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Foreword

This Technical Specification has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document provides the overall description for lower-layer functions of the General Packet Radio Service
(GPRS and EGPRS)) radio interface (Um). ). Within this TS the term GPRS refers to GPRS and EGPRS unless
explicitly stated otherwise.

The overall description provides the following information:
- The services offered to higher-layer functions,
- Thedistribution of required functions into functional groups,
- A definition of the capabilities of each functional group,

- Service primitives for each functional group, including a description of what services and information flows are
to be provided, and

- A model of operation for information flows within and between the functions.
The present document is applicable to the following GPRS Um functional layers:

- Radio Link Control functions,

- Medium Access Control functions, and

- Physical Link Control functions.

The present document describes the information transfer and control functions to be used across the radio (Um)
interface for communication between the MS and the Network, see Figure 1.

3GPP TS 23.060 [ 3] describes the overall GPRS logical architecture and the GPRS functional layers above the Radio
Link Control and Medium Access Control layer.

3GPP TS 24.007 [5] contains a description in general terms of the structured functions and procedures of this protocol
and the relationship of this protocol with other layers and entities.

3GPP TS 44.018 [6] contains the definition of GPRS RLC/MAC procedures when operating on the Common Control
Channel (CCCH).

3GPP TS 44.060 [7] contains the definition of RLC/MAC functions when operating on a Packet Data Channel (PDCH).
3GPP TS 44.064 [8] contains functional procedures for the Logical Link Control (LLC) layer above the RLC/MAC.
3GPP TS 45 series defines the Physical Link layer and Physical RF layer.

Um

MT I Network

Figure 1: Scope of GPRS Logical Radio Interface Architecture
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[9] 3GPP TS 44.065: "General Packet Radio Service (GPRS); Subnetwork Dependent Convergence
Protocol (SNDCP)".
[10] 3GPP TS 45.001: "Physical layer on the radio path, General description”.
[11] 3GPP TS 45.002: "Multiplexing and multiple access on the radio path".
[12] 3GPP TS 45.003: "Channel coding".
[13] 3GPP TS 45.004: "Modulation".
[14] 3GPP TS 45.005: "Radio transmission and reception”.
[15] 3GPP TS 45.008: "Radio subsystem link control™.
[16] 3GPP TS 45.010: "Radio subsystem synchronisation".
[17] 3GPP TS 43.246: "Multimedia Broadcast Multicast Service (MBMS) in the GERAN; Stage 2".
3 Abbreviations, symbols and definitions
3.1 Abbreviations
In addition to abbreviationsin 3GPP TR 21.905 [1] and 3GPP TS 22.060 [2] the following abbreviations apply:
ARQ Automatic Repeat reQuest
BCS Block Check Sequence
BEC Backward Error Correction
BH Block Header
BTTI Basic Transmission Time Interval
CCN Cell Change Notification
CFCCH Compact Frequency Correction Channel

ETSI



3GPP TS 43.064 version 7.9.0 Release 7 10

CPAGCH
CPBCCH
CPCCCH
CPPCH
CPRACH
CSCH
CSii

Cu
DAS
DBS-i
DTM
EGPRS
EGPRS2
FANR
FBI

FH
GGSN
HCS
HSR

IR

LLC
MAC
MBMS
MCS-i
MPRACH
NSS
PACCH
PAGCH
PAN
PBCCH
PC
PCCCH
PCS
PDCH
PDTCH
PDU
PFC

PFI

PL
PPCH
PRACH
PSI
PTCCH
p-t-m
RLC
RTTI
SGSN
SNDC
TA

TBF

TFI

TTI
UAS
UBS-i
USF

Compact Packet Access Grant Channel
Compact Packet Broadcast Control Channel
Compact Packet Common Control Channel
Compact Packet Paging Channel

Compact Packet Random Access Channel
Compact Synchronization Channel

GPRS Coding Schemei

Cell Update

EGPRS2 Downlink level A modulation and coding Scheme i
EGPRS2 Downlink level B modulation and coding Scheme i
Dual Transfer Mode

Enhanced GPRS

Enhanced GPRS phase 2

Fast Ack/Nack Reporting

Final Block Indicator

Frame Header

Gateway GPRS Support Node

Header Check Sequence

Higher Symbol Rate

Incremental Redundancy

Logical Link Control

Medium Access Control

Multimedia Broadcast/Multicast Service
EGPRS Modulation and Coding Scheme i
MBMS Packet Random Access Channel
Network and Switching Subsystem

Packet Associate Control Channel

Packet Access Grant Channel
Piggy-backed Ack/Nack

Packet Broadcast Control Channel

Power Control

Packet Common Control Channel

PAN Check Sequence

Packet Data Channel

Packet Data Traffic Channel

Protocol Data Unit

Packet Flow Context

Packet Flow Indentifier

Physical Link

Packet Paging Channel

Packet Random Access Channel

Packet System Information

Packet Timing Advance Control Channel
point-to-multipoint

Radio Link Control

Reduced Transmission Time Interval
Serving GPRS Support Node

Subnetwork Dependent Convergence
Timing Advance

Temporary Block Flow

Temporary Frame ldentity

Transmission Time Interval

EGPRS2 Uplink level A modulation and coding Schemei
EGPRS2 Uplink level B modulation and coding Scheme i
Uplink State Flag
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3.2 Symbols

For the purposes of the present document, the following symbols apply:

Gb Interface between an SGSN and a BSC.
Um Interface between MS and GPRS fixed network part. The Um interface is the GPRS network
interface for providing packet data services over theradio to the MS.

3.3 Definitions

3.3.1 General

In addition to GPRS specific definitions which can be found in 3GPP TS 22.060 [2] and 3GPP TS 23.060 [3] the
following apply.

When referring to radio resources (i.e. physical channels) provided by the network to the mobile station, the term
"assignment” refers to granting of resources on a semi-static basis, whereas "alocation” refers to the dynamically
changing permission to use those resources that have been "assigned” to it and are shared with other users.

Multislot Capability: the capability of the mobile station to support Multislot Configurations.
Multidot Class: a value which implicitly determines the Multislot Capability of the mobile station.

Multislot Configuration: the set of receive and transmit timeslots assigned to the M S.

3.3.2 EGPRS mobile station

An EGPRS mobile station is a GPRS mobile station with additional capabilities for new radio access protocol features
and new modulation and coding schemes. An EGPRS mobile station shall comply with GPRS requirements and the
additional requirements defined for an EGPRS mobile station. The support of EGPRS is optional for the mobile station
and the network.

An EGPRS mobile station may additionally indicate support for EGPRS2 in uplink and/or downlink direction. In this
case an EGPRS mobile station supports additional modulation and coding schemes, and may also support higher
symbol rate, see sub-clause 3.3.6. The support of EGPRS2 is optional for the mobile station and the network.

An EGPRS mobile station may additionally indicate the support of Reduced Latency. In this case an EGPRS mobile
station may be assigned a TBF with FANR activated either in BTTI configuration or in RTTI configuration, see sub-
clause 3.3.5. The support of Reduced Latency is optional for the mobile station and the network.

3.3.3 Dual Transfer Mode

In dual transfer mode, the mobile station is assigned resources providing an RR connection and one or more Temporary
Block Flows on one or more physical channels. This feature is optional for the mobile station and the network. It is only
applicable for amobile station supporting GPRS, EGPRS or EGPRS2. Dual transfer mode is a subset of class A mode
of operation, which isonly possible if there is radio resource assignment co-ordination in the network.

3.34 Downlink dual carrier configuration

In adownlink dual carrier configuration, one or more PDCHs are assigned to asingle M S on each of two different radio
frequency channels on either the uplink or downlink, or both. On the downlink, radio blocks may be allocated on both
radio frequency channelsin any radio block period. On the uplink, radio blocks shall not be alocated on both radio
frequency channelsin any given radio block period.

NOTE: A radio frequency channel in this context is defined by the frequency parameter(s) ARFCN for a non-
hopping radio frequency channel or MA, MAIO and HSN for a hopping radio frequency channel.

A downlink dual carrier configuration shall support multislot configurations either for packet switched connections or
dual transfer mode. For a Dual Transfer Mode capable M S which supports Downlink Dual Carrier, support of Downlink
Dua Carrier configurations for Dual Transfer Mode is optional.
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Downlink dual carrier is not supported in GPRS mode.

3.35 Reduced Latency TBF

A TBF applying Reduced Latency shall operate according to all EGPRS/EGPRS2 requirements, unless otherwise
stated, with the fast ack/nack reporting procedure (see sub-clause 3.3.5.1). In addition, a TBF applying Reduced
Latency is characterized by either RTTI configuration or BTTI configuration (see sub-clause 3.3.5.2).

3.35.1 Fast Ack/Nack Reporting procedure

The Fast Ack/Nack reporting procedure (FANR) refersto the possibility to include, in aradio block for data transfer
sent in one direction, piggy-backed ack/nack information relative to a TBF with FANR activated in the other direction.

Thisis achieved by inserting a fixed-size piggy-backed ack/nack (PAN) field in the radio block. When a PAN field is
inserted, a suitable Puncturing Scheme variant for the modulation and coding schemesin use is chosen, so that the RLC
datafield and the PAN field fit together in the radio block along with the RLC/MAC header. The presence of the PAN
field, issignalled by the PAN indicator bit in the RLC/MAC header. When this bit is set the receiver shall use the
corresponding Puncturing Scheme variant of the CPS indicated in the RLC/MAC header to decode the RLC datafield.

If amobile station is assigned a TBF with FANR activated, all concurrent TBFs assigned to the mobile station shall
have FANR activated irrespective of the RLC/MAC mode of each TBF (acknowledged mode, non-persistent mode or
unacknowledged mode).

Fast Ack/Nack reporting is not supported in GPRS TBF mode.

3.3.5.2 RTTI configuration

In RTTI configuration, aradio block consisting of four burstsis sent using two PDCHSs, i.e. aPDCH-pair, in each of
two consecutive TDMA frames. In RTTI configuration, the time to transmit aradio block is half of abasic radio block
period.

NOTE: Theterm “basic radio block period” refers the time needed to transmit a radio block on one PDCH using
BTTI configurationi.e. four TDMA frames, while the term “reduced radio block period” refersthe time
needed to transmit aradio block on a PDCH-pair using RTTI configuration, i.e. two TDMA frames.

In RTTI configuration, adownlink TBF assignment consists of a number of PDCH-pairs, each PDCH-pair comprising
two PDCHs. In adownlink dual carrier configuration (see sub-clause 3.3.4), up to 8 PDCH-pairs may be assigned per
TBF. Inasingle carrier configuration up to 4 PDCH-pairs may be assigned per TBF. Two PDCHSs constituting a
downlink PDCH-pair need not be contiguous.

In RTTI configuration, an uplink TBF assignment consists of up to four PDCH-pairs.. The two PDCHs constituting an
uplink PDCH-pair need not be contiguous.

The PACCH shall have the same TTI configuration as the TBF with which it is associated.

In each direction PDCH-pairs cannot be assigned so that they are partially overlapped, i.e. two different PDCH-pairs
cannot have one PDCH in common.

For an uplink TBF in RTTI configuration USFs can be sent in one of two ways:

- RTTI USFs: aUSF is sent in one reduced radio block period, i.e. a USF is mapped on four bursts transmitted
on adownlink PDCH-pair during two consecutive TDMA frames. The USF allocates resources for one or four
uplink radio blocksin the next reduced radio block period(s), depending on the val ue of
USF_GRANULARITY.

- BTTI USFs. USFsare sent in abasic radio block period. One USF is mapped on four bursts transmitted on the
first PDCH of adownlink PDCH-pair during four consecutive TDMA frames. This USF allocates resources
for one or four uplink radio blocksin the first 2 TDMA frames of the next basic radio block period(s),
depending on the value of USF_GRANULARITY. A second USF is mapped on four bursts transmitted on the
second PDCH of adownlink PDCH-pair during four consecutive TDMA frames. This USF allocates resources
for one or four uplink radio blocksin the second 2 TDMA frames of the next basic radio block period(s),
depending on the value of USF_GRANULARITY.
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For each TBF, the network signals the corresponding TTI configuration (i.e. either basic or reduced) at TBF
establishment/ reconfiguration. In case of RTTI configuration, the network also signals at uplink TBF
establishment/reconfiguration the USF mode (i.e. either RTTI or BTTI) to be used for that TBF.

For each assigned uplink PDCH-pair, the network may signal at TBF establishment/reconfiguration the “ corresponding
downlink PDCH-pair”, i.e. the DL PDCH-pair where USFs and PACCH/D are monitored. The timeslot numbers of the
PDCHs constituting an uplink PDCH-pair may be different from those of the PDCHs constituting the corresponding
downlink PDCH-pair. If no indication is provided, the corresponding downlink PDCH-pair will be the one with the
same timeslot numbers as the uplink PDCH-pair.

On agiven downlink PDCH-pair al USFs shall be sent with the same USF mode.

For agiven mobile station, in each direction, the same TTI configuration shall be used for al TBFs (and PACCHS)
assigned with one or more PDCH(s) in common in that direction. If a TBF is assigned on completely different PDCH(s)
the TTI used may be different.

For a given mobile station, different uplink TBFs may use different USF modes if assighed on completely different
PDCH(s).

A PDCH may be shared between RTTI TBF and BTTI TBF (assigned to different mobile stations). Alternatively, both
PDCHsforming a PDCH-pair may be assigned to only support RTTI TBFs.

RTTI configuration is not supported in GPRS TBF mode.

3.3.6 EGPRS2 mobhile station

An EGPRS2 mobile station is an EGPRS mobile station supporting additional modulation and coding schemes on the
downlink and/or the uplink. An EGPRS2 mobile station shall comply with GPRS requirements and the additional
requirements defined for an EGPRS mobile station. The support of EGPRS2 is optional for the mobile station and the
network.

EGPRS2 features can be supported independently in the downlink and in the uplink.

An EGPRS2 mobile station may additionally indicate the support of Reduced Latency. In this case an EGPRS2 mobile
station may be assigned a TBF applying Reduced Latency, see sub-clause 3.3.5. The support of Reduced Latency is
optional for the mobile station and the network.

3.36.1 EGPRS2 in the downlink

A mobile station supporting EGPRS2 in the downlink supports additional modulation and coding schemes on the
downlink.

3.3.6.1.1 EGPRS2-A and EGPRS2-B in the downlink.

Two levels of support are defined for the EGPRS2 feature in the downlink: EGPRS2-A and EGPRS2-B. EGPRS2-A
includes additional modulation and coding schemes. EGPRS2-B includes additional modulation and coding schemes as
well as ahigher symbol rate. For aMS, support of EGPRS2-B in the downlink implies support of EGPRS2-A in the
downlink.

3.3.6.2 EGPRS2 in the uplink

A mobile station supporting EGPRS2 in the uplink supports additional modulation and coding schemes on the uplink.

3.3.6.2.1 EGPRS2-A and EGPRS2-B in the uplink

Two levels of support are defined for the EGPRS2 feature in the uplink: EGPRS2-A and EGPRS2-B. EGPRS2-A
includes additional modulation and coding schemes. EGPRS2-B includes additional modulation and coding schemes as
well as a higher symbol rate. For aM S, support of EGPRS2-B in the uplink implies support of EGPRS2-A in the
uplink.
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4 Packet data logical channels

NOTE: Thetextinthisclauseisinformative. The normative text isin 3GPP TS 45.002 [11]. Where thereisa
conflict between these descriptions, the normative text has precedence.

4.1 General

This subclause describes the packet data logical channels that are supported by the radio subsystem. The packet data
logical channels are mapped onto the physical channels that are dedicated to packet data.

The physical channel dedicated to packet data traffic is called a Packet Data Channel (PDCH).

4.2 Packet Common Control Channel (PCCCH) and Compact
(CPCCCH)

PCCCH and CPCCCH comprises logical channels for common control signalling used for packet data as described in
the following subclauses.

4.2.1 Packet Random Access Channel (PRACH) and Compact Packet
Random Access Channel (CPRACH) - uplink only

PRACH and CPRACH are used by MSto initiate uplink transfer for sending data or signalling information. Packet
Access burst and Extended Packet Access burst are used on PRACH. Extended Packet Access burst is used on
CPRACH.

4.2.2 Packet Paging Channel (PPCH) and Compact Packet Paging
Channel (CPPCH) - downlink only

PPCH and CPPCH are used to page an M S prior to downlink packet transfer. PPCH and CPPCH use paging groupsin
order to allow usage of DRX mode. PPCH can be used for paging of both circuit switched and packet data services. The
paging for circuit switched services on PPCH is applicable for class A and B GPRS M Ssin Network operation mode |,
see 3GPP TS 23.060 [3].

4.2.3 Packet Access Grant Channel (PAGCH) and Compact Packet
Access Grant Channel (CPAGCH) - downlink only

PAGCH and CPAGCH are used in the packet transfer establishment phase to send resource assignment to an MS prior
to packet transfer.

4.3 Packet Broadcast Control Channel (PBCCH) and Compact
Packet Broadcast Control Channel (CPBCCH) - downlink

only
PBCCH and CPBCCH broadcast packet data specific System Information. If PBCCH is not allocated, the packet data

specific system information is broadcast on BCCH. For Compact, CPBCCH shall be allocated. CPBCCH and BCCH
are mutually exclusive.
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4.4 Packet Traffic Channels

4.4.1 Packet Data Traffic Channel (PDTCH)

PDTCH isachannel alocated for datatransfer. It is temporarily dedicated to one MS or to agroup of MSsin the case
of p-t-m transmission. In the multislot operation, one MS or agroup of MSs may use multiple PDTCHs in parallel for
individual packet transfer.

All packet data traffic channels are uni-directional, either uplink (PDTCH/U), for a mobile originated packet transfer or
downlink (PDTCH/D) for a mobile terminated packet transfer.

4.5 Packet Dedicated Control Channels

45.1 Packet Associated Control Channel (PACCH)

PACCH conveys signalling information related to a given MS. The signalling information includes e.g.
acknowledgements and power control information. PACCH carries also resource assignment and reassignment
messages, comprising the assignment of a capacity for PDTCH(s) and for further occurrences of PACCH. The PACCH
shares resources with PDTCHSs, that are currently assigned to one MS. Additionally, an MSthat is currently involved in
packet transfer, can be paged for circuit switched services on PACCH.

45.2 Packet Timing advance Control Channel, uplink (PTCCH/U)

PTCCH/U is used to transmit random access burst to allow estimation of the timing advance for one MSin packet
transfer mode.

PTCCH/U shall not be used for DTM.

4.5.3 Packet Timing advance Control Channel, downlink (PTCCH/D)

PTCCH/D is used to transmit timing advance information updates to several MS. One PTCCH/D is paired with severa
PTCCH/U’s.

PTCCH/D shall beignored by MS operating in DTM.

4.6 MBMS Common Control Channels

4.6.1 MBMS Packet Random Access Channel (MPRACH) - uplink only

The MPRACH is used by the MS during the initial counting procedure for MBM S (see 3GPP TS 44.060). Packet
Access burst and Extended Packet Access burst are used on MPRACH.

5 Mapping of packet data logical channels onto
physical channels

NOTE: Thetextinthisclauseisinformative. The normative text isin 3GPP TS 45.002 [11]. Where thereisa
conflict between these descriptions, the normative text has precedence.

5.1 General

Different packet datalogical channels can occur on the same physical channel (i.e. PDCH). The sharing of the physical
channel is based on blocks of 4 consecutive bursts of one specific PDCH in 4 consecutive TDMA frames (for basic TTI
configuration) or 2 bursts on each PDCH within a PDCH pair in 2 consecutive TDMA frames (for areduced TTI

ETSI



3GPP TS 43.064 version 7.9.0 Release 7 16 ETSI TS 143 064 V7.9.0 (2008-07)

configuration), except for PTCCH. The TBFs using reduced TTI and the TBFs using basic TTI sharing the same
physical channel need to coexist within the overall block structure specified for the basic TTI. As such, for each
assigned PDCH pair corresponding to areduced TTI TBF, two consecutive reduced TTI radio blocks must be allocated
within the time period spanned by a single radio block sent using the basic TTI. Each of the two reduced TTI radio
blocksin this block structure could be allocated to different MSs or one of the reduced TTI blocks could be empty if not
needed. The mapping in frequency of PDCH on to the physical channel shall be as defined in 3GPP TS 45.002 [11].

A PDCH may be either full-rate (PDCH/F) or half-rate (PDCH/H). PDCH/H isonly applicableto DTM. See 3SGPP TS
45.002 [11]. PDCH/H is not applicable for areduced TTI configuration.

GPRS, EGPRS and EGPRS2 employ the same physical layer, except for the PDTCH.

On PRACH, CPRACH, MPRACH and PTCCH/U, access bursts are used. On all other packet datalogical channels,
radio blocks comprising 4 normal bursts are used. The only exception is some messages on uplink PACCH which
comprise 4 consecutive access bursts (to increase robustness).

5.2 Packet Common Control Channels (PCCCH and CPCCCH)

At agiven time, the logical channels of the PCCCH are mapped on different physical resources than the logical
channels of the CCCH.

The PCCCH and CPCCCH do not have to be allocated permanently in the cell. Whenever the PCCCH is not allocated,
the CCCH shall be used to initiate a packet transfer. For Compact, CPCCCH shall be allocated.

One given MS may use only a subset of the PCCCH and CPCCCH, the subset being mapped onto one physical channel
(i.e. PDCH).

The PCCCH, when it exists:

- ismapped on one or several physical channels according to a 52-multiframe, In that case the PCCCH, PBCCH
and PDTCH share same physical channels (PDCHS).

The existence and location of the PCCCH shall be broadcast on the cell.

Since GSM phase 1 and phase 2 M S can only see and use the CCCH, the use on the PCCCH can be optimised for
GPRS e.g. aPRACH of 11 bits can be used on uplink.

For Compact, one radio frequency channel of the cell allocation shall be used to carry synchronization information and
the CPBCCH, this shall be known as the primary Compact carrier. All other radio frequency channels of the cell
alocation shall be known as secondary Compact carriers.

For primary and secondary Compact carriers, CPCCCHs shall be allocated on only one timeslot (which is associated
with atime group as defined in 3GPP TS 45.002 [11]). Thistime group is known as the serving time group and rotates
over odd timeslot numbersasfollows: 7,5, 3, 1,7, 5, .... The CPCCCH is mapped according to a Compact 52-
multiframe and the serving time group rotation occurs between frame numbers (FN) mod 52 = 3 and 4.

52.1 Packet Random Access Channel (PRACH and CPRACH)

The PRACHand CPRACH are mapped on one or severa physical channels. The physical channels on which the
PRACH is mapped are derived by the M S from information broadcast on the PBCCH or BCCH. The physical channels
on which the CPRACH is mapped are derived by the M S from information broadcast on the CPBCCH.

PRACH and CPRACH are determined by the Uplink State Flag marked as free that is broadcast continuously on the
corresponding downlink (see subclause 6.6.4.1). Additionally, a predefined fixed part of the multiframe structure for
PDCH can be used as PRACH or CPRACH only and the information about the mapping on the physical channel is
broadcast on PBCCH or CPBCCH. During those time periods an M S does not have to monitor the USF that is
simultaneously broadcast on the downlink.

5.2.2 Packet Paging Channel (PPCH and CPPCH)

The PPCH and CPPCH are mapped on one or several physical channels. The exact mapping on each physical channel
follows a predefined rule (see subclause 6.1.2), asit is done for the PCH.
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The physical channels on which the PPCH or CPPCH are mapped, as well asthe rule that is followed on the physical
channels, are derived by the M S from information broadcast on the PBCCH or CPBCCH.

5.2.3 Packet Access Grant Channel (PAGCH and CPAGCH)

The PAGCH and CPAGCH are mapped on one or severa physical channels. The exact mapping on each physical
channel follows a predefined rule (see subclause 6.1.2).

The physical channels on which the PAGCH or CPAGCH are mapped, as well asthe rule that is followed on the
physical channels, are derived by the MS from information broadcast on the PBCCH or CPBCCH.
524 Packet Notification Channel (PNCH and CPNCH)

The PNCH and CPNCH are mapped on one or several blocks on PCCCH and CPCCCH. The exact mapping follows a
predefined rule. The mapping is derived by the MS from information broadcast on the PBCCH or CPBCCH.

5.2a MBMS Common Control Channels (MPRACH)

The MPRACH is mapped on one physical channel. The physical channel on which the MPRACH is mapped is
indicated to the M S by the network.

The network indicates the value of the USF associated with the MPRACH on a particular PDCH in the notification
message. The MPRACH is determined by the Uplink State Flag, which is broadcast on the corresponding downlink (see
subclause 6.6.4.1), marked as the value indicated by the network.

5.3 Packet Broadcast Control Channel (PBCCH and CPBCCH)

The PBCCH and CPBCCH shall be mapped on one or several physical channels. The exact mapping on each physical
channel follows a predefined rule (see subclause 6.1.2), asit is done for the BCCH. For Compact, CPBCCH shall be
allocated. CPBCCH and BCCH are mutually exclusive.

The existence of the PCCCH, and consequently the existence of the PBCCH, isindicated on the BCCH.

For Compact, one radio frequency channel of the cell allocation shall be used to carry synchronization information and
the CPBCCH, this shall be known as the primary Compact carrier. All other radio frequency channels of the cell
alocation shall be known as secondary Compact carriers.

The CPBCCH shall be mapped on only one timeslot (which is associated with a time group as defined in 3GPP

TS 45.002 [11]). Thistime group is known as the serving time group and rotates over odd timeslot numbers as follows:
7,5,3,1,7,5,.... The CPBCCH is mapped according to a Compact 52-multiframe and the serving time group rotation
occurs between frame numbers (FN) mod 52 = 3 and 4. The exact mapping follows a predefined rule (see subclause
6.1.2).

5.3a Compact Frequency Correction Channel (CFCCH)

The CFCCH isthe same as the FCCH with one exception — the FCCH is mapped onto a 51-multiframe as defined in
3GPP TS 45.002 [11].

5.3b  Compact Synchronization Channel (CSCH)

The CSCH is similar to the SCH. The major differenceisthat the SCH is mapped onto a 51-multiframe as defined in
3GPP TS 45.002 [11]. Thisresultsin a different layout for the reduced TDMA frame number (RFN).

5.4 Packet Timing advance Control Channel (PTCCH)

Two defined frames of multiframe are used to carry PTCCH (see subclause 6.1.2). The exact mapping of PTCCH/U
sub-channels and PTCCH/D shall be as defined in 3GPP TS 45.002 [11].
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On PTCCH/U, access bursts are used. On PTCCH/D, four normal bursts comprising aradio block are used.

In adownlink dual carrier configuration, an M S shall be assigned a PTCCH/D channel and a PTCCH/U sub-channel on
one radio freguency channel only.

55 Packet Traffic Channels

55.1 Packet Data Traffic Channel (PDTCH)

A PDTCH is mapped onto one physical channel (PDCH) or, in the case of RTTI configurations (see subclause 3.3.5),
two physical channels (PDCH-pair).

For one TBF, up to eight PDCHs or four PDCH-pairs, with different timeslot numbers but with the same frequency
parameters, may be assigned to one M S at the same time. In the case of p-t-m transmission for MBMS, up to five
downlink PDCH/Fs, with different timeslot numbers but with the same frequency parameters, may be assigned for one
broadcast or multicast session.

In the case of adownlink dual carrier configuration, up to 16 PDCHs or eigth PDCH-pairs may be assigned to one TBF
at the same time.

5.5.2 Packet Associated Control Channel (PACCH)

PACCH isdynamically alocated on aradio block basis on the same physical channel(s) used for carrying PDTCHs.
However, one block PACCH alocation is also used on the physical channel carrying only PCCCH, when the MSis
polled to acknowledge the initial assignment message.

PACCH is of ahi-directiona nature, i.e. it can dynamically be allocated both on the uplink and on the downlink
regardless on whether the corresponding PDCH assignment is for uplink or downlink.

The PACCH shall have the same TTI configuration as the TBF with which it is associated.

If an MSis assigned one or more PDCH(s) /PDCH pair(s) on the uplink then, in the case of dynamic allocation (see
subclause 6.6.4.4) the corresponding downlink timeslots’PDCH pair(s) have to be continuously monitored by the MS
for possible occurrences of PACCH; in the case of extended dynamic allocation (see subclause 6.6.4.4), only the
downlink timeslot/PDCH pair(s) corresponding to the lowest numbered assigned uplink timeslot has to be continuously
monitored by the M S for possible occurrences of PACCH. The M S can use an uplink allocation for sending PACCH
blocks whenever needed.

In case of adownlink dua carrier configuration, PACCH blocks may be sent on the downlink on both radio frequency
channels simultaneoudly.

If an MSisassigned one or more PDCHY(s) /PDCH pair(s) on the downlink, every occurrence of an uplink PACCH
block is determined by polling in one of the preceding downlink blocks (transferred on the same PDCHY(s)). The
network can use the downlink assignment for sending PACCH blocks whenever needed.

NOTE: Further requirements on PACCH operation are contained in 3GPP TS 44.060.

5.6 Downlink resource sharing

Different packet datalogical channels can be multiplexed on the downlink on the same physical channel (i.e. PDCH).
See detailsin 3GPP TS 45.002 [11]. The type of message which isindicated in the radio block header allows
differentiation between the logical channels. Additionally, the MSidentity allows differentiation between PDTCHs and
PACCHs assigned to different MSs. The M S identity also allows differentiation between TBFs and p-t-m MBMS
bearers.

In addition, in dual transfer mode the network may dedicate a PDCH exclusively to an MS (i.e. the only PDTCH
mapped onto that PDCH will be the one assigned to that MS). Even in the case of exclusive allocation, the network
shall use the MSidentity and the type of message in the radio block header.
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5.7 Uplink resource sharing

Different packet data logical channels can be multiplexed on the uplink of the same physical channel (i.e. PDCH). See
detailsin 3GPP TS 45.002 [11]. The type of message which isindicated in the radio block header, allows differentiation
between the logical channels. Additionally, the MS identity allows differentiation between PDTCHs and PACCHs
assigned to different M Ss.

In addition, in dua transfer mode the network may dedicate a PDCH exclusively to one MS.

6 Radio Interface (Um)

Thelogical architecture of the GPRS Um interface can be described using a reference model consisting of functional
layers as shown in Figure 3. Layering provides a mechanism for partitioning communications functionsinto
manageabl e subsets.

Communication between the MS and the Network occurs at the Physical RF, Physical Link, Radio Link
Control/Medium Access Control (RLC/MAC), Logical Link Control (LLC) and Subnetwork Dependent Convergence
layers.

6.1 Radio Resource management principles

6.1.1 Allocation of resources for the GPRS

A cell supporting GPRS may allocate resources on one or several physical channelsin order to support the GPRS
traffic. Those physical channels (i.e. PDCHS), shared by the GPRS M Ss, are taken from the common pool of physical
channels available in the cell. The allocation of physical channelsto circuit switched services and GPRS is done
dynamically according to the " capacity on demand” principles described below.

Common control signalling required by GPRS in the initial phase of the packet transfer is conveyed on PCCCH, when
alocated, or on CCCH. This allows the operator to have capacity allocated specifically to GPRS in the cell only when a
packet isto be transferred.

For Compact, common control signaling required by the mobile station in the initial phase of the packet transfer is
conveyed on CPCCCH.

6.1.1.1 Master-Slave concept

At least one PDCH, acting as a master, accommodates packet common control channelsthat carry all the necessary

control signalling for initiating packet transfer (i.e. PCCCH), whenever that signalling is not carried by the existing

CCCH, aswell as user data and dedicated signalling (i.e. PDTCH and PACCH). Other PDCHs, acting as slaves, are
used for user datatransfer and for dedicated signalling.

For Compact, one radio frequency channel of the cell allocation shall be used to carry synchronization information and
the CPBCCH, this shall be known as the primary Compact carrier. All other radio frequency channels of the cell
alocation shall be known as secondary Compact carriers.

For the primary Compact carrier, timeslot numbers (TN) 1, 3, 5, and 7, acting as a master, accommodate packet
common control channelsthat carry all necessary control signalling for initiating packet transfer as well as user data and
dedicated signalling (i.e., PDTCH and PACCH). TNsO, 2, 4, and 6, acting as slaves, are used for user data transfer and
for dedicated signalling.

For the secondary Compact carrier(s) carrying CPCCCH, timeslot numbers (TN) 1, 3, 5, and 7, acting as a master,
accommodate packet common control channelsthat carry all necessary control signalling for initiating packet transfer
aswell as user data and dedicated signalling. TNs O, 2, 4, and 6, acting as slaves, are used for user data transfer and for
dedicated signalling.

For the secondary Compact carrier(s) not carrying CPCCCH, timeslot numbers (TN) 0 through 7, acting as daves, are
used for user data transfer and for dedicated signalling.
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6.1.1.2 Capacity on demand concept

The GPRS does not require permanently allocated PDCHs. The allocation of capacity for GPRS can be based on the
needs for actual packet transfers which is here referred to as the " capacity on demand” principle. The operator can, as
well, decide to dedicate permanently or temporarily some physical resources (i.e. PDCHS) for the GPRS traffic.

When the PDCHs are congested due to the GPRS traffic load and more resources are available in the cell, the Network
can allocate more physical channels as PDCHSs.

However, the existence of PDCH(s) does not imply the existence of PCCCH.
When no PCCCH is allocated in acell, all GPRS attached M Ss camp on the CCCH.

In response to a Packet Channel Request sent on CCCH from the M S that wants to transmit GPRS packets, the network
can assign resources on PDCHY(s) for the uplink transfer.. After the transfer, the MS returnsto CCCH.

When PCCCH isalocated in acell, all GPRS attached M Ss camp on it. PCCCH can be allocated either as the result of
the increased demand for packet data transfers or whenever there is enough available physical channelsin acell (to
increase the quality of service). The information about PCCCH is broadcast on BCCH. When the PCCCH capacity is
inadeguate, it is possible to allocate additional PCCCH resources on one or several PDCHSs. If the network releases the
last PCCCH, the M S performs cell re-selection.

For Compact, CPBCCH shall be allocated. CPBCCH is a stand-alone packet control channel for Compact. CPCCCH
shall be allocated. The information about CPCCCH is broadcast on CPBCCH. When CPCCCH capacity isinadequate,
it is possible to alocate additional CPCCCH resources on primary and secondary Compact carriers.

6.1.1.3 Procedures to support capacity on demand

The number of allocated PDCHsin acell can be increased or decreased according to demand. The following principles
can be used for the allocation:

- Load supervision:

A load supervision function may monitor the load of the PDCHs and the number of allocated PDCHsin acell
can be increased or decreased according to demand. Load supervision function may be implemented as a part of
the Medium Access Control (MAC) functionality. The common channel alocation function located in BSC is
used for the GSM services.

- Dynamic allocation of PDCHs:
Unused channels can be allocated as PDCHs to increase the overall quality of service for GPRS.

Upon resource demand for other services with higher priority, de-allocation of PDCHs can take place.

6.1.1.4 Release of PDCH not carrying PCCCH

The fast release of PDCH is an important feature for possibility to dynamically share the same pool of radio resources
for packet and circuit-switched services.

There are following possibilities:

- Wait for all the assignmentsto terminate on that PDCH

Individually notify all the usersthat have assignment on that PDCH

Packet Uplink Assignment and Packet Downlink Assignment messages can be used for that purpose. The
network side has to send such notifications on PACCHY(s) individually to each affected M S.

- Broadcast the notification about de-allocation

Simple and fast method to broadcast the Packet PDCH Release on al the PDCHs lying on the same carrier as
the PDCH to be released. All MSs monitor the possible occurrences of PACCH on one channel and should
capture such notification.

In practice, a combination of all the methods can be used.
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There may occur the case where an M S remains unaware of the released PDCH. In that case, such MS may cause some
interference when wrongly assuming that the decoded Uplink State Flag (see Subclause 6.6.4.1.) denotes the following
uplink block period reserved to it. After not getting proper response from the network, the MS would self break the
RLC connection.

6.1.2 Multiframe structure for PDCH

NOTE: Thetextinthisclauseisinformative. The normative text isin 3GPP TS 45.002 [11]. Wherethereisa
conflict between these descriptions, the normative text has precedence.

The mapping in time of the logical channelsis defined by a multiframe structure. The multiframe structure for PDCH in
abasic TTI configuration consists of 52 TDMA frames, divided into 12 blocks (of 4 frames), 2 idle frames and 2 frames
used for the PTCCH according to Figure 2.

52 TDMA Frames

|<|||||||||||||||||||||||||||||||||||||||||||||||||||=|
| o | 81 | B2 || B3 | Ba | B85 |x] B6 | 87 | B8 [1| B9 | B10 | Bz X

X = Idleframe
T = Frame used for PTCCH
BO - B11 = Radio blocks

Figure 2: Multiframe structure for PDCH

The multiframe structure for areduced TTI configuration (2 PDCHSs) is shown in Figure 2a. It follows the same
multiframe structure for PDCH in abasic TTI configuration.

- 52 TDMA Frames
e e e e O e e R O B B
PDCH; T X
-BOs | BOy | Bls | Bly | B2y | B2s = B3a| B3y | Bda-| By | B5: | BSy |—
PDCHz a b a b a b T a b a b a b X
-—B0—»
e e e e O M e e R O B B
T X
“B6q-|-B6y: | B7a--B7y-{ BBa-| B8y B9 -|- By BL0x | B10s | B1Lx [ BLLn |

X = Idle frame
T = Frame used for PTCCH
BO = BTTI radio block
BO, — B11, = RTTI radio blocks

Figure 2a: Multiframe structure when areduced TTI configuration is used. Two PDCHs are used.

The mapping of logical channels onto the radio blocksis defined in the rest of this subclause by means of the ordered
list of blocks (BO, B6, B3, B9, B1, B7, B4, B10, B2, B§, B5, B11).

One PDCH that contains PCCCH (if any) isindicated on BCCH. That PDCH isthe only one that contains PBCCH
blocks. On the downlink of this PDCH, the first block (BO) in the ordered list of blocksis used as PBCCH. If required,
up to 3 more blocks on the same PDCH can be used as additional PBCCH. Any additional PDCH containing PCCCH is
indicated on PBCCH.

On any PDCH with PCCCH (with or without PBCCH), the next up to 12 blocksin the ordered list of blocks are used
for PAGCH, PNCH, PDTCH or PACCH in the downlink. The remaining blocks in the ordered list are used for PPCH,
PAGCH, PNCH, PDTCH or PACCH in the downlink. In all cases, the actual usage of the blocksisindicated by the
message type. On an uplink PDCH that contains PCCCH, all blocks in the multiframe can be used as PRACH, PDTCH
or PACCH. Optionally, the first blocks in the ordered list of blocks can only used as PRACH. The MS may chose to
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either ignore the USF (consider it as FREE) or use the USF to determine the PRACH in the same way as for the other
blocks.

The mapping of channels on multiframes are controlled by several parameters broadcast on PBCCH.

On a PDCH that does not contain PCCCH, all blocks can be used as PDTCH or PACCH. The actual usageisindicated
by the message type.

Two frames are used for PTCCH (see 3GPP TS 45.002 [11] ) and the two idle frames as well as the PTCCH frames can
be used by the MS for signal measurements and BSIC identification.

6.1.2a Multiframe structure for Compact PDCH

NOTE: Thetextinthisclauseisinformative. The normative text isin 3GPP T$45.002 [11]. Wherethereisa
conflict between these descriptions, the normative text has precedence.

For Compact, one radio frequency channel of the cell allocation shall be used to carry synchronization information and
the CPBCCH, this shall be known as the primary Compact carrier. All other radio frequency channels of the cell
allocation shall be known as secondary Compact carriers.

For the primary Compact carrier, timeslot numbers (TN) 1, 3, 5, and 7 accommodate packet common control channels
(i.e., CPBCCH and CPCCCH) as well as user data and dedicated signalling (i.e., PDTCH and PACCH). TNsO, 2, 4,
and 6 are used for user data transfer and for dedicated signalling.

For the secondary Compact carrier(s) carrying CPCCCH, timeslot numbers (TN) 1, 3, 5, and 7 accommodate packet
common control channels as well as user data and dedicated signalling. TNs O, 2, 4, and 6 are used for user data transfer
and for dedicated signalling.

For the secondary Compact carrier(s) not carrying CPCCCH, timeslot numbers (TN) 0 through 7 are used for user data
transfer and for dedicated signalling.

For Compact, a base station istypically assigned at least 3 frequencies (one per cell which trandates into one primary
Compact carrier per cell allocation) using a 1/3 frequency re-use pattern. Each cell is assigned one time group based
upon which timeslot number is allocated for control (see 3GPP TS 45.002 [11]). Thisis known as the serving time
group.

Timeslot mapping and rotation of the control channels is used such that control channels belonging to a serving time
group are rotated over odd timeslot numbersasfollows: 7, 5, 3, 1, 7, 5 ... . The rotation occurs between frame numbers
(FN) mod 52 = 3 and 4. Packet switched logical channels PDTCH, PACCH, and PTCCH are never rotated.

For Compact, packet switched logical channels are mapped onto a Compact 52-multiframe. A Compact 52-multiframe
consists of 12 blocks of 4 consecutive frames, 2 idle frames (which can be used for CFCCH and CSCH), and 2 frames
used for PTCCH (see 3GPP TS 45.002 [11] and 3GPP TS 45.010[16]) as shown in Figure 2. A block allocated to a
given logical channel comprises one radio block or, in uplink only, 4 random access bursts. The type of channel may
vary on ablock by block basis.

The mapping of CPBCCH onto the radio blocks is defined by means of the ordered list of blocks (BO, B6, B3, B9, B1,
B7, B4, B10, B2, B8, B5, B11). On the downlink of the primary Compact carrier, the first block (BO) shall be used as
CPBCCH. If required, up to 3 more blocks on the primary Compact carrier can be used as additional CPBCCH. The
next up to 12 blocksin the ordered list of blocks are used for CPAGCH, CPNCH, PDTCH, and PACCH in the
downlink. The remaining blocksin the ordered list are used for CPPCH, CPAGCH, and CPNCH in the downlink. In all
cases, the actual usage of the blocks isindicated by the message type. The same applies to secondary Compact carriers.

In the uplink of the primary Compact carrier and secondary Compact carrier(s), al blocksin the multiframe can be used
as CPRACH. However, a prioritization scheme is recommended (see 3GPP TS 45.002 [11]). The MS may chose to
either ignore the USF (consider it as FREE) or use the USF to determine the CPRACH in the same way as for the other
blocks. Optionaly, the first blocks in the ordered list of blocks can only be used as CPRACH.

The mapping of channels on multiframes are controlled by several parameters broadcast on CPBCCH.
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6.1.2b  Multiframe structure for PDCH/H

NOTE: Thetextinthisclauseisinformative. The normative text isin 3GPP TS 45.002 [11]. Wherethereisa
conflict between these descriptions, the normative text has precedence.

The mapping in time of the logical channelsis defined by a multiframe structure. The multiframe structure for PDCH/H
consists of 52 TDMA frames, divided into 6 blocks (of 4 frames) and 2 idle frames according to Figure 3. No frames
are used for PTCCH (see 3GPP TS 45.002 [11]) and the two idle frames can be used by the M S for signal
measurements and BSI C identification.

« 52 TDMA frames >

3 RN NN SN N RN RN NN *\\ -
SOONGNT \ \ \ N, I~ \ \ \ \
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BO Bl B4 B5
Radio block n (sub-channel 0)

Radio block n (sub-channel 1)

Figure 3: Multiframe structure for PDCH/H
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A PDCH/H cannot be used as a PCCCH. On a PDCH/H al blocks can be used as PDTCH or PACCH. The actual usage
isindicated by the message type. The PDCH/H shall only be assigned to a mobile station in conjunction with a TCH/H
in the other subchannel of the physical channel.

6.1.3 Scheduling of PBCCH information.

An MS attached to GPRS shall not be required to monitor BCCH if aPBCCH exists. All system information relevant
for GPRS and some information relevant for circuit switched services (e.g. the access classes) shall in this case be
broadcast on PBCCH. For Compact, CPBCCH shall be allocated. CPBCCH and BCCH are mutually exclusive.

In order to facilitate the MS operation, the network is required to transmit certain types of Packet System Information
(PSI) messages in specific multiframes and specific PBCCH or CPBCCH blocks within the multiframes. The exact
scheduling isin 3GPP TS 45.002 [11].

When no PCCCH is allocated, the M S camps on CCCH and receives al system information on BCCH. Any necessary
GPRS specific system information shall in that case be broadcast on BCCH. For Compact, CPCCCH shall be allocated.

6.1.4 SMS cell broadcast

The M S reading of the primary and extended CBCH is occasionally interrupted by M S idle mode procedures when the
MS is GPRS attached and in packet idle mode.

6.1.5 MS Multislot Capability

The mobile station informs the network of its multislot capability by declaring its multisiot class. Thisimplicitly
determines a set of parameters that together define (see 3GPP TS 45.002 [11]):

- The minimum time the network should allow the M S between a transmit and receive operations for purposes of re-
tuning and/or monitoring.

- Limits on the number of timeslots that the mobile station is capable of receiving and/or transmitting ina TDMA
frame.

The MS declares amultislot class for GPRS and, if supported, EGPRS. If EGPRS2 is supported, the multislot class for
EGPRS2 isthe same as for EGPRS.

In downlink dua carrier configurations:
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- TheDTM EGPRS multidot class applies when Dual Transfer Mode is used, otherwise the EGPRS multislot
class applies

- The maximum number of timeslotsin a TDMA frame that the M S can receive isimplicitly specified by the
applicable multislot class, according to 3GPP TS 45.002 [11].

- The MSsignalsto the network whether it supports some reduced value relative to this maximum.

6.2 Radio Resource operating modes

Radio Resource (RR) management procedures are characterised by two different RR operating modes. Each mode
describes a certain amount of functionality and information allocated. RR procedures and RR operating modes are
specified in 3GPP TS 24.007 [5].

6.2.1 Packet idle mode

Packet idle mode is not applicable to an MS supporting DTM that has an ongoing RR connection. An M S that supports
DTM, that has an ongoing RR connection and that has no assigned packet resource isin dedicated mode.

In packet idle mode no Temporary Block Flow (see subclause 6.6.4.2) exists. Upper layers can require the transfer of
LLC PDUs which, implicitly, may trigger the establishment of one or more TBFs and transition to packet transfer
mode.

In packet idle mode, an M S capable of multiple TBF operation may request the establishment of one or more uplink
TBFs during a two-phase access.

In packet idle mode, the M S listens to the PBCCH and to the paging sub-channel for the paging group the M S belongs
toinidle mode. If PCCCH is not present in the cell, the mobile station listens to the BCCH and to the relevant paging
sub-channels.

While operating in packet idle mode, a mobile station belonging to GPRS M S class A may simultaneously enter the
different RR service modes defined in 3GPP TS 44.018 [6]. A mobile station belonging to either of GPRS M S class B
or C leaves both packet idle mode and packet transfer modes before entering dedicated mode, group receive mode or
group transmit mode.

6.2.2 Packet transfer mode

Packet transfer mode is not applicable to a mobile station supporting DTM that has an ongoing RR connection. A DTM
mobile station with an ongoing RR connection and with packet resources assigned isin dual transfer mode (see 6.2.3).

In packet transfer mode, the mobile station is assigned radio resources providing one or more Temporary Block Flows
where each TBF may operate on one or more physical channels. Continuous transfer of one or more LLC PDUsis
possible. Concurrent TBFs (i.e. one uplink TBF and one downlink TBF) may be established in opposite directions when
amobile station does not support multiple TBF procedures. Multiple concurrent uplink and downlink TBFs may be
established when a mobile station does support multiple TBF procedures. Transfer of LLC PDUsin RLC
acknowledged, RL C unacknowledged or RLC non-persistent mode is provided. If a mobile station supports multiple
TBF procedures and has two or more ongoing TBFs they shall use either GPRS TBF mode or EGPRS TBF mode (i.e.
mixing of GPRS and EGPRS TBF modes shall not be supported).

When selecting a new cell, amobile station leaves the packet transfer mode, enters the packet idle mode where it
switches to the new cell, reads the system information and may then resume to packet transfer mode in the new cell.

While operating in packet transfer mode, a mobile station belonging to GPRS M S class A may simultaneously enter the
different RR service modes defined in 3GPP TS 44.018. A mobile station belonging to either of GPRSMSclassB or C
leaves both packet idle mode and packet transfer modes before entering dedicated mode, group receive mode or group
transmit mode.

6.2.3 Dual transfer mode

In dual transfer mode, the M S has an ongoing RR connection and is assigned radio resource providing one or more
Temporary Block Flows where each TBF may operate on one or more physical channels. Continuous transfer of one or
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more LLC PDUsis possible. Concurrent TBFs (i.e. one uplink TBF and one downlink TBF) may be established in
opposite directions. Multiple concurrent uplink and downlink TBFs may be established for a mobile station that
supports multiple TBF procedures. Transfer of LLC PDUsin RLC acknowledged, RLC unacknowledged or RLC non-
persistent mode is provided.

While in dua transfer mode the MS performs al the tasks of dedicated mode. In addition, upper layers can require:
- therelease of al the packet resources, which triggers the transition to dedicated mode.
- therelease of the RR resources, which triggers the transition to idle mode and packet idle mode.

When handed over to anew cell, the MS leaves the dual transfer mode, enters the dedicated mode where it switches to
the new cell, may read the system information messages sent on the SACCH and may then enter dual transfer mode in
the new cell.

6.2.3a Broadcast/Multicast receive mode

In broadcast/multicast receive mode, the mobile station is assigned radio resources providing one or more p-t-m radio
bearers for the reception of MBMS sessions; each p-t-m bearer may operate on one or more physical channels. Transfer
of upper layer PDUs in RLC non-persistent mode is provided.

In broadcast/multicast receive mode, the M S listens to the PBCCH and to the paging sub-channel on the PCCCH for the
paging group the MS belongs to in packet idle mode. If PBCCH is not present in the cell, the mobile station listens to
the BCCH and to the relevant paging sub-channels on the CCCH for the paging group the MS belongs to. However, if
the mobile station listens to an MBMSS p-t-m bearer for which the network has indicated that system information and
paging messages are sent on the PACCH, the M S does not have to listen to the (P)BCCH and, if the MShasan MS_ID
on that MBMS p-t-m bearer as well, to the paging sub-channels.

When selecting a new cell, a mobile station leaves the broadcast/multicast receive mode and enters the packet idle
mode. After switching to the new cell, the MS may resume the reception of the MBM S session before completing the
acquisition of the system information if the location of the p-t-m bearer in the target cell has been provided by the
network in the source cell.

A mobile station belonging to either of GPRS M S class A, B or C leaves broadcast/multicast receive mode before
entering dedicated mode, group receive mode, group transmit mode, packet transfer mode or dual transfer mode.

6.2.4 Correspondence between Radio Resource operating modes and
Mobility Management States

The Mobility Management states are defined in 3GPP TS 23.060 [3]. Table 1 provides the correspondence between
Radio Resource states and Mobility Management states:

Table la: Correspondence between RR operating modes and MM states (non-DTM capable MS)

RR BSS Packet Measureme_nt No state | No state
transfer mode | report reception
Packet . Packet
RRMS transfer mode Packet idle mode idle mode
MM (NSS
and MS) Ready Standby

Table 1b: Correspondence between RR operating modes and MM states (DTM capable MS)

Measurement
RRBSS Dual Dedicated Packet report reception No state Dedicated No state
transfer d transfer d CS idle and
RR MS mode mode mode CS idle and packet idle mode die
packet idle
GMM (NSS
and MS) Ready Standby

Each state is protected by atimer. The timers run in the MS and the network.
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Packet transfer mode is guarded by RLC protocol timers.

6.2.5  Transitions between RR operating modes
The RR modes, and therefore the transitions between them, are different for each mode of operation (see 23.060).

Figure 3a shows the four RR states for an MS in mode of operation A that does not support DTM. The four states can
be regarded as the combination of two state machines with two RR states each:

- onthecircuit switched part, idle mode and dedicated mode

- onthe GPRS part, packet idle mode and packet transfer mode

TBF(s) released Dedi-

cated /
Packet

Packet access transfer

Packet
transfer

Packet access

Figure3a: RR operating modes and transitions for class A (DTM not supported)

Figure 3b shows the RR modes and transitions for an MS in modes of operation A (when it supports DTM) and B. In
the mode of operation B there are three RR modes:

- (Packet) idle mode
- Packet transfer mode
- Dedicated mode (see 3GPP TS 44.018)

For amobile station that supports DTM class A mode of operation, there is an additional RR mode: dual transfer mode.
This mode can be entered via a packet request procedure while in dedicated mode or RR connection establishment
procedure while in packet transfer mode (see 3GPP TS 44.018 and 44.060).

Dual
transfer

Class A

RR
establishment

Packet
release /Packet

Class

Figure 3b: RR operating modes and transitions for classes A (DTM supported) and B

Figure 3c shows the RR modes and transitions for an M S in mode of operation C. The MS can only be attached to either
GSM or GPRS:

- whenitisGSM attached (and GPRS detached), there are two RR modes: idle mode and dedicated mode

- whenitis GPRS attached (and GSM detached), there are two RR modes: packet idle mode and packet transfer
mode.
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Figure 3c: RR operating modes and transitions for class C

6.3 Layered overview of radio interface

The GPRS radio interface can be modelled as a hierarchy of logical layers with specific functions. An example of such
layering is shown in Figure 3d. The various layers are briefly described in the following subclauses.

The physical layer has been separated into two distinct sub-layers defined by their functions:

- Physical RF layer performs the modulation of the physical waveforms based on the sequence of bits received
from the Physical Link layer. The Physical RF layer also demodulates received waveformsinto a sequence of
bits which are transferred to the Physical Link layer for interpretation.

- Physical Link layer provides services for information transfer over a physical channel between the MS and the
Network. These functions include data unit framing, data coding, and the detection and correction of physical
medium transmission errors. The Physical Link layer uses the services of the Physical RF layer.

The lower part of the datalink layer is defined by following functions:

- The RLC/MAC layer provides services for information transfer over the physical layer of the GPRS radio
interface. These functions include backward error correction procedures enabled by the selective retransmission
of erroneous blocks. The MAC function arbitrates access to the shared medium between a multitude of MSs and
the Network. The RLC/MAC layer uses the services of the Physical Link layer. The layer above RLC/MAC (i.e.,
LLC described in 3GPP TS 23.060 [3] and defined in 3GPP TS 44.064 [8]) uses the services of the RLC/MAC
layer on the Um interface.

SNDCP SNDCP
Lo LG Scope of 3GPP TS 23.060
1 »  (Note)
o e e— ¥ Rc |
: Scope of 3GPP TS 43.064
MAC | MAC .
Phys. Link 3 o Phys. Link Noj[e: In the network the LLC is
----------------- : oo split between BSS and SGSN.
Phys. RF Phys. RF
MS Um Network

Figure 3d: GPRS MS — Network Reference Model
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6.4 Physical RF Layer

The GSM Physical RF layer is defined in 3GPP TS 45.0xx series recommendations, which specify among other things:
- The carrier frequencies characteristics and GSM radio channel structures (3GPP TS 45.002 [11]);

- The modulation of the transmitted wave forms and the raw data rates of GSM channels (3GPP TS 45.004 [13]);
and

- Thetransmitter and receiver characteristics and performance requirements (3GPP TS 45.005 [14]).

In the case of EGPRS and EGPRS2 the modulation format is inherently signalled by the rotation factor of the training
sequences as specified in 3GPP TS 45.004 [13] and 3GPP TS 45.002 [11] , enabling blind detection in the receiver.

6.5 Physical Link Layer

The Physical Link layer operates above the physical RF layer to provide a physical channel between the MS and the
Network.

6.5.1 Layer Services

The purpose of the Physical Link layer isto convey information across the GSM radio interface, including RLC/MAC
information. The Physical Link layer supports multiple M Ss sharing a single physical channel.

The Physical Link layer provides communication between M Ss and the Network.

The Physical Link layer control functions provide the services necessary to maintain communications capability over
the physical radio channel between the Network and M Ss. Radio subsystem link control procedures are currently
specified in 3GPP TS 45.008 [15]. Network controlled handovers are not used in the GPRS service. M S performed cell-
reselection is used, see subclause 6.5.6.

6.5.2 Layer Functions

The Physical Link layer isresponsible for:

- Forward Error Correction (FEC) coding, allowing the detection and correction of transmitted code words and the
indication of uncorrectable code words. The coding schemes are described in subclause 6.5.5.

- Interleaving of one Radio Block over four burstsin consecutive TDMA frames, as specified in 3GPP TS 45.003
[12].

- Procedures for detecting physical link congestion.
The Physical Link layer control functions include:

- Synchronisation procedures, including means for determining and adjusting the MS Timing Advance to correct
for variancesin propagation delay , 3GPP TS 45.010 [16];

- Monitoring and evaluation procedures for radio link signal quality;
- Cdl (re-)selection procedures;
- Transmitter power control procedures; and

- Battery power conservation procedures, e.g. Discontinuous Reception (DRX) procedures.
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6.5.3 Service Primitives

Table 2 lists the service primitives provided by the Physical Link layer to RLC/MAC layer. More detailed description is
givenin 3GPP TS 44.004 [4].

Table 2: Service primitives provided by the Physical link layer

Name Request [indication | response | confirm Comments
PH-DATA X X Used to pass message units containing
frames used for RLC/MAC layer
respective peer-to-peer communications
to and from the physical layer.
PH-RANDOM X X X Used to request and confirm (in the MS)
ACCESS the sending of a random access frame
and to indicate (in the network) the arrival
of a random access frame.
PH-CONNECT X Used to indicate that the physical
connection on the packet data physical
channel has been established.
PH-READY-TO- X Used by the physical layer to trigger, if
SEND applicable, piggy backing, the start of
timer for the RLC/MAC layer and the
forwarding a data unit to the physical

layer
PH-EMPTY- X Used by the RLC/MAC layer to indicate
FRAME that no frame has to be transmitted after
receiving the PH-READY-TO-SEND
primitive
6.5.4 Radio Block Structure
6.5.4.1 Radio Block structure for data transfer for GPRS

Different Radio Block structures for data transfer and control message transfer purposes are defined. The same Radio
Block structure is used for control messages for all TBFs, with the exception of downlink control blocks for TBFsin
RTTI configuration, where two Radio Block structures are possible. For detailed definition of radio block structure, see
3GPP TS 44.060[7].

For GPRS, a Radio Block for datatransfer consists of one MAC Header, one RLC header and one RLC data block. It is
aways carried by four normal bursts.

Radio Block

MAC header | RLC header | RLC data | BCS

Figure 4: Radio Block structure for data transfer for GPRS

The MAC header contains control fields which are different for uplink and downlink directions. The MAC header has
constant length, 8 bits.

The RLC header contains control fields which are different for uplink and downlink directions. The RLC header has
variable length.

The RLC data field contains octets from one or more LLC PDUSs.

The Block Check Sequence (BCS) is used for error detection.

6.5.4.2 Radio Block structure for data transfer for EGPRS with FANR not activated

For EGPRS, a Radio Block for data transfer consists of one RLC/MAC header and one or two RLC data blocks. Itis
always carried by four normal bursts. The interleaving depends on the MCS used.
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Radio Block

RLC/MAC header | HCs | RLC data | BCS

Figure 5: Radio Block structure for data transfer for EGPRS with FANR not activated

The RLC/MAC header contains control fields which are different for uplink and downlink directions. The RLC/MAC
header has variable length.

The RLC data field contains octets from one or more LLC PDUs.

The Block Check Sequence (BCS) is used for error detection of the data part.

The RLC data field and BCS are repeated per the number of RLC data blocks in the radio block.
The Header Check Sequence (HCS) is used for error detection of the header part.

The header part isindependently coded from the data part and has its own check sequence. Tail biting (i.e. no explicit
tail bits are appended before encoding. The encoder isinitialised with the last information bits enabling tail biting
decoding in the receiver) is used to reduce the size of the header.

6.5.4.3 Radio Block structure for data transfer for EGPRS with FANR activated or for
EGPRS2

For an EGPRS TBF with FANR activated, a Radio Block for data transfer consists of one RLC/MAC header, one or
two RLC data block(s) and, optionally, one PAN field. It is always carried by four normal bursts. The interleaving
depends on the MCS used.

For an EGPRS2 TBF, a Radio Block for datatransfer consists of one RLC/MAC header, one up to four RLC data
block(s) and optionally one PAN field. It is always carried by four normal bursts, or by four higher symbol rate bursts.
The interleaving depends on the modulation and coding scheme used.

Radio Block

RLC/MAC header HCS RLC data BCS PAN and PCS
(optional)

Figure 5a: Radio Block structure for data transfer for EGPRS with FANR activated or EGPRS2

The RLC/MAC header contains control fields which are different for uplink and downlink directions. The RLC/MAC
header has variable length. The RLC/MAC header indicates whether a PAN field and associated PCS field are included
or not in the radio block.

The PAN field contains piggy-backed ack/nack information sent in one direction to provide acknowledgement for a
TBF with FANR activated in the other direction.

The RLC data field contains octets from one or more LLC PDUs.

The Block Check Sequence (BCS) is used for error detection of the data part.
The Header Check Sequence (HCS) is used for error detection of the header part.
The PAN Check Sequence (PCY) is used for error detection of the PAN field.

The header part, the data part and the PAN field are al coded independently and each has its own check sequence. Tail
biting (i.e. no explicit tail bits are appended before encoding. The encoder isinitialised with the last information bits
enabling tail biting decoding in the receiver) is used for the encoding of the header.

6.5.4.4 Radio Block structure for control message transfer

6.5.4.4.1 General format (CS-1)

The general format of the Radio Block structure for control message transfer is applicable to any control message
except on downlink PDCH pairs supporting TBFsin RTTI configuration using the BTTI USF mode. It may optionally
be used on downlink PDCH pairs supporting TBFsin RTTI configuration using the RTTI USF mode.
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Thisformat, based on CS-1 encoding, consists of one MAC header, one RLC/MAC Control Block and one Block
Check Sequence. It isaways carried by four normal bursts.

Radio Block

MAC header | RLC/MAC Control Message | BCS

Figure 6: Radio Block structure for control message - general format

The MAC header contains control fields which are different for uplink and downlink directions. The MAC header has
constant length, 8 bits.

The Block Check Sequence (BCS) is used for error detection.

The RLC/MAC Control message field contains one RLC/MAC control message.

6.5.4.4.2 Format for downlink control message for RTTI configuration (MCS-0)

Thisformat shall be used on downlink PDCH pairs supporting TBFsin RTTI configuration using the BTTI USF mode,
and may optionally be used on downlink PDCH pairs supporting TBFsin RTTI configuration using the RTTI USF
mode.

This format, based on MCS-0 encoding, consists of one RLC/MAC header, one Header Check Sequence, one
RLC/MAC Control Block and one Block Check Sequence. It is aways carried by four normal bursts.

Radio Block

RLC/MAC header + BCS | HCS | RLC/MAC control message

Figure 6a: Radio Block structure for downlink control message for RTTI configuration

The RLC/MAC header together with the BCS has a constant length of 31 bits.

The Header Check Sequence (HCS) is used for error detection of the header part.

The RLC/MAC Control message field contains one RLC/MAC control message.

The Block Check Sequence (BCS) is used for error detection of the RLC/MAC control message.

6.5.5  Channel Coding

NOTE: Thetextinthis subclause isinformative. The normative text isin 3GPP TS 45.003 [12]. Where thereisa
conflict between these descriptions, the normative text has precedence.

Four coding schemes, CS-1 to CS-4, are defined for the GPRS packet data traffic channels. For al other GPRS packet
control channels than Packet Random Access Channel (PRACH) and Packet Timing Advance Control Channel on
Uplink (PTCCH/U), coding scheme CS-1 is always used. For access bursts on PRACH, two coding schemes are
specified.

All coding schemes (CS-1 to CS-4) are mandatory for M Ss supporting GPRS. CS-1 is mandatory for a network
supporting GPRS.

Nine modulation and coding schemes, MCS-1 to MCS-9, are defined for the EGPRS packet data traffic channels. For
all EGPRS packet control channels the corresponding GPRS packet control channel coding is used. M Ss supporting
EGPRS shall support MCS-1 to MCS-9 in downlink and MCS-1 to MCS-4 in uplink. In case an M S supporting EGPRS
is8-PSK capablein uplink, it shall also support MCS-5 to MCS-9 in uplink. A network supporting EGPRS may support
only some of the MCSs.

Eight modulation and coding schemes, DAS-5 to DAS-12, are defined for the EGPRS2-A packet data traffic channels
for the downlink. Eight modulation and coding schemes, DBS-5 to DBS-12, are defined for the EGPRS2-B packet data
traffic channels for the downlink. Four EGPRS modulation and coding schemes, MCS-1 to MCS-4, are also used for
downlink EGPRS2.

Five modulation and coding schemes, UAS-7 to UAS-11, are defined for the EGPRS2-A packet data traffic channels
for the uplink. Six EGPRS modulation and coding schemes, MCS-1 to MCS-6, are also used for uplink EGPRS2-A.
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Eight modulation and coding schemes, UBS-5 to UBS-12, are defined for the EGPRS2-B packet data traffic channels
for the uplink. Four EGPRS modulation and coding schemes, MCS-1 to MCS-4, are also used for uplink EGPRS2-B.

M Ss supporting EGPRS2-A in the downlink shall support al of DAS-5to DAS-12. M Ss supporting EGPRS2-B in the
downlink shall support all of DBS-5to DBS-12, in addition to DAS-5 to DAS-12. M Ss supporting EGPRS2-A in the
uplink shall support al of UAS-7 to UAS-11. M Ss supporting EGPRS2-B in the uplink shall support al of UBS-5 to
UBS-12, in addition to UAS-7 to UAS-11. For al EGPRS2 packet control channels, the corresponding GPRS control
channel coding is used. M Ss supporting EGPRS2 in the downlink and/or the uplink shall support EGPRS.

A network supporting EGPRS2 may support only some of the modulation and coding schemes, DAS-5to DAS-12,
DBS-5to DBS-12, UAS-7 to UAS-11, and UBS-5 to UBS-12.

For all EGPRS2 packet control channelsin BTTI configuration, the corresponding GPRS packet control channel coding
isused.

In RTTI configuration, the PACCH in the uplink shall be always encoded using CS-1 and the PACCH in the downlink
may be encoded using MCS-0 or CS-1. MCS-0 shall be used for PACCH in the downlink associated with TBF using
RTTI configuration which shares PDCH(s) with TBF(s) using BTTI configuration.

6.5.5.1 Channel coding for PDTCH

6.5.5.1.1 Channel coding for GPRS PDTCH

Four different coding schemes, CS-1 to CS-4, are defined for the GPRS Radio Blocks carrying RLC data blocks. The
block structures of the coding schemes are shown in Figure 7 and Figure 8.

Radio Block

A
v

USF BCS

< rate 1/2 convolutional coding

v

v

A

puncturing

v

456 bits

A

Figure 7: Radio Block structure for CS-1to CS-3

. Radio Block R
USF BCS
block| |, - R
code no coding

< 456 bits >

Figure 8: Radio Block structure for CS-4

The first step of the coding procedure isto add a Block Check Sequence (BCS) for error detection.

For CS-1 - CS-3, the second step consists of pre-coding USF (except for CS-1), adding four tail bits and a half rate
convolutional coding for error correction that is punctured to give the desired coding rate.

For CS-4 there is no coding for error correction.
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The details of the codes are shown in table 3, including:
- thelength of each field;

- the number of coded bits (after adding tail bits and convolutional coding);

- the number of punctured bits;

- thedatarate.
Table 3: Coding parameters for the GPRS coding schemes.
Scheme | Coderate | USF [Pre-coded| Radio BCS | Tail [ Coded [Punctured| Data rate Data rate
USF Block bits bits kb/s kb/s
excl. USF (Note 1) (Note 2)
and BCS
Cs-1 1/2 3 3 181 40 4 456 0 9.05 8.0
CS-2 =2/3 3 6 268 16 4 588 132 134 12.0
CS-3 =3/4 3 6 312 16 4 676 220 15.6 14.4
CS-14 1 3 12 428 16 - 456 - 214 20.0
NOTE 1: This value includes the RLC header, the MAC header (excluding the USF), the spare bits and RLC
information.
NOTE 2: This value includes only RLC information.

CS-1 isthe same coding scheme as specified for SACCH in 3GPP TS 45.003 [12]. It consists of a half rate
convolutional code for FEC and a 40 bit FIRE code for BCS (and optionally FEC).

CS-2 and CS-3 are punctured versions of the same half rate convolutional code as CS-1 for FEC.
CS-4 has no FEC.

CS-2 to CS-4 use the same 16 bit CRC for BCS. The CRC is calculated over the whole uncoded RL C data block
including MAC Header.

The USF has 8 states, which are represented by abinary 3 bit field in the MAC Header.
For CS-1, the whole Radio Block is convolutionally coded and USF needs to be decoded as part of the data.

All other coding schemes generate the same 12 bit code for USF. The USF can be decoded either as a block code or as
part of the data.

In order to simplify the decoding, the stealing bits (defined in 3GPP TS 45.003 [12] ) of the block are used to indicate
the actual coding scheme.
6.5.5.1.2

Nine different modulation and coding schemes, MCS-1 to MCS-9, are defined for the EGPRS Radio Blocks carrying
RL C data blocks. The block structures of the coding schemes are shown from Figure 10 to Figure 18 and in Table 4. A
general description of the MCSsisgivenin Figure9.

Channel coding for EGPRS PDTCH

The MCSs are divided into different families A, B and C. Each family has a different basic unit of payload: 37 (and 34),
28 and 22 octets respectively. Different code rates within afamily are achieved by transmitting a different number of
payload units within one Radio Block. For families A and B, 1, 2 or 4 payload units are transmitted, for family C, only
1 or 2 payload units are transmitted.

When 4 payload units are transmitted (MCS-7, MCS-8 and MCS-9), these are split into two separate RLC blocks (i.e.
with separate sequence numbers and BCSs). These blocks in turn are interleaved over two bursts only, for MCS-8 and
MCS-9. For MCS-7, these blocks are interleaved over four bursts. All the other MCSs carry one RLC block whichis
interleaved over four bursts. When switching to MCS-3 or MCS-6 from MCS-8, 6 padding octets are added to the data
octets.
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Figure 9: General description of the Modulation and Coding Schemes for EGPRS

To ensure strong header protection, the header part of the Radio Block isindependently coded from the data part of the
Radio Block (8 bit CRC calculated over the header -excl. USF- for error detection, followed by rate 1/3 convolutional
coding —and eventually puncturing- for error correction). Three different header formats are used, one for MCS-7,
MCS-8 and MCS-9, one for MCS-5 and MCS-6 and one for MCS-1 to MCS-4. The two first formats are for 8PSK
modes, the difference being in the number of Sequence Numbers carried (2 for MCS-7, -8 and -9, 1 for MCS-5 and —6).
The third format is common to all GMSK modes. The header is aways interleaved over four bursts. See 3GPP TS

44.060 [7] for more details.

The following figures show the coding and puncturing for all the Modulation and Coding Schemes, for downlink traffic.
For TBFswith FANR activated, the figures refer to the case when no PAN field isincluded.

NOTE:

The USF and SB fields shown in Figures 10 to 18 may be mapped in another way when RTTI

configuration is used with BTTI USFs, see 3GPP TS 45.002 for details.
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3 bits 45 bits 612 bits 612 bits
USF RL&";\?AC HCS| E | FBI |Data= 592 bits| BCS | TB | E | FBI |Data=592 hits| BCS | TB
Rate 1/3 convolutional coding Rate 1/3 convolutional coding
A 4 Y
36 bits 135 hits 1836 bits 1836 bits
) uncturing =
puncturing . P
v v v ~ P & v
SB=8 36 hits 124 bits 612 bits 612 bits 612 bits 612 bits 612 bits 612 bits
T\ SR 2 P3Pl S eR2 P3
1392 bits

Figure 10: Coding and puncturing for MCS-9; uncoded 8PSK, two RLC blocks per radio block

3 hits

45 hits 564 bits 564 bits
USF R'—ﬁ’gﬁ'“ HCS E | FBI |Data= 544 bits| BCS | TB | E | FBI |Data= 544 bits| BCS | TB
Rate 1/3 convolutional coding \ Rate 1/3 convolutional coding
A4 Y
36 bits 135 bits 1692 bits 1692 bits
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v v e - A i - A 4
SB=8 36 bits 124 bits 612 bits | 612bits | 612bits | 612 bits | 612 bits | 612 bits
””’_, d — =7/ P2 P3 P1 P2 P3
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Figure 11: Coding and puncturing for MCS-8; rate 0.92 8PSK, two RLC blocks per radio block
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3 bits 45 hits 468 hits 468 hits
USF RngfAC HCS E | FBI |Data = 448 hits| BCS | TB | E | FBI |Data= 448 bits| BCS | TB
Rate 1/3 convolutional coding \ Rate 1/3 convolutional coding
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Figure 12: Coding and puncturing for MCS-7; rate 0.76 8PSK, two RLC blocks per radio block
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Figure 13: Coding and puncturing for MCS-6; rate 0.49 8PSK, one RLC block per radio block
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Figure 14: Coding and puncturing for MCS-5; rate 0.37 8PSK, one RLC block per radio block
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Figure 15: Coding and puncturing for MCS-4; uncoded GMSK, one RLC block per radio block
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Figure 16: Coding and puncturing for MCS-3; rate 0.85 GMSK, one RLC block per radio block
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Figure 17: Coding and puncturing for MCS-2; rate 0.66 GMSK, one RLC block per radio block
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Figure 18: Coding and puncturing for MCS-1; rate 0.53 GMSK, one RLC block per radio block

The USF has 8 states, which are represented by a binary 3 bit field in the MAC Header. The USF is encoded to 12
symbols similarly to GPRS, (i.e., 12 bits for GM SK modes and 36 hits for 8PSK modes).

The FBI (Final Block Indicator) bit and the E (Extension) bit defined in 3GPP TS 44.060 [7] do not require extra
protection: they are encoded a ong with the data part.

Thefirst step of the coding procedure is to add a Block Check Sequence (BCS) for error detection.

The second step consists of adding six tail bits (TB) and a 1/3 rate convolutional coding for error correction that is
punctured to give the desired coding rate. The P; for each MCS correspond to different puncturing schemes achieving
the same coding rate. The bits indicating the MCS used are in the coded header. In both 8PSK and GMSK modes the
stealing bits (SB) of the block are used to indicate the header formats. There are eight SB for 8PSK mode which allow
to indicate four header formats. There are twelve SB for GM SK mode which allow to indicate two header formats: the
first eight of the twelve SB indicate CS-4.

Note that the mapping of USFs and SB bits onto PDCHs/burstsin RTTI configuration may be different than shown in
Figures 10-18 when BTTI USFs are used. In RTTI configuration, two bursts of aradio block are mapped on one PDCH
while the other two bursts are mapped onto the second PDCH of a PDCH pair. On the other hand, aBTTI USF belongs
to one PDCH and is mapped on four consecutive bursts transmitted on that PDCH, i.e. two bursts belongsto one RTTI
radio block while the other two bursts belong to another RTTI radio block. The detailed mapping is defined in 3GPP TS
45.002.

The details of the EGPRS coding schemes are shown in table 4. The data rates exclude the RLC/MAC header(s).
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Table 4: Coding parameters for the EGPRS coding schemes

Scheme | Code |Header| PAN Code |Modul|RLC blocks | Raw Data within | Family [BCS| Tail | HCS | PCS (if | Data rate
rate Code rate ation | per Radio | one Radio Block payl present) | per PDCH
(Note 2) | rate |(if present) Block (Note 1) oad kb/s
MCS-9 1.0 0.36 n/a 2 2x592 2x12| 2x6 59.2
MCS-8 0.92 0.36 0.42 2 2x544 54.4
(0.98) 8PSK
MCS-7 0.76 0.36 0.42 2 2x448 B 44.8
(0.81) 8 10
MCS-6 0.49 1/3 0.39 1 592 A 29.6
(0.52) 48+544 27.2
MCS-5 0.37 1/3 0.39 1 448 B 12| 6 22.4
(0.40)
MCS-4 1.0 0.53 n/a 1 352 C 17.6
MCS-3 0.85 0.53 0.63 1 296 A 14.8
(0.96) GMSK 48+248 and 296 13.6
MCS-2 0.66 0.53 0.63 1 224 B 11.2
(0.75)
MCS-1 0.53 0.53 0.63 1 176 C 8.8
(0.60)
NOTE 1: The italic captions indicate the 6 octets of padding when retransmitting an MCS-8 block with MCS-3 or MCS-6. For MCS-3,
the 6 octets of padding are sent every second block (see 3GPP TS 44.060).
NOTE 2: The numbers in brackets indicate the coding rate for transmission using Fast Ack/Nack Reporting, when the PAN field is
present.
6.5.5.1.3 Channel coding for EGPRS2 PDTCH

Eight different modulation and coding schemes, DAS-5 to DAS-12, are defined for the EGPRS2-A Radio Blocks
carrying RLC data blocks on the downlink; additionally MCS-1 to MCS-4 are included within EGPRS2-A in the
downlink in order to enable complete family structure. In addition, MCS-7 and MCS-8 are included within EGPRS-2A
and may be used when either the USF or the PAN or both are addressed to one or more EGPRS mobile stations. Eight

different modulation and coding schemes, DBS-5 to DBS-12, are defined for the EGPRS2-B Radio Blocks carrying

RL C data blocks on the downlink; additionally MCS-1 to MCS-4 are included within EGPRS2-B in the downlink in
order to enable complete family structure. Furthermore, MCS-6 to MCS-9, DAS-5, DAS-6, DAS-8, DAS-9, DAS-10

pad, DAS-11, and DAS-12 pad are also included within EGPRS2-B and may be used when either the USF or the PAN
or both are addressed to one or more EGPRS2-A mobile stations. Similarly, MCS-6 to MCS-9, DAS-5 and DAS-6 may
be used when either the USF or the PAN or both are addressed to one or more EGPRS mobile stations.

Five different modulation and coding schemes, UAS-7 to UAS-11, are defined for the EGPRS2-A Radio Blocks
carrying RLC data blocks on the uplink; additionally MCS-1 to MCS-6 are included within EGPRS2-A in the uplink in
order to enable complete family structure. Eight different modulation and coding schemes, UBS-5to UBS-12, are

defined for the EGPRS2-B Radio Blocks carrying RLC data blocks on the uplink; additionally MCS-1 to MCS-4 are

included within EGPRS2-B in the uplink in order to enable complete family structure.

The block structures of the coding schemes are shown in Figure 18e.1 to Figure 18e.8, Figure 18f.1 to Figure 18f.8,
Figure 189.1 to Figure 189.5, and Figure 18h.1 to Figure 18n.8, and in Table 4a, 4b, 4c and 4d. A general description of
the modulation and coding scheme familiesis givenin Figure 18a, 18b, 18c and 18d.

The EGPRS2 modulation and coding schemes are divided into different families A, B and C. Each family has a

different basic unit of payload: 37 (and 34), 28 and 22 octets respectively. Different code rates within afamily are
achieved by transmitting a different number of payload units within one Radio Block. See Figure 18a, 18b, 18c, 18d for
information of the number of payload units used in each family.

When 4 payload units are transmitted (UBS-11 and UBS-12), these are split into four separate RLC blocks (i.e. with
separate sequence numbers and BCSs). These blocksin turn are interleaved over one burst only,
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Figure 18a: General description of the Modulation and Coding Schemes for EGPRS2-A in the
downlink
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Figure 18b: General description of the Modulation and Coding Schemes for EGPRS2-B in the downlink
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Figure 18c: General description of the Modulation and Coding Schemes for EGPRS2-A in the uplink
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Figure 18d: General description of the Modulation and Coding Schemes for EGPRS2-B in the uplink
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To ensure strong header protection, the header part of the Radio Block is independently coded from the data part of the
Radio Block (8 bit CRC calculated over the header -excl. USF- for error detection, followed by rate 1/3 convolutional
coding —and eventually puncturing- for error correction).

For EGPRS2-A in the downlink, 4 different header formats are used, one for DAS-5 to DAS-7, one for DAS-8 and
DAS-9, one for DAS-10, and one for DAS-11 and DAS-12, in addition to the header format for MCS-1 to MCS-4. For
EGPRS2-B in the downlink, 4 different header formats are used, one for DBS-5 and DBS-6, one for DBS-7 and DBS-8,
one for for DBS-9 and DBS-10, and one for DBS-11 and DBS-12, in addition to the header format for MCS-1 to MCS-
4,

For EGPRS2-A in the uplink, 2 different header formats are used, one for UAS-7 to UAS-9, and one for UAS-10 and
UAS-11, in addition to the header format for MCS-1 to MCS-4, and the header format for MCS-5 and MCS-6. For
EGPRS2-B in the uplink, 4 different header formats are used, one for UBS-5 and UBS-6, one for UBS-7 and UBS-8,
one for UBS-9 and UBS-10, and one for UBS-11 and UBS-12, in addition to the header format for MCS-1 to MCS-4.
See 3GPP TS 44.060 [7] for more details.

The following figures show the coding and puncturing for all the modulation and coding schemes, for downlink traffic.

NOTE: TheUSF and SB fields shown in Figure 18e.1 to Figure 18e.8, Figure 18f.1 to Figure 18f.8, Figure 18g.1 to
Figure 189.5, and Figure 18h.1 to Figure 18h.8 may be mapped in another way when RTTI configuration is used with
BTTI USFs, see 3GPP TS 45.002 for details. Unless otherwise marked, al fields shown in Figure 18e.1 to Figure 18e.8
and Figure 18g.1 to Figure 189.5 are interleaved over 4 normal bursts; all fields shown in in Figure 18f.1 to Figure 18f.8
and Figure 18h.1 to Figure 18h.8 are interleaved over 4 HSR bursts.
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Figure 18e.1: Coding and puncturing for DAS-12; rate 1.00/0.96 32QAM, three RLC blocks per radio block
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Figure 18e.2: Coding and puncturing for DAS-11; rate 0.84/0.80 32QAM, three RLC blocks per radio block
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Figure 18e.3: Coding and puncturing for DAS-10; rate 0.66/0.64 32QAM, two RLC blocks per radio block
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Figure 18e.4: Coding and puncturing for DAS-9; rate 0.71/0.68 16QAM, two RLC blocks per radio block
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Figure 18e.5: Coding and puncturing for DAS-8; rate 0.59/0.56 16QAM, two RLC blocks per radio block
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Figure 18e.6: Coding and puncturing for DAS-7; rate 0.58/0.54 8PSK, one RLC blocks per radio block
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Figure 18e.7: Coding and puncturing for DAS-6; rate 0.48/0.45 8PSK, one RLC blocks per radio block
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Figure 18e.8: Coding and puncturing for DAS-5; rate 0.40/0.37 8PSK, one RLC blocks per radio block
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Figure 18f.1: Coding and puncturing for DBS-12; rate 1.00/0.98 32QAM, four RLC blocks per radio block
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Figure 18f.2: Coding and puncturing for DBS-11; rate 0.94/0.91 32QAM, four RLC blocks per radio block
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Figure 18f.3: Coding and puncturing for DBS-10; rate 0.75/0.72 32QAM, three RLC blocks per radio block
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Figure 18f.4: Coding and puncturing for DBS-9; rate 0.74/0.71 16QAM, three RLC blocks per radio block
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Figure 18f.5: Coding and puncturing for DBS-8; rate 0.63/0.60 16QAM, two RLC blocks per radio block
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Figure 18f.6: Coding and puncturing for DBS-7; rate 0.49/0.47 16QAM, two RLC blocks per radio block
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Figure 18f.7: Coding and puncturing for DBS-6; rate 0.69/0.63 QPSK, one RLC blocks per radio block
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Figure 18f.8: Coding and puncturing for DBS-5; rate 0.53/0.49 QPSK, one RLC blocks per radio block

60 bits 532 bits 532 bits 532 bits 26 bits
e T e I
RLC/MAC Data = T Data = T Data = T | PAN | PCS
Hdr ‘HCSJE‘ FBL | xbits | BCS ‘B‘E‘ FBL | xbits | BCS ‘B‘E‘ FBL | bits ‘BCS ‘B ‘ (opt) | (opt)
Rate 1/3 Convolutional Rate 1/3 Convolutional Rate 1/3 Convolutional
coding coding coding
168 bits 1596 bits 1596 bits 1596 bits
St puncturing 7| U puncturing 7| “TSs puncturing
\J \J \‘\ P ¥ S, | A S S, | A eV )
‘ SB=8 168 bits 534/560} 534/560 | 534/560 | 534/560 | 534/560 | 534/560 | 534/560 | 534/560 | 534/560
| bits \ bits bits _ bits bits bits _ bits I bits bits
S ST S < SN VAN N < SR VA - R
‘ Normal Burst ‘ } Normal Burst Normal Burst Normal Burst

Figure 18g.1: Coding and puncturing for UAS-11; rate 1.00/0.95 16QAM, three RLC blocks per radio block
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Figure 18g.2: Coding and puncturing for UAS-10; rate 0.88/0.84 16QAM, three RLC blocks per radio block

Figure 18g.3: Coding and puncturing for UAS-9; rate 0.75/0.71 16QAM, three RLC blocks per radio block
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Figure 18g.4: Coding and puncturing for UAS-8; rate 0.65/0.62 16QAM, two RLC blocks per radio block
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Figure 18g.5: Coding and puncturing for UAS-7; rate 0.57/0.55 16QAM, two RLC blocks per radio block
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Figure 18h.1: Coding and puncturing for UBS-12; rate 1.00/0.96 32QAM, four RLC blocks per radio block
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Figure 18h.2: Coding and puncturing for UBS-11; rate 0.92/0.89 32QAM, four RLC blocks per radio block
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Figure 18h.3: Coding and puncturing for UBS-10; rate 0.74/0.71 32QAM, three RLC blocks per radio block

ETSI



ETSI TS 143 064 V7.9.0 (2008-07)

3GPP TS 43.064 version 7.9.0 Release 7 56
60 bits 474 bits 474 bits 474 bits 26 bits
- 4
RLC/MAC Data = T Data = T Data = T]PAN [ PCS
Hdr ‘ HCS J E ‘ FBI X bits BCS ‘ B ‘ E ‘ FBI X bits BCS ‘ B ‘ E ‘ FBI X bits BCS ‘ B | (opt) ‘ (opt)
Rate 1/3 Convolutional Rate 1/3 Convolutional Rate 1/3 Convolutional
coding coding coding
184 bits 1422 bits 1422 bits 1422 bits
e puncturing 7| puncturing "= puncturing
v Y aa s QY Caa as WY Caa ap )
SB=3 184 bits 6447672 | 6447672 | 6447672 | 644/672 | 644/672 | 6447672 | 6447672 | 6447672 | 644/672
bits bits bits bits bits bits bits bits bits
P1 P2 P3 P1 P2 P3 P1 P2 P3
HSR Burst ‘ ‘ HSR Burst ‘ ‘ HSR Burst ‘ ‘ HSR Burst

Figure 18h.4: Coding and puncturing for UBS-9; rate 0.73/0.70 16QAM, three RLC blocks per radio block
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Figure 18h.5: Coding and puncturing for UBS-8; rate 0.62/0.60 16QAM, two RLC blocks per radio block
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Figure 18h.6: Coding and puncturing for UBS-7; rate 0.47/0.46 16QAM, two RLC blocks per radio block
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Figure 18h.7: Coding and puncturing for UBS-6; rate 0.67/0.62 QPSK, one RLC blocks per radio block
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Figure 18h.8: Coding and puncturing for UBS-5; rate 0.52/0.47 QPSK, one RLC blocks per radio block
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The USF has 8 states, which are represented by a binary 3 bit field in the MAC Header. The USF encoding for GM SK
and 8-PSK modulation schemesis as for EGPRS (see subclause 6.5.5.1.2). For 16QAM and 32QAM modulation
schemes at normal symbol rate the USF is encoded to 12 symbols, (i.e., 48 bits for 16QAM and 60 bits for 32QAM).
For QPSK, 16QAM and 32QAM modulation schemes at higher symbol rate, the USF is encoded to 16 symbols (i.e. 32
bits for QPSK, 64 bits for 16QAM and 80 bits for 32QAM).

The FBI (Final Block Indicator) bit and the E (Extension) bit defined in 3GPP TS 44.060 [7] do not require extra
protection: they are encoded along with the data part.

The first step of the coding procedure isto add a Block Check Sequence (BCS) for error detection.

For EGPRS2 in the downlink, the second step consists of 1/3 rate turbo coding for error correction that is punctured to
give the desired coding rate. The P; for each modulation and coding scheme corresponds to different puncturing
schemes achieving the same coding rate. The bits indicating the modulation and coding scheme used are in the coded
header. In 8PSK, 16QAM and 32QAM at normal symbol rate and QPSK, 16QAM and 32QAM at higher symbol rate,
the stealing bits (SB) of the block are used to indicate the header formats.

For EGPRS2 in the uplink, the second step consists of adding six tail bits (TB) and a 1/3 rate convolutional coding for
error correction that is punctured to give the desired coding rate. The P, for each modulation and coding scheme
corresponds to different puncturing schemes achieving the same coding rate. The bits indicating the modulation and
coding scheme used are in the coded header. In 16QAM and 32QAM at normal symbol rate and QPSK, 16QAM and
32QAM at higher symbol rate, the stealing bits (SB) of the block are used to indicate the header formats.

The mapping of USFs and SB bits onto PDCHs/burstsin RTTI configuration may be different from that shown in
Figure 18e.1 to Figure 18e.8, Figure 18f.1 to Figure 18f.8, Figure 18g.1 to Figure 18g.5, and Figure 18h.1 to Figure
18h.8 when BTTI USFsare used. In RTTI configuration, two bursts of aradio block are mapped on one PDCH while
the other two bursts are mapped onto the second PDCH of a PDCH pair. On the other hand, aBTTI USF belongs to one
PDCH and is mapped on four consecutive bursts transmitted on that PDCH, i.e. two bursts belongsto one RTTI radio
block while the other two bursts belong to another RTTI radio block. The detailed mapping is defined in 3GPP TS
45.002.

The details of the EGPRS2 modulation and coding schemes are shown in tables 4a, 4b, 4c and 4d. The datarates
exclude the RLC/MAC header(s).
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Table 4a: Coding parameters for the EGPRS2-A modulation and coding schemes in the downlink

Scheme [Code rate| Header |Modulation|RLC blocks | Raw Data |Family |BCS| Tail HCS | Data rate

(Note 1) [Code rate per Radio | within one payload per PDCH
Block Radio kb/s
Block

DAS-12 0.96 0.38 320QAM 3 1968 Bp 3x1 [3X12 8 98 .4
(1.00) 2

DAS-11 0.80 0.38 3 1632 Ap 81l.6
(0.84)

DAS-10 064 [0.33 2 1312 Bp 2x1 [2x12 65.6
(0.66) 2

DAS-9 0.68 0.34 160Q0AM 2 1088 Ap 54 .4
(0.71)

DAS-8 0.56 0.34 2 896 B 44 .8
(0.59)

DAS-7 054 [0.33 8-PSK 1 656 Bp 12 |1x12 32.8
(0.58)

DAS-6 0.45 0.33 1 544 Ap 27.2
(0.48)

DAS-5 0.37 0.33 1 448 B 22.4
(0.4)

DAS-5 to DAS-12 are used with normal symbol rate

NOTE 1: The numbers in brackets indicate the coding rate for transmission using Fast Ack/Nack Reporting, when the

PAN field is present.
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Table 4b: Coding parameters for the EGPRS2-B modulation and coding schemes in the downlink

Scheme Code Header |Modulation|RLC blocks [ Raw Data | Family [BCS| Tail HCS | Data rate
rate (N |Code rate per Radio | within one payload per PDCH
ote 1) Block Radio kb/s

Block

DBS-12 098 [(0.37 32QAM 4 2368 A 4x1 [4X12 8 118.4
(1.00) ?

DBS-11 091 [0.37 4 2176 Ap 108.8
(0.94)

DBS-10 0.72 |0.34 3 1776 A 3x1 [3x12 88.8
(0.75) 2

DBS-9 0.71 |0.34 16QAM 3 1344 B 67.2
(0.74)

DBS-8 0.60 [0.31 2 1184 A 2x1 |2x12 59.2
(0.63) ?

DBS-7 047 |0.31 2 896 B 44.8
(0.49)

DBS-6 0.63 [(0.31 QPSK 1 592 A 1x1 |1x12 29.6
(0.69) 2

DBS-5 0.49 |0.31 1 448 B 22.4
(0.53)

DBS-7 to DBS-12 are used with higher symbol rate

NOTE 1: The numbers in brackets indicate the coding rate for transmission using Fast Ack/Nack Reporting, when the

PAN field is present.

Table 4c: Coding parameters for the EGPRS2-A modulation and coding schemes in the uplink

Scheme Code Header |Modulation|RLC blocks [ Raw Data | Family [BCS| Tail HCS | Data rate
rate |Code rate per Radio | within one payload per PDCH
(Note 1) Block Radio kb/s
Block
UAS-11 0.95 [0.36 16QAM 3 1536 Apadl [3x1 |3x6 8 76.8
0 2
(1.00)
UAS-10 0.84 |0.36 3 1344 B 67.2
(0.88)
UAS-9 0.71 [0.36 2 1184 A 2x1 [2x6 59.2
2
(0.75)
UAS-8 0.62 [0.36 2 1024 Apadl 51.2
0
(0.65)
UAS-7 055 [0.36 2 896 B 44.8
(0.57)
UAS-7 to UAS-11 are used with normal symbol rate
NOTE 1: The numbers in brackets indicate the coding rate for transmission using Fast Ack/Nack Reporting, when the
PAN field is present.
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Table 4d: Coding parameters for the EGPRS2-B modulation and coding schemes in the uplink

Scheme Code Header |Modulation|RLC blocks [ Raw Data | Family [BCS| Tail HCS | Data rate
rate |Code rate per Radio | within one payload per PDCH
(Note 1) Block Radio kb/s
Block
UBS-12 0.96 [0.35 32QAM 4 2368 A 4x1 (4X6 8 118.4
(1.00) ?
UBS-11 0.89 [0.35 4 2176 Ap 108.8
(0.92)
UBS-10 0.71 |0.35 3 1776 a 3x1 |3x6 88.8
(0.74) 2
UBS-9 0.70 [0.32 160Q0AM 3 1344 B 67.2
(0.73)
UBS-8 0.60 [0.33 2 1184 A 2x1 |2x6 59.2
(0.62) 2
UBS-7 0.46 [0.33 2 896 B 44.8
(0.47)
UBS-6 0.62 |0.35 QPSK 1 592 A 1x1 |6 29.6
(0.67) 2
UBS-5 0.47 |0.35 1 448 B 22.4
(0.52)
UBS-5 to UBS-12 are used with higher symbol rate
NOTE 1: The numbers in brackets indicate the coding rate for transmission using Fast Ack/Nack Reporting, when the
PAN field is present.

6.5.5.2 Channel coding for PACCH, PBCCH, PAGCH, PPCH,PNCH and PTCCH

The channel coding for the PACCH, PBCCH, PAGCH, PPCH,PNCH and downlink PTCCH is the same as the coding
scheme CS-1 presented in subclause 6.5.5.1.

The coding scheme used for uplink PTCCH is the same as for PRACH.

For TBFsin RTTI configuration with BTTI USF mode, the channel coding for the downlink PACCH shall be the one
defined for coding scheme MCS-0, see Table 4e.

For TBF in RTTI configuration with RTTI USF mode, the channel coding for downlink PACCH may be the one
defined either for MCS-0 described in Table 4e or for CS-1 described in subclause 6.5.5.1. An MS can know whether
CS-1 or MCS-0is used for downlink PACCH by examining the stealing hits.

Table 4e: Coding parameters for the MCS-0 coding scheme

Scheme Code |Header |Modul|RLC blocks | Raw Data within | Family | BCS | Tail | HCS | Data rate
rate Code | ation | per Radio | one Radio Block (Note | payl kb/s
(Note 2) | rate Block 1) | oad
MCS-0 0.49 0.53 |GMSK 1 176 n/a 18 6 8 17.6

NOTE 1: The BCS is not encoded with the payload but is included in the header.
NOTE 2: A PAN cannot be transmitted with a block encoded using MCS-0.
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