioned the administration of SIDs to
administrators in the private sector. There are six cellular SID administrators that can
issue a SID in the US. USA SID administration for the PCS band (1850 - 1990 MHz) is
performed by CIBERNET. PCS SIDs were originally assigned by CIBERNET according
to the FCC auctioned PCS license areas?, however; recently there has been
consolidation of SIDs to commercial markets.

1.1.4 Network Identification Code

The Network Identification code (NID) is a 16-bit binary number that can be represented
by a five-digit decimal number. The use of a NID by the mobile device to identify a
network is optional. The NID is used to subdivide the SID namespace. Each NID is
unique to a particular SID. A NID is locally assigned and administered by the operator
owning the SID.

1.1.5 Mobile Country Code

The mobile country code (MCC) identifies the country in which the network operates.
MCCs are issued by the Telecommunications Standardization Body (TSB) of the
International Telecommunications Union (ITU) and are globally unique. A list of existing
and valid mobile country codes can be found on the ITU web site at
http://www.itu.int/itudoc/itu-t/ob-lists/icc/index.html.

1 The FCC eliminated the use of SIDs and the SID assignment process in its entirety as part of
the license application and as a part of the FCC Year 2000 Biennial Regulatory Review
(Amendment of Part 22 of the Commission’s Rules to Modify or Eliminate Outdated Rules
Affecting the Cellular Radiotelephone Service and other Commercial Mobile Radio Services, WT
Docket No. 01-108, Report and Order, FCC 02-229 (released Sept. 24, 2002), the section 22.941
of the Commission Rules, 47 C.F.R. § 22.941).

2 PCS license areas, which follow the Rand McNally definition of Major Trading Areas (MTAs)
and Basic Trading Areas (BTAS)
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1.1.6 Mobile Network Code

A mobile network code (MNC) identifies a particular network within a mobile country
code and is thus unique within a particular MCC. While recent standards allow for an
MNC of two or three digits, the majority of deployed commercial infrastructure uses a
two digit MNC (irrespective of technology). In CDMA the MNC is often referred to as the
IMSI_11_12. Every CDMA system broadcasts its MCC and IMSI_11 12 (MNC).

An MNC is issued by in-country administrators (a regulatory body or an appointed
agent). Administrators are requested to keep the TSB informed of MNC allocations. A list
of existing and valid mobile country codes can be found on the ITU web site at
http://www.itu.int/ITU-T/inr/forms/mnc.html.

1.1.7 Home Network ldentity

Every commercial, public service, mobile network can be described by the Home
Network Identity (HNI). In some technologies, this HNI is sometimes referred to as the
PLMN-Id (Public Land Mobile Network Identity). The HNI is comprised of a mobile
country code (MCC) and a mobile network code (MNC). Since recent standards allow for
an MNC of two or three digits, some administrators now allocate a six-digit HNI (i.e. a
three-digit MCC and a three-digit MNC). In the case where the majority of the deployed
base of commercial infrastructure can only use a two-digit MNC (again, irrespective of
technology) the allocation guidelines have generally been temporarily adjusted so that
only an agreed two of the allocated three digits are broadcast and that integrity is
preserved. Such is the case in the US.

1.1.8 Radio Frequency — Band Class and Channel

Every CDMA system operates on a particular frequency, or more specifically, a
particular channel within a particular band class. Band class is the term used to describe
the standards segmentation of the frequency spectrum. Channel describes an allocation
of a portion of bandwidth within a band class; channel number only has meaning in the
context of a band class. The bandwidth of a channel varies across band classes. Band
classes and channels are described in the 3GPP2 document C.S0057. See section
1.1.10.

The band class can be used to further characterize a CDMA system in addition to
combining the broadcast identity together with the some classification of the radio
frequency on which the system is operating.

1.1.9 Identification Attributes Applicable to PRLs

The short discussion above yields five attributes that can be used to identify a CDMA
system:

= System identification

= Network identification

= Mobile country code
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= Mobile network code
= Radio frequency (band-class)

In the context of the PRL, two combinations of three of these attributes are available to
be used for the purposes of system selection.

The most commonly used combination is:

= System identification code (SID)
= Network identification code (NID)
= Radio frequency (band-class)

Later discussions will show the capability for the PRL to describe systems in terms of the
three attributes of:

= Mobile country code (MCC)
= Mobile network code (MNC or IMSI_11_12)
= Radio frequency (band-class)

1.1.10 Applicable Standards

Table 1-1 lists the standards that apply to PRL as they are discussed in this document.
Both the TIA name and the 3GPP2 equivalent name is give as is the location where
these standards can be downloaded free of charge.

Table 1-1 Applicable Standards and Location
TIA Name 3GPP2 Name Title Download Location

Introduction to cdma2000

http://3gpp2.org/Public_html/s

TIA/EIA 1S-2000 C.S0001-0 v3.0 Spread Spectrum Systems

Release 0 pecs/C.S0001-0 v3.0.pdf

Over-the-Air Service

http://3gpp2.org/Public _html/s

Provisioning of Mobile

IS-683-A C.S0016-0 v1.0 Stations in Soread pecs/C.S0016-
P Owith3Gcover.pdf

Spectrum Systems

Over-the-Air Service

Provisioning of Mobile http://3gpp2.org/Public_html/s
TIA-683-B C.S0016-Av2.0 | giations in Spread pecs/C.S0016-A v2.0.pdf

Spectrum Systems

Over-the-Air Service

Provisioning of Mobile http://3gpp2.org/Public_html/S
TIA-683-C C.S0016-BV10 | giations in Spread pecs/C.S0016-B_v1.0.pdf

Spectrum Standards

Over-the-Air Service

TIA-683-D C.S0016-C v1.0 | Provisioning of Mobile http.//3gpp2.org/Public_html/s
; ) pecs/C.S0016-
Stations in Spread
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TIA Name 3GPP2 Name Title Download Location

Spectrum Standards C_v1.0 _041025.pdf

(4.7MB)

Removable User Identity

Module (RUIM) for . .

http://3gpp2.org/Public_html/s

IS-820 C.S0023-0v2.0 | cdma2000 Spread Decs/CS0023-0.pdf

Spectrum Systems

(357KB)

Removable User Identity

Module for Spread http://3gpp2.org/Public_html/s
1S-820-1 €.S0023-0v4.0 Spectrum Systems pecs/C.S0023-0 v4.0.pdf

(546KB)

Removable User Identity

Module for Spread http://3gpp2.org/Public_html/s
TIA-820-A-1 €.S0023-Av1.0 Spectrum Systems pecs/C.S0023-A v1.0.pdf

(558KB)

Removaple User I9entty | hiip:/3qpp2.org/Public_htmils
TIA-820-A-1 C.S0023-A v2.0 P pecs/C.S0023-

Spectrum Systems
(846KB)

A v2.0 021004.pdf

TIA-820-A-2[E]

C.S0023-Av3.0

Removable User Identity
Module for Spread
Spectrum Systems
(799KB)

http://3gpp2.org/Public_html/s

pecs/C.S0023-
A v3.0 041220.pdf

Removable User Identity
Module for Spread

http://3gpp2.org/Public _html/s

TIA-820-B C.S0023-B v1.0 Spectrum Systems pecs/C.S0023-
(830KB) B _v1.0 040426.pdf
cdma2000 High Rate . .
1S-856-0 C.S0024-0v2.0 | Packet Data Air Interface | Ta-/ 34002 ora/EubIic_himils
Specification (1.8MB) B : D
cdma2000 High Rate . .
1S-856-1 C.S0024-0v3.0 | Packet Data Alr Interface | 1122/ 3P0 OAIP C_mils
Specification (2.6MB) : =
cdma2000 High Rate ) .
1S-856-2 C.50024-0v4.0 | Packet Data Ar Interface | D124/ 3P0 0IAIEwR Ctmils
Specification (2.3MB) . =
cdma2000 High Rate http://3gpp2.org/Public_html/s
TIA-856-A C.S0024-Av1.0 Packet Data Air Interface pecs/C.S50024-
Specification (5.4MB) A v1.0 040331.pdf
TIA-1030 C.S0057-0v1.0 Band-class Specification http://3gpp2.org/Public_html/s
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TIA Name 3GPP2 Name Title Download Location
for CDMA-2000 Spread pecs/C.S0057-
Spectrum Systems 0 _v1.0 020904.pdf
. http://3gpp2.org/Public_html/s
ANSI/TIA/EIA 41- Cellular Radio pecs/N.S0005-

N.S0005-0 v1.0

Telecommunications

D Intersystem Operation 0 (Cellular_Intersystem) v1.0
pv.pdf
http://3gpp2.org/Public_html/s
IS-725-A N.S0011-0 v1.0 OTASP and OTAPA pecs/N.S0011-0 v1.0.pdf
International
Implementation of
ANSI/TIA/EIA- Wireless http://3gpp2.org/Public_html/s
TSB-29D N.S0017-Bv1.0 Telecommunication pecs/N.S0017-B.pdf

Systems Compliant With
ANSI/TIA/EIA-41
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2. Preferred Roaming List Overview

2.1 What is a Preferred Roaming List (PRL)?

The PRL is often considered in two subtly different ways depending on an individual's

particular context:

=  Some see the PRL as a set of RF channels on which to search for service and
the description of systems that can be found on those channels.

= Others look at the PRL as being a list of mobile network systems that a mobile
device is allowed to access and the frequencies on which they can be found.

Both are, of course, correct. The preferred
roaming list is a device resident database. It
does contain an indexed list of frequencies
on which to search for particular systems.
The PRL contains a list of systems that a
device is permitted to access and those that
it is explicitly forbidden to access. The list of
systems is known as the System Table and
the list of frequencies is known as the
Acquisition Table.

The PRL contains information to assist the
mobile station in system selection and the
acquisition process. It indicates which
systems the mobile station should use
(preferred systems) and those which should
not be used by the mobile station (negative
systems). In addition to indicating which
systems are preferred or negative, the PRL
has information, which can help to optimize
the acquisition time.

Acquisition Table

Channels/

Network Type Block

Cellular CDMA (Standard Channels) B

Cellular CDMA (Standard Channels) A

Cellular Analog A

Cellular Analog B

PCS CDMA (Using Channels) 425
PCS CDMA (Using Blocks F

- Selection Roaming  Acquisitit
Pref  Indicator Index

First
SID/NID Second

SID/NID Second

SID/NID

hi
C
Forbidden
Systems SID/NID
SID/NID

System Table

Figure 2-1 Conceptual Representation

of the PRL

The PRL is built by an operator, loaded into the mobile device and is not accessible by
the user. The full definition of the PRL is fully described in the standards — specifically

the 1S-683 family of standards, from revision A to revision E.
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2.1.1 CDMA'’s Automatic System Selection

Network selection in CDMA is fully automatic. There is no capability for manual override
by the user. While some devices may allow a user to influence the general behavior of
selecting a system, regardless of the PRL, CDMA does not provide the user with a
selectable list of available systems.

2.2 PRL Structure
The structure of the PRL is shown in Figure 2-2 and comprises three major sections:

= A properties set (header information) that provides general information about the
PRL
= An acquisition table which lists all the frequencies that the device can search

= A system table which describes the systems

2.2.1 PRL Header Information

The PRL header information describes the properties of the whole PRL. These
properties describe aspects such as its name (or identity), default behavior and the type
of PRL.

2.2.2 Acquisition Table

The acquisition table contains acquisition records. An acquisition record provides the
band and frequencies that the mobile station is to use when searching to acquire a
system.

Acquisition records are listed in priority order (highest priority first) in the acquisition
table. The channels in the ‘CHAN’ field of the records are also listed in the priority order.

2.2.3 PRL Header Information

The PRL header information describes the properties of the whole PRL. These
properties describe aspects such as its name (or identity), default behavior and the type
of PRL.

2.2.4 Acquisition Table

The acquisition table contains acquisition records. An acquisition record provides the
band and frequencies that the mobile station is to use when searching to acquire a
system.

Acquisition records are listed in priority order (highest priority first) in the acquisition
table. The channels in the ‘CHAN’ field of the records are also listed in the priority order.
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Figure 2-3 PRL Structure

2.2.5 System Table

The system table contains records describing a system. The system table is divided into
one or more distinct segments; these are called geographical areas, or GEOs. A system
record belongs to a geographical area. A geographical region would normally be used to
group a set of systems found in the same physical region. Certain other aspects of a
system record only have relevance within the context of a GEO, e.g. priority.

A system, in the context of the system table, is identified by its SID and NID. Each
system table record has an indicator, which determines within which geographic area a
particular system belongs.

Other indicators declare whether the system is preferred (permitted) or negative
(prohibited). Allowed systems can have relative priority with respect to each other within
a geographic region, effectively making some systems more preferred than others. The
priority that a system has is relative to the other systems in the same GEO. The most

PRL

@—{ Properties U

PRL identty |

Preferred Only Indicatorﬂ

Default Roam Indicator U

p
@—{ System Table U
—7
21 Geographic Area U
-' A
|21}/ |System Record)
@ System Identification (SID)
o]
Network Identification (NID)

@ Preferred or Negative Indicator

)
)
)
o] )
)
)

Elll Selection Priority
-
Acquisition Tabl U 0]1) Roam Indicator
cquisition Table
' : @ Acquisition Record Link

! Acquisition Record 9
(—7
n’ Acquisition Type U

l
[>1]}-{ Band, Block, Channel U

Figure 2-2 PRL Structure

preferred system is the most desired system and what the mobile device will always try
to obtain for service. There is no limit to the number of priorities that can be present
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within a GEO. There can be multiple systems of equal priority. In describing systems
listed in the PRL system table it is useful to consider them as outlined in Table 2-1.

Table 2-1 System Types in Context of the System Table

System Type Description

Preferred Defined by the PRL as ‘Preferred’ — i.e. in the PRL and not explicitly
prohibited

Most Preferred The most preferred system within its GEO

Less Preferred Preferred but not the most preferred system or negatively preferred
system in that GEO

Negative A system defined in the PRL for which the Neg/Pref field is set to
‘Negative’

Available A system that has been found but is not listed in the PRL's system
Table.

A system record contains an acquisition index, which is a link to a particular record in the
acquisition table that describes the radio frequencies where this system can be found.

The unique index of a PRL system table entry, as interpreted by the system selection
software, is implementation dependent and could be one of:

= The (SID, NID) pair & band-class (of the channels) described in the acquisition
record

= The (SID, NID) pair and the specific channels of the acquisition record

It is good practice to design PRLs on the premise that the former is the only one
guaranteed to be true.

Also included in the system record is the roaming status that should be indicated by the
mobile station when it obtains service from the system described by the system table
entry.

2.3 Function of the Preferred Roaming List

The PRL assists the mobile in the acquisition and system selection process as governed
by the system determination algorithms of the particular implementation. The PRL
informs the device’s system determination function as to which systems are permitted,
preferred and prohibited. The use of a PRL speeds up acquisition and provides the
operator with flexibility in specifying mobile search behavior in both the home and
roaming markets.

The operator is able to specify whether a ‘roam’ condition is to be indicated on the
mobile’s display and, in the case where the extended roaming indicators (ERI) are
supported, a richer set of indicators can be selected for display.
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The PRL standards (at various revisions) allow for the specification of a PRL covering
CDMA One systems (1S-95), CDMA2000 (1xRTT) systems, 1S-856 systems (CDMA2000
1x/1S-95 1XEV-DO) and UMTS/GSM systems.

2.3.1 Operating without a PRL

Without a PRL a mobile station can scan only in the standard channels of Band Class 0
and Band Class 1. The mobile station’s system selection behavior, in terms of choosing
a preferred system, is determined by non-volatile (NV) memory parameters.!

Since PRLs have many advantages, few, if any, mobile devices operate without a PRL.

2.3.2 Disabling the PRL

Generally, all TIA/EIA-2000 compliant devices are manufactured with a PRL. However,
there is often a device resident non-volatile (NV) memory parameter? that can be used to
enable or disable the PRL. If the PRL is disabled then the mobile device uses something
called the default roaming list concept for operation on band class 0 and band class 1
networks only. In some cases, a device may go ‘offline’ when the PRL is disabled.

Operation without a PRL is not common and is not addressed in this document.

2.4 Where is the PRL and How Does it Get There?

The PRL can be stored in either NV-RAM or RUIM. An initial or default PRL would be
loaded prior to distribution. A new PRL can be loaded at a customer service center using
service programming tools or over the air using Over the Air Service Provisioning
(OTASP). See section 3.

Although the PRL is defined in the OTASP specification, OTASP systems are not
required in order to use PRLs. However, OTASP facilitates ease of updates once
handsets are in the customer’s hands and as new roaming partners are added.

1‘NV_SYSTEM_PREF_I'="Standard’ and ‘NV_PREF_MODE_I' = ‘NV_MODE_AUTOMATIC’
2 ‘NV_PRL_ENABLED_[
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3. Updating the PRL Over the Air

Over the Air Service Provisioning (OTASP)

is the term used most often to refer to how / ANSIAL Core Network \
a PRL can be downloaded over the air to a = (157
mobile device. See Figure 3-1. Billing  Customer gervie System

Some terminology clarification may be H
useful here:

p

Over the air service provisioning

(OTASP) is generally understood to
mean service provisioning activities
that are initiated by the user. | CDMA RAN (1S-683)

OTA Platform

Over the Air Parameter
Administration (OTAPA) is generally
understood to mean service
provisioning activities that are
initiated by the network.

Over The Air Function (OTAF) is the

language used in the standards to describe the functionality required to deliver
the ability of OTASP or OTAPA without specifying it to be one or multiple
physical systems.

The OTA platform is the actual system that operators purchase to deliver the over
the air function (OTAF). It is this system that maintains the multiple PRLs that
have been built by the operator and that are available for download. The number
of PRL variations that an OTA platform can store is vendor specific. The PRL that
a particular customer should get would be configured by the operator and could
depend on various factors, including device type and subscribed service plan.

System Selection for Preferred Roaming (SSPR) is the standards language for
PRL

Customer Service Center (CSC) is the call center, or automated voice response
unit (AVRU), to which a user is connected. The CSC determines what type of
service programming is to be performed. SSPR, or PRL download, is only one of
the capabilities that are available under OTASP.

“( (R

BSC

A%
/
T

Figure 3-2 OTASP Architecture
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3.1 Which Standards Apply to PRL Download Over the Air?

The format for the PRL is actually contained in the standard which describes Over the
Air Service Provisioning (OTASP). There are two standards that cover OTASP:

= |S-683 describes the MS to BTS interaction, specifically, defining the OTASP
protocols and the messages that can be sent over the air encapsulated in the
CDMA Data Burst Message. This includes the definition of the PRL.

= |S-725 describes the core network interactions between the OTA platform, the
MSC, the CSC and the HLR as appropriate.

3.2 1S-683/I1S-725 Over the Air PRL Update Process

There are two ways in which the over the air download can happen, one that the user
initiates: OTASP; and one that the network initiates: OTAPA.

3.2.1 User Initiated PRL Download

This is the more common technique, and requires that the user take the initial action by
making a call using the activation feature code: *ACT or *228.

= User dials the OTA feature code (*ACT)
= User selects PRL update at voice response unit (VRU) prompt

= OTA platform selects the appropriate PRL to send to the device based on factors
including handset, service plan, etc.

=  OTA platform downloads PRL to the user over its IS-725 data connection to the
MSC and then over the air using the 1S-683 protocol

= VRU may play music during this time
= Handset resets on completion of the PRL download

3.2.2 Network Initiated PRL Download

This is where the network initiates an OTAPA session with the mobile device and
performs the PRL download without user intervention. This requires that both the
network and the device are OTAPA capable and that the OTAPA capability is not
disabled.

A subscriber parameter administration security mechanism (SPASM) exists to ensure
that only authorized entities can download to the device. When the device parameters
are protected, the mobile device requests a 'signature' from the network and, at the
same time, calculates a signature itself. The OTA system, upon receiving the device's
challenge, will request the HLR to obtain an authentication signature (from the
authentication center). The OTA system forwards the signature to the MS. Only when
the MS reports that the two signatures match can the PRL download proceed.
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3.2.3 Update of PRL Outside of Home Network

The standards do not preclude the ability to connect to another service provider's OTA
system; however, this requires cooperation and configuration by both operators to:

= Re-direct to the home network CSC and/or OTA system

= Allow roamer’s home network OTA system to communicate with partner
network’s serving MSC

= Verify all MSC capabilities

Of course there is the obvious problem that the PRL must have permitted access to the
serving system in order to be able to make the call to the CSC at all.

Assuming that the PRL contains sufficient information to access the serving system, the
only reason to perform an update remotely would be if there was a change in the
systems or preferences for that market or if ‘fuller detail’ for the market was needed.
Each of these situations would be part of any PRL management strategy.

Remote PRL download is something that partner operators would have to individually
consider and plan to accommodate. The serving network would need to route to the
appropriate CSC and OTA platform.

Current trends would appear to limit service programming, including PRL updates, to the
‘home network’ jurisdiction. PRL updates are generally not available outside the ‘home’
network and even then, in some environments, PRL updates may not be available
outside of the user's Home Service Area within that network

3.3 Non I1S-683 Standard PRL Update (using SMS)

In some markets, SMS is used as the transport and distribution mechanism for the PRL.
Generally, this can only apply to markets where the operator has specified mobile
devices to use the removable user identity module (RUIM) and where those device have
additional supporting software installed (this software is referred to as the UIM toolkit or
UTK).

In this case, the PRL is segmented and sent in one or more SMS messages and
transmitted to the mobile station with an identified sequence. This technique requires the
specification and recognition of a special form of teleservice for an IS-637-A SMS.
Software support on both the handset and the RUIM is normally required to reformulate
the one or more special SMS messages into a reconstituted PRL that can be committed
to the PRL memory location.
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4. PRLs for 1x/1S-95 & Analog Systems

This section takes a deeper look at how a network identifies itself, how the mobile
recognizes a network and how to specify a system in the PRL. This section fully
describes the contents of the PRL.

4.1 How the CDMA Network Identifies Itself

Recapping from earlier, every CDMA system operates on a particular frequency or
CDMA channel. CDMA systems have a frequency re-use of one, achieved by a timing
offset between across cells. Based on this we can say that every CDMA system is
uniquely identifiable by the combination of:

= System Identification Code (SID)

= Network Identification Code (NID)

= Radio Frequency Channel (Band-class, channel)

= Timing offset (actually known as a PN offset)
Clearly, to try and describe every cell in the home and visited networks is too detailed,
and it is not necessary. The PRL limits its level of granularity, for unique system
identification to:

= System Identification Code (SID)

= Network Identification Code (NID)

= Band Class.

Every CDMA base station broadcasts its system and network identities in system
overhead messages.
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Extending the previous discussion on licenses
and commercial markets, Figure 4-1shows a
situation where operators have licenses in
adjacent markets and on different frequency
bands.

In this example, the operators consider the two
regulatory markets to be the same commercial
market and, therefore, assign the same SID to
each.

Armed with this information, the PRL can now be
cracked open and its definitions and contents
fully explained from the standards perspective,
and also, how one might see it presented in a
PRL editor.

4.2 Anatomy of the PRL from Editor 9% Same SIb on biflren
requencies

The PRL has three major components, the

header, the system table and the acquisition table (see Figure 4-2). In this section we
look at the PRL as you might see it in PRL editor and then that to the standard
definitions of the PRL data structures. In each instance, a discussion follows to explain

@ sample. prl PRL Properties =1
Froperties
Fioaming List Type:  |1S-683E - Default Roaming Indicatar: 2
Prefered Qnly: [ Freferred Roaming List 1D:  \PRLID
Eaici Acquisition Table B][= %]
Acquisition Recards =)
iy Acquisition Type Channel 1 Channel 2 Chanrel 3 Channel 4 Channel 5 Charnel 6 Channel 7 Channel 8
1] CDMA Cellular [standard) E Eoth
1 COMA Cellular [standard) B Both
2 Analog Cellular A
3 Analog Cellular B
4 COMAPLS [charnek)  CHANNEL | E Sample. prl System Table [;]@
=] COMA FLS [channels) CHANNEL
B CDMA PCS (blocks) E
System Records i‘
Index System Type Meg/Fref | Geoogiaphy | Prionty | Acglindex | Foam Indicator 5D MNID
i} 95(4, B)1x Pret Mew  Same 0 1 SiD 65535
1 954, B)1x Pref Same  Same 1 1 SiD B8535
2 958, B) 18 Fref Same Same 0 1 SiD 65535
3 95[4 8] Pref Same  Same 1} 1} SiD B8535
4 95(4, B)1x Pret Same Mare 0 1} SiD 65535
5 5[4 B) 14 Pret Same  Game 4 0 sl RS
g 5(4,B)/ 1w Pret Same  Same 7 i sSiD 5535
7 9E[8, BT Pref Sarmne More 7 0 SiD B5535
El 95(4,B)1x Pret Same  Same 0 1} SiD 65535
| 9508, 8) 18 Pref Same Same 0 0 SiD 65535
10 95(5. 8] 18 Fref Same More 1} 0 SID B5535
G | 5[4 B)41 Pret Same Same 1 1] SiD B5535
12 95[4, 8]/ 1. Meg Sarne Same 0 0 SiD BSS?i,ﬂ
4 | 3

the meaning relate.

Figure 4-2 Example PRL Editor View
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4.3 PRL Header Information

4.3.1 Editor View

The PRL Header information describes the properties of the whole PRL. These
properties describe aspects such as its name (or identity), default behavior and the type
of PRL.

Figure 4-3 shows how a PRL editor may display the PRL properties

2 Sample.prl [Z]@

Froperties
Roaming List Type: |15-6838 +|  Default Roaming Indicator; 2
Prefamed Only. | Prefered Roaming List ID:  \PRLID

Figure 4-3 Example Editor View of PRL Header

4.3.2 What it Describes and What it Means

The information in the header as defined by the standard is described in Table 4-1. Only
the shaded portions are displayed in the editor. The rest (the un-shaded part of the
table) really describes the size, packaging and housekeeping overhead which we can
rely on tools, such as a PRL editor, to add based on the dimensions of the final PRL.

Table 4-1 PRL Header Information

Field Length (bits)
PR_LIST_SIZE 16
PR_LIST_ID 16
PREF_ONLY 1

DEF_ROAM_IND
NUM_ACQ_RECS 9

NUM_SYS_RECS 14

ACQ_TABLE variable
SYS_TABLE variable
RESERVED 0 to 7 (as needed)
PR_LIST_CRC 16

The Roaming List Type in this particular editor view refers to which particular standards
revision describes this PRL (this one is 1S-683B). This would be seen generally in a PRL
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editor which supports multiple versions of I1S-683. To understand what this editor view is
actually describing let’s look at what the standard says is in the header and link these
two views.

= Preferred Roaming List ID: what the standard calls PR_LIST _ID, it is a number
between 0 and 65,535 that can be used to identify and version control a PRL.

= Preferred only: called PREF_ONLY in the standards and indicates if only
systems in the PRL are to be used. If preferred only is not checked (i.e. set to 0)
then this is what is sometimes called a ‘permissive PRL’ and means that systems
not described in the PRL can be used. This is something worth noting as it can be
the cause of unexpected behavior. Use of this flag does not mean that the PRL is
ignored; rather it means that service can be provided by any system that is not
described in the PRL and that the system selection process will continue to
search for a more preferred system as indicated by the PRL. This can be useful
to ensure coverage where it is present and accessible to the user but may not
have been included in the PRL (provided that the user can register or the system
rejects an invalid registration).

= Default Roaming Indicator: is DEF_ROAM_IND in the standards and is the
roaming indication to be used for systems that are not described in the PRL and
would apply when the Preferred only is not checked. The values that can be used
in this field are the same as those that would be used in the System Record of the
System Table which is described later.

4.4 Acquisition Table

The acquisition table defines, in priority order, the radio environment (frequencies) that
are to be searched for service. The acquisition table is comprised of a minimum of one
and up to 512 acquisition records. Each acquisition record is of a specific type and
describes one or a set of frequencies to search.

The priority ordering of the records in the acquisition table is derived from their
sequential order and it is generally used by the system selection process to construct
scan lists reflecting the order in which frequencies appear in the acquisition table. Also,
where a set of frequencies are listed within a record of the acquisition table the order in
which they are listed is often an implied ordering for scan lists.

An example of what an acquisition table might look like in a PRL editor is shown in
Figure 4-4.
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@ sample. prl E]@
Acquizition Records
Index Acquisition Type Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel & Channel 7 Channel 8

0 CObdA Cellular [standard) B Bath

1 COA4 Cellular [standard) &, Bath

2 Analog Cellular A

3 Analog Cellular B

4 COMA PCS [charinels) CHANNEL CHANNEL CHANNEL CHANNEL CHANNEL CHANNEL

5 COMA PCS [charinels) CHANNEL CHANNEL CHANNEL CHANNEL CHANNEL CHANNEL

[ CDM& PCS [blocks) E

Figure 4-4 Example Editor View of an Acquisition Table

The type of acquisition records that can be defined in a PRL are dependent on the

revision of the standard that is in use for that particular PRL. The particular types as they

apply to revisions A through C are listed in Table 4-2. Some of the more common
acquisition records are described in the following sections.

Table 4-2 Types of Acquisition Record by Standard Revision

Standard Revision

Types of Acquisition Records That Can be Defined

683-A

- Cellular Analog

- Cellular CDMA (Standard Channels)
- Cellular CDMA (Custom Channels)
- Cellular — CDMA Preferred

- PCS CDMA using Blocks

- PCS CDMA using Channels

683-B All 683-A records and additionally
- JTACS CDMA (Standard Channels)
- JTACS CDMA (Custom Channels)
- 2Ghz Band(Channel)

683-C All 683-B records and additionally

- CDMA Generic (800-MHz-Cellular, PCS, TACS, JTACS, Korean-
PCS, NMT-450, IMT-2000, 700-MHz-Cellular.)
- HDR Generic

4.4.1 Cellular Analog Acquisition Record

This record is used to instruct the mobile device to look for AMPS Cellular service, in
band class 0 (800 MHz cellular) frequencies.

Figure 4-5 shows the editor view of the analog cellular acquisition record and Table 4-3
shows the actual field names and lengths described in the standard.
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L Q@J Acquisition Record |  Length
Acquisition Records F|e|d (blts)
Index Acquisition Type Spztem
1] Analog Cellular A ACQ_TY P E 4
1 Analog Cellular B
2 Analog Cellular Both - A_B 2
« |

Table 4-3 Analog Acquisition

Figure 4-5 Cellular Analog Acquisition Record Editor Record Fields

View

4.4.1.1 Acquisition Type

The Cellular Analog acquisition record has an ‘ACQ_TYPE’ value of ‘1’ (binary 0001). An
editor will generally show a meaningful descriptive term for this, as in the example
shown where it is shown as ‘Analog Cellular.’

Exactly where the device should search for cellular analog service is defined by the next
field.
4.4.1.2 Systems

This is the band within the 800 MHz cellular frequencies. This system is called the ‘A_B’
field in the standards and can take one of three legal values. These values allow the
device to be directed to look for analog systems in:

= A band only
= B band only
= Both A and B bands

Table 4-4 shows the actual values as represented in the standard and their meaning.

Table 4-4 A_B Field Values

A_B Selection Type Meaning
‘00’ System A
‘01’ System B
‘10’ Reserved
‘11 Both A & B
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4.4.2 Cellular CDMA (Standard Channels) Acquisition Record

This record is used to instruct the

mobile device to look for COMA & Sample. prl BE X
service, and CDMA only, in band class J——
0; more specifically, only on the Indes | Acquistion Type System Charnel
standard channels of a particular sub- oA b e 5 set
band of band class 0 (the 800 MHz A 2 EDM Cellar [standard] Both. i
or B cellular frequencies). <] | o
Figure 4-6 shows one particular editor Figure 4-6 CDMA Standard Acquisition
view of the CDMA cellular, standard . .
i Record Editor View
channels acquisition record. Table 4-5
shows the actual field names and
lengths described in the standard.
Table 4-5 CDMA Standard Channel Acquisition Record Fields

Acquisition Record Field Length (bits)

ACQ_TYPE 4

PRI_SEC 2

A B 2
4.4.2.1 Acquisition Type
An acquisition record describing CDMA cellular standard channel systems has an
‘ACQ_TYPE' value of ‘2’ (binary 0010).
An editor will probably not display this actual value and would generally use a more
descriptive name, as in Figure 4-6, where it is shown as ‘CDMA Cellular’ (Standard).
4.4.2.2 Systems
This describes the band within the 800 MHz cellular frequencies. This system field is
known as the ‘A_B' field in the standards and can take one of three legal values. These
values allow the device to be directed to look for CDMA systems in A band only, B band
only or both A and B bands. Table 4-6 shows the actual values as represented in the
standard and their meaning.
4.4.2.3 Channel
For this type of record the channel as shown in the editor example is an indicator to the
mobile device if it is to look on the standard primary channel or the standard secondary
channel or both the primary and secondary.
This channel editor field is known as the ‘PRI_SEC'’ field in the standards and can take
one of three legal values Table 4-7 shows the actual values as represented in the
standard and their meaning.
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Table 4-6 A_B Field values Table 4-7 PRI_SEC Field Values
A_B Selection Meaning PRI_SEC Meaning
Type ‘00’ Reserved
oo System A ‘01’ Primary CDMA Channel
or System B ‘10’ Secondary CDMA Channel
10 Reserved ‘11 Primary or Secondary CDMA Channels
‘11 Both A& B

4.4.3 CDMA Standard Channels

A question that often arises when service providers use the ‘cellular CDMA standard
channels’ acquisition record type in the acquisition table is how the mobile know what
the CDMA channels are.

For band class 0 only, the actual CDMA channels come from NV-RAM! and, as may
have already been deduced from the tables above, there are four such channels,
namely, primary-A, primary-B, secondary-A, and secondary-B. These channels are
programmed into NV by the operator (or specified by the operator to the manufacturer in
the Product Release Information (PRI)).

In the United States they are typically set to the preferred set of channels that are
defined in 1S-2000 as shown in Table 4-8.

Table 4-8 1S-2000 Standard CDMA Cellular Channels

Band Standard Channel Channel Number
A Primary 283

Secondary 691
B Primary 384

Secondary 777

An operator that has primary and/or secondary channels that are different in the home
market than in the roaming market, and, uses either ‘Cellular CDMA Standard Channel’
or ‘CDMA Preferred’ (see section 4.4.4) in their PRL should be aware of the potential
effects in the roaming markets.

1 NV_PCDMACH._|I - primary-A and primary-B, NV_SCDMACH_I -secondary-A and secondary-B
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4.4.4 Cellular CDMA (Custom Channels) Acquisition Record

This acquisition record is used to search for CDMA service in band class 0 (800 MHz
cellular frequency band) on a list (up to 32) of specific channels. Furthermore, it means
that channels are searched in the order in which they are listed

Figure 4-7 shows one particular editor view of the CDMA cellular, custom channels
acquisition record. 