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Intellectual Property Rights

IPRs essential or potentially essentia to the present document may have been declared to ETSI. The information
pertaining to these essential 1PRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which isavailable from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://www.etsi.org/ipr).

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

Foreword
This Technical Specification (TS) has been produced by ETSI Technical Committee Special Mobile Group (SMG).

The present document defines the overall description for lower-layer functions of the General Packet Radio Service
(GPRYS) radio interface (Um) within the digital cellular telecommunications system.

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

Version 6.x.y
where:
6 indicates GSM Phase 2+ Release 1997,

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

y thethird digit isincremented when editorial only changes have been incorporated in the specification.
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1 Scope

The present document provides the overall description for lower-layer functions of the General Packet Radio Service
(GPRS) radio interface (Um).

The overall description provides the following information:
- the services offered to higher-layer functions;
- thedistribution of required functionsinto functional groups;
- adefinition of the capahilities of each functional group;

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

- amodd 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, seefigure 1.

GSM 03.60 describes the overall GPRS logical architecture and the GPRS functional layers above the Radio Link
Control and Medium Access Control layer.

GSM 04.07 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.

GSM 04.08 contains the definition of GPRS RLC/MAC procedures when operating on the Common Control Channel
(CCCH).

GSM 04.60 contains the definition of RLC/MAC functionswhen operating on a Packet Data Channel (PDCH).
GSM 04.64 contains functional procedures for the Logical Link Control (LLC) layer above the RLC/MAC.
GSM 05 series definesthe Physical Link layer and Physical RF layer.

um

MT I Network

Figure 1: Scope of GPRS Logical Radio Interface Architecture
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2 References
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3

3.1

Abbreviations, symbols and definitions

Abbreviations

In addition to abbreviationsin GSM 01.04 and GSM 02.60 the following abbreviations apply:

BCS
BEC
BH
cs
cu

FH
GGSN
LLC
MAC
NCH
NSS
PACCH
PAGCH
PBCCH
PC
PCCCH
PDCH
PDTCH
PDU
PL
PNCH
PPCH
PRACH
PSI
PTCCH
RLC
SGSN
SNDC
TA
TBF
TFI
USF

3.2

Block Check Sequence

Backward Error Correction

Block Header

Coding Scheme

Cdl Update

Frame Header

Gateway GPRS Support Node
Logical Link Control

Medium Access Control

Natification Channd (for PTM-M on CCCH)
Network and Switching Subsystem
Packet Associate Control Channd
Packet Access Grant Channel

Packet Broadcast Control Channel
Power Control

Packet Common Control Channel
Packet Data Channd

Packet Data Traffic Channd

Protocol Data Unit

Physical Link

Packet Natification Channel (for PTM-M on PCCCH)
Packet Paging Channd

Packet Random Access Channd
Packet System Information

Packet Timing Advance Control Channel
Radio Link Control

Serving GPRS Support Node
Subnetwork Dependent Convergence
Timing Advance

Temporary Block Flow

Temporary Frame |dentity

Uplink State Flag

Symbols

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

Gb
Um

3.3

Interface between an SGSN and a BSC.
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.

Definitions

GPRS specific definitions can be found in 02.60 and 03.60.

4

NOTE:

Packet data logical channels

Thetext in this clause isinformative. The normative text isin GSM 05.02. Where thereis a conflict
between these descriptions, the normative text has precedence.
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4.1 General

This clause describes the packet datalogical channelsthat are supported by the radio subsystem. The packet datalogical
channels are mapped onto the physical channd s that are dedicated to packet data.

The physical channd dedicated to packet datatraffic is called a Packet Data Channel (PDCH).

4.2 Packet Common Control Channel (PCCCH)

PCCCH comprises logical channelsfor common control signalling used for packet dataas described in the following
clauses.

42.1 Packet Random Access Channel (PRACH) - uplink only

PRACH isused by MSto initiate uplink transfer for sending data or signalling information. Packet Access burst and
Extended Packet Access burst are used on PRACH [12].

4.2.2 Packet Paging Channel (PPCH) - downlink only

PPCH is used to page an MS prior to downlink packet transfer. PPCH uses 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 MSsin Network operation mode |, see GSM 03.60.

4.2.3 Packet Access Grant Channel (PAGCH) - downlink only

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

4.2.4 Packet Notification Channel (PNCH) - downlink only

PNCH is used to send aPTM-M (Point To Multipoint - Multicast) notification to a group of MSs prior to a PTM-M
packet transfer.

DRX mode shall be provided for monitoring PNCH. Furthermore, a"PTM-M new message" indicator may optionally
be sent on al individua paging channelsto inform MSs interested in PTM-M when they need to listen to PNCH.

The PTM-M service isnot specified in GPRS Phase 1.

4.3 Packet Broadcast Control Channel (PBCCH) - downlink
only

PBCCH broadcasts packet data specific System Information. If PBCCH is not allocated, the packet data specific system
information is broadcast on BCCH.

4.4 Packet Traffic Channels

4.4.1 Packet Data Traffic Channel (PDTCH)

PDTCH isachannd dlocated for datatransfer. It istemporarily dedicated to one MS or to agroup of MSsin the
PTM-M case. In the multislot operation, one MS may use multiple PDTCHs in parald for individua packet transfer.

All packet data traffic channds are uni-directional, either uplink (PDTCH/U), for amobile originated packet transfer or
downlink (PDTCH/D) for amobile terminated packet transfer.
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4.5 Packet Dedicated Control Channels

45.1 Packet Associated Control Channel (PACCH)

PACCH conveys signalling information related to agiven MS. The signalling information includes e.g.

acknowl edgements and power control information. PACCH carries al so resource assignment and reassignment
messages, comprising the assignment of a capacity for PDTCH(s) and for further occurrences of PACCH. The PACCH
sharesresources with PDTCHS, 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.

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

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

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

PTCCHY/D isused to transmit timing advance information updates to several MS. One PTCCH/D is paired with several
PTCCH/U's.

5 Mapping of packet data logical channels onto
physical channels

NOTE: Thetextinthisclauseisinformative. The normative text isin GSM 05.02 [11]. Where thereisa conflict
between these descriptions, the normative text has precedence.

5.1 General

Different packet datalogical channds can occur on the same physical channel (i.e. PDCH). The sharing of the physical
channd is based on blocks of 4 consecutive bursts, except for PTCCH. The mapping in frequency of PDCH on to the
physical channd shall be as defined in GSM 05.02.

On PRACH 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)

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

The PCCCH does not have to be allocated permanently in the cell. Whenever the PCCCH is not all ocated, the CCCH
shall be used to initiate a packet transfer.

One given MS may use only a subset of the PCCCH, the subset being mapped onto one physical channel (i.e. PDCH).
The PCCCH, when it exists:

- ismapped on one or several physical channds 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 [6].

Since phase 1 and phase 2 MS 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.

ETSI
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5.2.1 Packet Random Access Channel (PRACH)

The PRACH is mapped on one or several physical channels. The physical channels on which the PRACH is mapped are
derived by the MS from information broadcast on the PBCCH or BCCH.

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

5.2.2 Packet Paging Channel (PPCH)

The PPCH is mapped on one or several physical channds. The exact mapping on each physical channel follows a
predefined rule (see clause 6.1.2), asit is done for the PCH.

The physical channels on which the PPCH is mapped, as well astherulethat isfollowed on the physical channds, are
derived by the MS from information broadcast on the PBCCH.

5.2.3 Packet Access Grant Channel (PAGCH)

The PAGCH is mapped on one or several physical channes. The exact mapping on each physical channd follows a
predefined rule (see clause 6.1.2).

The physical channels on which the PAGCH is mapped, aswell astherulethat is followed on the physical channels, are
derived by the MS from information broadcast on the PBCCH.

5.2.4 Packet Notification Channel (PNCH)

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

5.3 Packet Broadcast Control Channel (PBCCH)

The PBCCH shall be mapped on one or several physical channels. The exact mapping on each physical channel follows
apredefined rule (see clause 6.1.2), asit isdone for the BCCH.

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

5.4 Packet Timing advance Control Channel (PTCCH)

Two defined frames of multiframe are used to carry PTCCH (see clause 6.1.2). The exact mapping of PTCCH/U sub-
channels and PTCCH/D shdl be as defined in GSM 05.02.

On PTCCH/U, access bursts are used. On PTCCHY/D, four normal bursts comprising aradio block are used.

5.5 Packet Traffic Channels

5.5.1 Packet Data Traffic Channel (PDTCH)
One PDTCH is mapped onto one physical channel.

Up to eight PDTCHs, with different timeslots but with the same frequency parameters, may be allocated to one M S at
the sametime.
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5.5.2 Packet Associated Control Channel (PACCH)

PACCH is dynamically allocated on the block basis on the same physical channd as carrying PDTCHs.However, one
block PACCH allocation isused on the physical channel carrying only PCCCH, when the MSis polled to acknowledge
theinitial assignment message.

PACCH isof abi-directional nature, i.e. it can dynamically be allocated both on the uplink and on the downlink
regardless on whether the corresponding PDTCH assignment is for uplink or downlink.

When PDTCH(s) is assigned on the uplink, the corresponding downlink timed ots have continuously to be monitored by
the MS for possible occurrences of PACCH. The M S can use the uplink assignment for sending PACCH blocks
whenever needed. In case of extended dynamic allocation (see clause 6.6.4.4), if the resource assigned by the network
does not alow the multidot MS (see GSM 05.02, annex B) to monitor the USF on all the assigned PDCHs, the PACCH
blocks shall be mapped on one PDCH in thelist of assigned PDCHs.

When PDTCH(s) is assigned 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 PDCH). The network can use the downlink assignment
for sending PACCH blocks whenever needed.

During an uplink allocation a MS usng afixed allocation (see clause 6.6.4.4) must monitor the assigned PACCH
timeslot during all blocks where the uplink isunassigned a number ofconsecutive timeslots. The number of consecutive
timeslots depends upon the multislot class of the MS. The network shall transmit a PACCH block to aMS using a fixed
allocation only during the same size timeslot gap in the uplink alocation on the PACCH.

During adownlink transmission the network shall not send downlink datato a MS during uplink PACCH timeslots or
in anumber of timeslot preceding and following the uplink PACCH block. The number of timeslot preceding and
following the uplink PACCH timed ots depends upon the multid ot class of the half duplex MS.

5.6 Downlink resource sharing

Different packet datalogical channds can be multiplexed on the downlink on the same physical channd (i.e. PDCH).
See detailsin GSM 05.02. The type of message which isindicated in theradio block header allows differentiation
between thelogical channels. Additionally, the MS identity allows differentiation between PDTCHs and PACCHs
assigned to different MSs.

5.7 Uplink resource sharing

Different packet datalogical channds can be multiplexed on the uplink of the same physical channd (i.e. PDCH). See
detailsin GSM 05.02. The type of message which isindicated in theradio block header, alows differentiation between
thelogical channels. Additionally, the MS identity allows differentiation between PDTCHs and PACCHSs assigned to
different MSs.

6 Radio Interface (Um)

Thelogical architecture of the GPRS Um interface can be described using areference model consisting of functional
layers as shown in figure 3. Layering provides a mechanism for partitioning communications functions into manageable
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.
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6.1 Radio Resource management principles

6.1.1 Allocation of resources for the GPRS

A cdll supporting GPRS may allocate resources on one or several physical channdsin 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
channdsavailablein 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 theinitial phase of the packet transfer is conveyed on PCCCH, when
allocated, or on CCCH. This allows the operator to have capacity allocated specifically to GPRS in the cell only when a
packet isto be transferred.

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 exigting

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

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 asthe "capacity on demand" principle. The operator can, as
wdll, decide to dedicate permanently or temporarily some physical resources (i.e. PDCHSs) 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 alocate more physical channels as PDCHs.

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

In response to a Packet Channd Reguest sent on CCCH from the M S that wants to transmit GPRS packets, the network
can assign resources on PDCH(s) for the uplink transfer.. After the transfer, the MS returnsto CCCH [6].

When PCCCH is alocated in a cell, all GPRS attached M Ss camp on it. PCCCH can be allocated either astheresult 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
inadequate, it is possible to allocate additional PCCCH resources on one or several PDCHs. If the network rel eases the
last PCCCH, the MS performs cell re-selection.

6.1.1.3 Procedures to support capacity on demand

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

- Load supervision:

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

- Dynamic alocation of PDCHs:
Unused channd s 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.
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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 theassignmentsto ter minate on that PDCH
- Individually notify all the user sthat 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 natifications on PACCH(s) individually to each affected MS.

- Broadcast the notification about de-allocation

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

In practice, a combination of all the methods can be used.

There may occur the case where an MSremains unaware of thereleased PDCH. In that case, such MS may cause some
interference when wrongly assuming that the decoded Uplink State Flag (see Clause 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 [7].

6.1.2 Multiframe structure for PDCH

NOTE: Thetextinthisclauseisinformative. The normativetext isin GSM 05.02. Where thereis a conflict
between these descriptions, the normative text has precedence.

The mapping in time of the logical channdsis defined by a multiframe structure. The multiframe structure for PDCH
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

& >

hl v
1 O e e e s e v e v s v v v e e e T v s e o A

| BO | B1 I B2 |T| B3 | B4 | B5 |x| B6 | B7 | B8 |T| B9 | B10 | B11 |x|
X= Idle frame.
T= Frame used for PTCCH.

BO - B11 = Radio blocks

Figure 2: Multiframe structure for PDCH

The mapping of logical channels onto theradio blocks is defined in the rest of this clause by means of the ordered list of
blocks (BO, B6, B3, B9, B1, B7, B4, B10, B2, Bg, B5, B11).

One PDCH that contains PCCCH (if any) isindicated on BCCH. That PDCH is the only one that contains PBCCH
blocks. On the downlink of this PDCH, thefirst block (BO) in the ordered list of blocks is 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 blocks in 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 thedownlink. In all cases, the actual usage of the blocks is indicated by the
message type. On an uplink PDCH that contains PCCCH, &l 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
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.
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On aPDCH that does not contain PCCCH, all blocks can be used as PDTCH or PACCH. The actua usage isindicated
by the message type.

Two frames are used for PTCCH (see GSM 05.02) and the two idle frames as well asthe PTCCH frames can be used
by the MS for signal measurements and BSIC identification.

6.1.3 Scheduling of PBCCH information

An MS attached to GPRS shall not be required to monitor BCCH if a PBCCH exists. All system information rel evant
for GPRS and some information relevant for circuit switched services (e.g. the access classes) shall in this case be
broadcast on PBCCH.

In order to facilitate the MS operation, the network isrequired to transmit certain types of Packet System Information
(PSI) messages in specific multiframes and specific PBCCH blocks within the multiframes. The exact schedulingisin
GSM 05.02.

When no PCCCH is dlocated, the MS camps on CCCH and receives all system information on BCCH. Any necessary
GPRS specific system information shall in that case be broadcast on BCCH.

6.1.4 SMS cell broadcast

An MS attached to GPRS shall not be required to monitor the CBCH channel if aPCCCH exists. [EDITOR'S NOTE:
Serviceisnot specified]

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 GSM 04.07.

6.2.1 Packet idle mode

In packet idle mode no Temporary Block Flow (see clause 6.6.4.2) exists. Upper layers can require the transfer of a
LLC PDU which, implicitly, may trigger the establishment of TBF and trangtion to packet transfer mode.

In packet idle mode, the MSlisensto the PBCCH and to the paging sub-channd for the paging group the MS belongs
toinidlemode. If PCCCH isnot present in the cell, the mobile station listensto the BCCH and to the rd evant paging
sub-channels.

While operating in packet idle mode, amobile station belonging to GPRS M S class A may simultaneously enter the
different RR service modes defined in GSM 04.08. A mobile station belonging to either of GPRSMS classB 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

In packet transfer mode, the maobile station is allocated radio resource providing a Temporary Block Flow on one or
more physical channels. Continuous transfer of one or more LLC PDUs s possible. Concurrent TBFs may be
established in opposite directions. Transfer of LLC PDUs in RLC acknowledged or RLC unacknowledged modeis
provided.

When selecting anew cell, mobile station |eaves the packet transfer mode, enters the packet idle mode whereit switches
to the new cédll, read 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 MS class A may simultaneously enter the
different RR service modes defined in GSM 04.08. A mobile station belonging to either of GPRSMS classB or C
leaves both packet idle mode and packet transfer modes before entering dedicated mode, group receive mode or group
transmit mode.
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6.2.3 Correspondence between Radio Resource operating modes and
Mobility Management States

The Mobility Management states are defined in GSM 03.60. Table 1 provides the correspondence between Radio
Resource states and Mobility Management states:

Table 1: Correspondence between RR operating modes and MM states

Radio Resource BSS Packet Measurement No state
transfer mode report No state
reception
Radio Resource MS Packet Packet idle mode Packet idle mode
transfer mode
Mobility Management Ready Standby
NSS and MS

Each gateis protected by atimer. The timersrun in the MS and the network.

Packet transfer mode is guarded by RLC protocol timers.

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 3. The various layers are briefly described in the following clauses.

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

- Physical RF layer performsthe modulation of the physical waveforms based on the sequence of bits received
from the Physical Link layer. The Physical RF layer aso 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 aphysical channd 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 data link layer is defined by following functions:

- TheRLC/MAC layer provides services for information transfer over the physical layer of the GPRSradio
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 GSM 03.60 [2] and defined in GSM 04.64 [12]) uses the services of the RLC/MAC layer
on the Um interface.

SNDCP SNDCP
LC LC Scope of GSM 03.60
' (Note)
---------- RLC RLC
"""""""" : T Scope of GSM 03.64
MAC : MAC
, : , Note: In the network the LLC is
e e " PYEENY split between BSS and SGSN.
Phys. RF : Phys. RF
MS Um Network

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

The GSM Physical RF layer isdefined in GSM 05 series recommendations, which specify among other things
- the carrier frequencies characteristics and GSM radio channd structures (GSM 05.02 [4]);
- the modulation of the transmitted wave forms and the raw datarates of GSM channels (GSM 05.04 [6]); and

- thetransmitter and receiver characteristics and performance requirements (GSM 05.05 [7]).

6.5 Physical Link Layer

The Physical Link layer operates above the physical RF layer to provide a physical channd 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 MSs 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 GSM 05.08 [8]. Network controlled handovers are not used in the GPRS service. M S performed
cell-resdlection is used, see clause 6.5.6.

6.5.2 Layer Functions

The Physical Link layer isresponsible for:

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

- Rectangular interleaving of one Radio Block over four burstsin consecutive TDMA frames, as specified in
GSM 05.03 [5].

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

- Synchronisation procedures, including means for determining and adjusting the MS Timing Advance to correct
for variances in propagation delay, GSM 05.10 [9];

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

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

6.5.3 Service Primitives

Table 2 ligts the service primitives provided by the Physical Link layer to RLC/MAC layer. More detailed description is
given in GSM 04.04.
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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

Different Radio Block structures for data transfer and control message transfer purposes are defined. Radio Block
consists of MAC Header, RLC DataBlock or RLC/MAC Control Block. It isalways carried by four normal bursts. For
detailed definition of radio block structure, see GSM 04.60.

Radio Block
MAC header RLC header RLC data
RLC data block (part of physical link
Radio Block
MAC header RLC/MAC Control Message
RLC/MAC control block (part of physical link

Figure 4: Radio Block structures

MAC header contains control fields which are different for uplink and downlink directions. MAC header is constant
length, 8 hits.

RLC header contains control fieldswhich are different for uplink and downlink directions. RLC header isvariable
length.

RLC datafield contains octets from one or more LLC PDUSs.
Block Check Sequence (BCS) isused for error detection.

RLC/MAC Control message field contains one RLC/MAC control message.
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6.5.5 Channel Coding

NOTE: Thetextinthisclauseisinformative. The normative text isin GSM 05.03 [5]. Where thereisa conflict
between these descriptions, the normative text has precedence.

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

All coding schemes are mandatory for MSs. Only CS-1 is mandatory for the network.

6.5.5.1 Channel coding for PDTCH

Four different coding schemes, CS-1 to CS-4, are defined for the Radio Blocks carrying RLC data blocks. The block
structures of the coding schemes are shown figure 5 and figure 6.

Radio Block

'S
v

USF BCS

< rate 1/2 convolutional coding

v

v

A

puncturing

v

456 bits

A

Figure 5: Radio Block structure for CS-1to CS-3

. Radio Block R
USF BCS
block]| : >
code | ¢ no coding

< 456 bits »

Figure 6: Radio Block structure for CS-4

Thefirst 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 bitsand ahalf rate
convolutional coding for error correction that is punctured to give the desired coding rate.

For CS-4 thereisno coding for error correction.

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 convol utional coding);
- the number of punctured bits;

- thedatarate, including the RLC header and RLC information.
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Table 3: Coding parameters for the coding schemes

Scheme | Code rate | USF |Pre-coded| Radio BCS | Tail | Coded |Punctured | Data rate

USF Block bits bits kb/s

excl. USF

and BCS
CS-1 1/2 3 3 181 40 4 456 0 9.05
CSs-2 =2/3 3 6 268 16 4 588 132 13.4
CS-3 =3/4 3 6 312 16 4 676 220 15.6
CS-4 1 3 12 428 16 - 456 - 21.4

CS-1 isthe same coding scheme as specified for SACCH in GSM 05.03 [12]. It consists of a half rate convolutional
code for FEC and a40 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 hasno FEC.

CS-2 to CS4 usethe same 16 bit CRC for BCS. The CRC is calculated over the whole uncoded RLC Data Block
including MAC Header.

The USF has 8 states, which are represented by a binary 3 bit field in the MAC Header.
For CS-1, the whole Radio Block is convolutionaly 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 GSM 05.03) of the block are used to indicate the actual
coding scheme.
6.5.5.2 Channel coding for PACCH, PBCCH, PAGCH, PPCH,PNCH and PTCCH

The channd coding for the PACCH, PBCCH, PAGCH, PPCH,PNCH and downlink PTCCH isthe same as the coding
scheme CS-1 presented in clause 6.5.5.1.

The coding scheme used for uplink PTCCH isthe same asfor PRACH.

6.5.5.3 Channel Coding for the PRACH

Two types of packet access burst may be transmitted on the PRACH: an 8 information bits access burst or an 11
information bits access burst called the extended packet access burst. The mobile shall support both access bursts. The
channd coding for both burst formatsisindicated in the following clauses.

6.5.5.3.1 Coding of the 8 data bit Packet Access Burst

The channd coding used for the burst carrying the 8 data bit packet access uplink messageisidentical to the coding of
the access burst as defined for random access channel in GSM 05.03.

6.5.5.3.2 Coding of the 11 data bit Packet Access Burst

The channd coding for 11 bit access burst isthe punctured version of the same coding as used for 8 bit access burst.

6.5.6

NOTE:

Cell Re-selection

Thetext in this clause isinformative. The normative text isin GSM 03.22 and GSM 05.08. Where thereis
a conflict between these descriptions, the normative text has precedence.

In GPRS Packet Idle and Packet Transfer modes, cell re-selection is performed by the MS, except for aclass A MS (see
GSM 02.60) whilein dedicated mode in which case the cell is determined by the network according to the handover
procedures.
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The new cell re-selection criteria C31 and C32 are provided as a complement to the current GSM cell re-selection
criteria. This provides amore general tool to make cell planning for GPRS as similar to existing planning in GSM as
possible.C3lisasigna strength criterion used to decide whether prioritised cell re-selection shall be used. For cells that
fulfil the C31 criterion, the cell with highest priority class shall be selected. If more than one cell has the highest
priority, the one of those with the highest C32 value shall be selected. If no cell fulfilsthe C31 criterion, the one among
all cdlswith the highest C32 value shall be sl ected.

C32isanimprovement of C2. It applies an individual offset and hysteresis valueto each pair of cells, aswell asthe
same temporary offsets as for C2. Additional hysteresis values apply for acell re-selection that requires cell or routing
area update.

Cdl re-sdlection procedure apply to the M Ss attached to GPRS if a PBCCH existsin the serving cell. I1f the PBCCH is
not allocated, then the M S shall perform cell re-sel ection according to the C2 criteria.

In addition, the network may control the cell re-selection as described in clause 6.5.6.3.

6.5.6.1 Measurements for Cell Re-selection

The MS shall measure thereceived RF signal strength on the BCCH frequencies of the serving cell and the neighbour
cellsasindicated in the BA-GPRS list, and calculate the received level average (RLA) for each frequency, as specified
in GSM 05.08. In addition the MS shall verify the BSIC of the cells. Only channds with the same BSIC as broadcast
together with BA-GPRS on PBCCH shall be considered for re-selection.

When the number of downlink PDCHs assigned to certain types of multidot MS (see GSM 05.02, annex B) does not
allow them to perform measurements within the TDMA frame, the network shall provide measurement windows to
ensure that the M S can perform arequired number of measurements. The network shall provide periods of inactivity
during afixed alocation to allow the M S to make adjacent cell power measurements and BSIC detection.

6.5.6.2 Broadcast Information

The PBCCH broadcasts GPRS specific cdll re-selection parametersfor serving and neighbour cells, including the BA
(GPRS) list. A BA (GPRS) identifies the neighbour cells, induding BSIC, that shall be considered for GPRS cdll (re-
selection (not necessary the same asfor GSM in Idle or circuit switched mode)).

6.5.6.3 Optional measurement reports and network controlled cell re-selection

It shall be possible for the network to order the mobile stations to send measurement reports to the network and to
suspend itsnormal cell re-selection, and instead to accept decisions from the network. This applies to both Packet idle
mode and Packet transfer mode.

The degree to which the mobile station shall resign its radio network control shall be variable, and be ordered in detail
by the parameter NETWORK_CONTROL_ORDER [15].

Two sets of parameters are broadcast on PBCCH and are valid in Packet transfer and Packet idle modes respectively.
NETWORK_CONTROL_ORDER can also be sent individually to an MS on PACCH, in which case it overrides the
broadcast parameter.

Additionally, the network may request extended measurement reports from the MS and the reporting shal be
maintained in packet idle mode. The reports may include interference measurements (see clause 6.5.8.3.2).
Measurement reports shall be sent individually from each MS as RLC transmissions. Situations may appear where the
network controlled cell re-selection procedures (NC1 or NC2 modes of operation) should not be used:

- when aclass A mobile station is smultaneously involved in a circuit switched service and in a GPRS transfer. In
this case, handover for the circuit switched service has precedence over GPRS network controlled cell re-
selection;

- when an MSisperforming Anonymous Access, cell re-selection implying a change of Routeing Arearesultsin
the MSreturning to the GPRS MM IDLE sate, see GSM 03.60 [3]. Therefore, there might be cases where the
network controlled cell re-selection would result in the Anonymous Access failing.

In that case, the MS shall stop sending measurement reports and ignore cell change orders.
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6.5.7 Timing Advance

NOTE: Thetextinthisclauseisinformative. The normative text isin GSM 04.60 and GSM 05.10. Wherethereis
aconflict between these descriptions, the normative text has precedence.

The timing advance procedure is used to derive the correct value for timing advance that the MS hasto use for the
uplink transmission of radio blocks.

The timing advance procedure comprises two parts:
- initia timing advance estimation;

- continuous timing advance update.

6.5.7.1 Initial timing advance estimation

Theinitia timing advance estimation is based on the single access burst carrying the Packet Channel Request. The
Packet Uplink Assignment or Packet Downlink Assignment then carries the estimated timing advance value to the M S,
Thisvalue shdl be used by the MS for the uplink transmissions until the continuous timing advance update provides a
new value (see clause 6.5.7.2.). Two special cases exist:

- when Packet Queuing Notification is used theinitial estimated timing advance may become too old to be sent in
the Packet Downlink (/Uplink) Assignment;

- when Packet Downlink (/Uplink) Assignment isto be sent without prior paging (i.e., in the Ready state), no valid
timing advance value may be available.

Then the network has three options:

- Packet Polling Request can then be used to trigger the transmission of Packet Control Acknowledgement. This
message can be formatted as four access burst from which the timing advance can be estimated;

- Packet Downlink (/Uplink) Assignment can be sent without timing advance information. In that caseitis
indicated to the MSthat it can only start the uplink transmission after the timing advance is obtained by the
continuous timing advance update procedure;

- Thepoall bit in the Packet Downlink (/Uplink) Assignment message can be set to trigger the transmission of
Packet Control Acknowledgement. This can be used if System information indicates that acknowledgement is
access bursts.

For the case where timing advance information isnot provided in the assignment message, the mobile is not allowed to
send normal bursts on the uplink until it receives avalid timing advance either in Packet Timing Advance/Power
Control message or through the continuous timing advance procedure.

6.5.7.2 Continuous timing advance update

MS in Packet transfer mode shall use the continuous timing advance update procedure. The continuous timing advance
update procedure is carried on the PTCCH allocated to the MS.

For uplink packet transfer, within the Packet Uplink Assignment, the MS is assigned Timing Advance Index (TAI) and
the PTCCH.

For downlink packet transfer, within the Packet Downlink Assignment, the MSisassigned Timing Advance Index
(TAI) and the PTCCH.

The TAI specifies the PTCCH sub-channd used by the MS.

On the uplink, the MS shall send in the assigned PTCCH access burst, which is used by the network to derive the timing
advance.

The network analyses the received access burst and determines new timing advance values for all MSs performing the
continuous timing advance update procedure on that PDCH. The new timing advance values shall be sent viaa
downlink signalling message (TA-message) on PTCCH/D. Network can send timing advance information also in Packet
Timing Advance/Power Control and Packet Uplink Ack/Nack messages on PACCH.
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6.5.7.2.1 Mapping on the multiframe structure
Figure 7 shows the mapping of the uplink access bursts and downlink TA-messages on groups of eight 52-multiframes:

the TAI value shows the position where adot isreserved for a M S to send an access burst (e.g. T1 means 52-
multiframe number n and idle dot number 2). TAI value defines the used PTCCH sub-channdl;

every second PDCH multiframe starts a downlink TA-message.

52-multiframe number n:

uplink TAI=0 TAI=1
| BO | B1 | B2 |o| B3 | B4 | B5S |1| B6 | B7 | B8 |2| B9 | B10 | B11 | 3|
downlink TA_message 1 TA message 1

52-multiframe number n + 1:

uplink TAI=2 TAI=3
[ Bo | B | B2 |4f B3 | B4 | B5 |5| B | 87 | B8 |6 Bo | B10 | B1L | 7 |
downlink TA message 1 TA message 1

52-multiframe number n + 2:

uplink TAI=4 TAI=5
[ Bo | B2 | B2 |8 83 | B4 | B5 |o| B | 87 | B8 Jaof Bo | B10 | B11 |11
downlink TA message 2 TA message 2

52-multiframe number n + 3:

uplink TAI=6 TAI=7
[ Bo | B | B2 |12 B3 | B4 | B5 [13] B | B7 | B8 24| BO | B10 | B11 |15
downlink TA message 2 TA message 2

52-multiframe number n + 4:

uplink TAI=8 TAI=9
[ Bo | B2 | B2 |ie|] 83 | B4 | B5 [17] B6 | B7 | B8 |18 Bo | B10 | B11 [ 19|
downlink TA message 3 TA message 3

52-multiframe number n + 5:

uplink TAI=10 TAI=11
| BO | B1 | B2 |2o| B3 | B4 | B5 |21| B6 | B7 | B8 |22| B9 | B10 | B11 |23|
downlink TA message 3 TA message 3

52-multiframe number n + 6:

uplink TAI=12 TAI=13
| BO | B1 | B2 |24| B3 | B4 | B5 |25| B6 | B7 | B8 |26| B9 | B10 | B11 |27|
downlink TA message 4 TA message 4
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52-multiframe number n + 7:

uplink TAI=14 TAI=15
| BO | B1 | B2 |28| B3 | B4 | B5 |29| B6 | B7 | B8 |3o| B9 | B10 | B11 |31|
downlink TA message 4 TA message 4

BO - B11 = Radio blocks
Idle frames are numbered from 1 to 31 [odd humbers]
PTCCH frames are numbered from 0 to 30 [even numbers]

Figure 7: Mapping of the uplink access bursts and downlink timing advance signalling messages

The BTS shall update the timing advance valuesin the next TA-message following the access burst. To illustrate this,
an MSthat transmits an access burst in frames numbered 0O, 2, 4, or 6 receives its updated timing advance value in TA
message 2. This M S can also find this updated timing advance value in subsequent TA messages 3, 4, and 1, but only
hasto read these if TA message 2 was not received correctly.

An MS entering the Transfer state shall ignore the TA-messages until the MS has sent its first access burst. Thisisto
avoid the use of timing advance values, derived from access bursts sent by the MS that previoudly used the same TAI.
6.5.8 Power control procedure

Power control shall be supported in order to improve the spectrum efficiency and to reduce the power consumption in
the MS.

For the uplink, the MS shall follow aflexible power control algorithm, which the network can optimise through a set of
parameters. It can be used for both open loop and closed |oop power contral.

For the downlink, the power control is performed in the BTS. Therefore, thereis no need to specify the actual
algorithms, but information about the downlink performanceis needed. Therefore the M Ss have to transfer Channel
Quality Reports to the BT S.Power control isnot applicable to point-to-multipoint multicast services.

For the detail ed specification of power control see GSM 05.08.

6.5.8.1 MS output power
The MS shall calculate the RF output power value, Pcy to be used on each individual uplink PDCH assigned to the MS:

Py = mln((ro -lTch-a* (C + 48), PMAX)

where:

McH isan MS and channel specific power control parameter. It issent to the MSin any resource
assigning message. Further, the network can, at any time during a packet transfer, send new Iy
values to the MS on the downlink PACCH.

Mo is afrequency band dependent constant.

all 0,1] isasystem parameter. Its default value is broadcast on the PBCCH. Further, MS and channd
specific values can be sent to the M S together with I cy,.

C isthereceived signal level at the MS.

PMAX is the maximum allowed output power in the cell.

All power values are expressed in dBm.

Pcy isnot used to determine the output power when accessing the cell on PRACH or RACH , in which case PMAX
shall be used.
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6.5.8.2 BTS output power

The BTS shall use constant power on those PDCH radio blocks which contain PBCCH or which may contain PPCH.
This power may be lower than the output power used on BCCH. The difference shall be broadcast on PBCCH.

On the other PDCH radio blocks, downlink power control may be used. Thus, a procedure may be implemented in the
network to control the power of the downlink transmission based on the Channdl Quality Reports.

The network shall ensure that the output power is sufficient for the MS for which the RLC block isintended aswell as
the MS(s) for which the USF is intended, and that for each MS in packet transfer mode, at least one downlink RLC
block per multiframe is transmitted with an output power that is sufficient for that MS, on a block monitored by that
MS.

6.5.8.3 Measurements at MS side

A procedure shall beimplemented in the MS to monitor periodically the downlink Rx signal level and quality from its
serving cell.

6.5.8.3.1 Deriving the C value

This clause comprises information about how the MS shall derive the C value in the power control equation.

The MS shall periodically measure the received signal strength.

In packet idle mode, the MS shall measure the signal strength of the PCCCH or, if PCCCH isnot existing, the BCCH.

In packet transfer mode, the MS shall measure the signa strength on BCCH. The same measurements as for cell re-
selection are used (see clause 6.5.6.1). Alternatively, if indicated by a broadcast parameter, the M S shall measure the
signal strength on one of the PDCHs where the M S receives PACCH. Thismethod is suitable in the case where BCCH
isin another frequency band than the used PDCHs. It requires that congtant output power isused on al downlink PDCH
blocks.

The MS shall measure the signal strength of each radio block monitored by the MS. The C valueis achieved by filtering
the signal strength with arunning average filter. The filtering shall normally be continuous between the packet modes.
The different filter parameters for the packet modes are broadcast on PBCCH or, if PBCCH does not exist, on BCCH.

The variance of thereceived signal level within each block shall also be calculated. The filtered value SIGN_VAR shall
be included in the channd quality report.

An MS transferring a packet in the uplink with fixed assignment is not required to make signal strength measurements
and shall thus update P only when it receives new Iy values.

6.5.8.3.2 Derivation of Channel Quality Report

The channd quality is measured asthe interference signal level during the idle frames of the multiframe, when the
serving cell isnot transmitting.

In packet transfer mode, the MS shall measure the interference signal strength of all eight channes (dots) on the same
carrier asthe assigned PDCHSs.

In packet idle mode, the M S shall measure the interference signal strength on certain channels which are indicated on
the PBCCH or, if PBCCH does not exist, on BCCH. If no channels are indicated the MS shall not perform these
measurements.

Some of theidle frames and PTCCH frames shall be used for this, while the others are required for BSIC identification
and the timing advance procedure, see clause 6.5.9.

The MS may not be capable of measuring all eight channes when all ocated some configurations of channds. The MS
shall measure as many channels asits allocation alows considering its multidot capability.

The dots that the MS measures on can be either idle or used by SACCH or PTCCH, depending on the channdl type
(TCH or PDCH).. The MS shall therefore, for each dlat, take the minimum signal strength of oneidle frame and one
PTCCH frame. Thusthe SACCH frames are avoided (except for a TCH/H with two MSs) and only the interferenceis
measured.
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Theinterference, ycn , is achieved by filtering the measured interference in arunning average filter. Thefiltering shall
be continuous between the packet modes for channd's measured in both modes. The different filter parameters for the
packet modes are broadcast on PBCCH or, if PBCCH does not exist, on BCCH.

In packet transfer mode the M S shall transfer the 8 ycy values and the RXQUAL, SIGN_VAR and C values (see
clause 6.5.8.3.1) to the network in the Channel Quality Report included in the PACKET DOWNLINK ACK/NACK

message.
6.5.8.4 Measurements at BSS side

A procedure shall beimplemented in the BSS to monitor the uplink Rx signal level and quality on each uplink PDCH,
active aswdl asinactive.

The BSS shall also measure the Rx signa level and the quality of a specific MS packet transfer.

6.5.9 Scheduling the MS activities during the PTCCH and idle frames
The MS shall usethe PTCCH and idle frames of the PDCH multiframe for the following tasks:

- BSICidentification for cell re-selection (clause 6.5.6.1);

- Continuous timing advance procedures (clause 6.5.7.2);

- Interference measurements for power control (clause 6.5.8.3.2).
It is not necessary to exactly specify the scheduling of these tasks.

The PTCCH frames used for timing advance signalling is stated in clause 6.5.7.2.1. During the frames when the MS
receives TA-messages it can also make interference measurements. During the frames when the M S transmits access
bursts it may also be possible to make measurements on some channels.

The MS shall schedule the BSIC identification as efficiently as possible, using the remaining PTCCH frames and the
idle frames and & so considering the requirements for interference measurements. When the MSis synchronised to a
BTS, it knows the timing of the SCH. Therefore, only afew certain frames arerequired for BSIC identification. In those
frames it may also be possible to make measurements on some channels. When the MS shall synchroniseto anew BTS,
it hasto prioritise that task. It may then use half of the PTCCH and idle frames, i.e. the same amount as available for
circuit switched connections.

The remaining PTCCH and idle frames shall be used for interference measurements.

6.5.10 Discontinuous Reception (DRX)

NOTE: Thetextinthisclauseisinformative. The normativetext isin GSM 05.02. Where thereis a conflict
between these descriptions, the normative text has precedence.

DRX (dlegp mode) shall be supported when the MSisin Packet Idle mode. DRX isindependent from MM states Ready
and Standby.

Negotiation of DRX parametersis per MS. An MS may choose to use DRX or not together with some operating
parameters. The following parameters are established:

- DRX/non-DRX indicator: It indicates whether the MS uses DRX or not.

- DRX period: A conditional parameter for MSs using DRX to determine the right paging group. The DRX
period is defined by the parameter SPLIT_PG_CYCLE.

- Non-DRX timer: A conditional parameter for MSs using DRX to determine the time period within which the
non-DRX mode is kept after leaving the Transfer state. The support for this feature is optional on the network
side and the information about the maximum supported value for the timer in the cell is broadcast on PBCCH.

An MSin DRX modeisonly required to monitor theradio blocks defined by its paging group as defined in
GSM 05.02.
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Paging group definition based on SPLIT_PG_CYCLE is optional on CCCH for both BTS and MS. If not supported, the
definition based on BS PA_ MFRMS shall be used. The parameters used to define the paging group for GPRS are
shown in the Table 4, together with the corresponding GSM parameters. BS PCC_CHANS isthe number of PDCHs
containing PCCCH.

An MSin non-DRX mode isrequired to monitor al theradio blocks where PCCCH may be mapped on the PDCH
defined by its paging group.

When page for circuit-switched servicesis conveyed on PPCH, it follows the same scheduling principles as the page for
packet data. The sameisvalid for scheduling of resource assignments for downlink packet transfers for MSsin Ready
State (i.e. where no paging is performed).

The MS may need to monitor aso PNCH in the case of PTM-M services.
NOTE: Paging reorganisation may be supported in the same way as for circuit switched GSM.

Table 4: Parameters for DRX operation

Parameter GPRS Corresponding
GSM parameters
PCCCH CCCH CCCH
DRX period SPLIT_PG_CYCLE BS_PA_MFRMS (note 1) BS_PA_MFRMS
SPLIT_PG_CYCLE (note 2)
Blocks not available for PPCH | BS_PAG_BLKS_RES + BS_AG_BLKS_RES BS_AG_BLKS_RES
per multiframe BS_PBCCH_BLKS
Number of physical channels BS_PCC_CHANS BS_CC_CHANS BS_CC_CHANS
containing paging
NOTE 1: Only when DRX period split is not supported.
NOTE 2: Only when DRX period split is supported.

6.6 Medium Access Control and Radio Link Control Layer

The Medium Access Control (MAC) and Radio Link Control (RLC) layer operates above the Physical Link layer in the
reference architecture. MAC/RLC layer messages and signalling procedures are defined in GSM 04.60 and GSM 04.08.

6.6.1 Layer Services

The MAC function defines the procedures that enable multiple M Ss to share a common transmission medium, which
may consist of several physical channels. The MAC function provides arbitration between multiple M Ss attempting to
transmit simultaneously and provides collision avoidance, detection and recovery procedures. The operations of the
MAC function may allow a single MSto use several physical channelsin paralel.

The RLC function defines the procedures for a bitmap sdlective retransmission of unsuccessfully delivered RLC Data
Blocks.

The RCL/MAC function provides two modes of operation:
- unacknowledged operation; and

- acknowledged operation.

6.6.2 Layer Functions
The GPRS MAC function isresponsblefor:

- Providing efficient multiplexing of data and control signalling on both uplink and downlink, the control of which
resides on the Network side. On the downlink, multiplexing is controlled by a scheduling mechanism. On the
uplink, multiplexing is controlled by medium allocation to individual users (e.g., in response to service request).

- For mohile originated channd access, contention resol ution between channed access attempts, including collision
detection and recovery.
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- For mobile terminated channd access, scheduling of access attempts, including queuing of packet accesses.
- Priority handling.
The GPRS RLC function isresponsible for:

- Interface primitives allowing the transfer of Logical Link Control layer PDUs (LLC-PDU) between the LLC
layer and the MAC function.

- Segmentation and re-assembly of LLC-PDUs into RLC Data Blocks.
- Backward Error Correction (BEC) procedures enabling the sdl ective retransmission of uncorrectable code words.

NOTE: TheBlock Check Sequence for error detection is provided by the Physical Link Layer.

6.6.3 Service Primitives

Table 5 ligs the service primitives provided by the RLC/MAC layer to the upper layers:

Table 5: Service primitives provided by the RLC/MAC layer to the upper layers

Name request | indication | response | confirm comments
RLC/MAC-DATA X X used for the transfer of upper layer PDUs.
Acknowledged mode of operation in RLC is
used. The upper layer shall be able to
request high transmission quality via a
primitive parameter.

RLC/MAC- X X used for the transfer of upper layer PDUs.

UNITDATA Unacknowledged mode of operation in
RLC is used.

RLC/MAC-STATUS X used to indicate that an error has occurred

on the radio interface. The cause for the
failure is indicated.

6.6.4 Model of Operation

Each PDCH is a shared medium between multiple M Ss and the Network. Direct communication is possible only
between an M S and the network.

The GPRS radio interface consists of asymmetric and independent uplink and downlink channels. The downlink carries
transmissions from the network to multiple M Ss and does not require contention arbitration. The uplink is shared
among multiple M Ss and requires contention control procedures.

The dlocation of radio resources by the PLMN and the use of these resources by the M Ss can be broken down into two
parts:

- ThePLMN dllocates radio resources for the GPRS (uplink and downlink) in a symmetric manner.

- Theallocated uplink and downlink radio resources for point-to-point, point-to-multipoint multicast or group call
service types are used independently of each other. Dependent allocation of uplink and downlink shall be
possible, in order to allow simple MSsto transfer data simultaneoudy in both directions. Allocation of several
PDTCHsfor one MSispossible.

The access to the GPRS uplink uses a Sotted-Aloha based reservation protocol.

The Network Protocol Data Units (N-PDU) are segmented into the Subnetwork Protocol Data Units (SN-PDU) by the
Subnetwork Dependent Convergence (SNDC) protocol and SN-PDUs are encapsul ated into one or several LLC frames.
See GSM 03.60 [3] for information on SNDC and LLC. Thedetailson SNDC can be found in GSM 04.65 [9] and the
detailson LLC can be found in GSM 04.64 [8]. LLC frames are segmented into RLC Data Blocks. At the RLC/MAC
layer, a sdlective ARQ protocal (including block numbering) between the MS and the Network provides retransmission
of erroneous RLC Data Blocks. When a complete LLC frame is successfully transferred across the RLC layer, itis
forwarded to the LLC layer.
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Figure 8: Transmission and reception data flow

6.6.4.1 Uplink State Flag

The Uplink State Flag (USF) is used on PDCH to allow multiplexing of Radio blocks from anumber of MSs. USF is
used in dynamic and extended dynamic medium access modes. USF is used only in downlink direction.

The USF comprises 3 bits at the beginning of each Radio Block that is sent on the downlink. It enables the coding of
8 different USF states which are used to multiplex the uplink traffic.

On PCCCH, one USF value is used to denote PRACH. The other USF values are used to reserve the uplink for different
MSs. On PDCHs not carrying PCCCH, the eight USF values are used to reserve the uplink for different MSs. One USF
value shall be used to prevent collision on uplink channel, when M S without USF is using uplink channel. The USF
points either to the next uplink Radio Block or the sequence of 4 uplink Radio Blocks starting with the next uplink
Radio Block.

6.6.4.2 Temporary Block Flow

A Temporary Block Flow (TBF) isaphysical connection used by the two RR entities to support the unidirectional
transfer of LLC PDUs on packet data physical channels. The TBF is allocated radio resource on one or more PDCHs
and comprise a number of RLC/MAC blocks carrying one or more LLC PDUs. A TBF istemporary and is maintained
only for the duration of the data transfer.

6.6.4.3 Temporary Flow Identity

Each TBF isassigned a Temporary Flow Identity (THl) by the network. The assigned TFI is unique among concurrent
TBFsin each directions and is used instead of the MS identity in the RLC/MAC layer. The same TFl value may be
used concurrently for TBFsin opposite directions. The TFI is assigned in aresource ass gnment message that precedes
the transfer of LLC frames belonging to one TBF to/from the MS. The same TFI isincluded in every RLC header
bel onging to a particular TBF aswell asin the control messages associated to the LLC frame transfer (e.g.
acknowledgements) in order to address the peer RLC entities.
6.6.4.4 Medium Access modes
Three medium access modes are supported:

- Dynamic allocation;

- Extended Dynamic allocation; and
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- Fixed dlocation.

The Dynamic alocation medium access mode or Fixed all ocation medium access mode shall be supported by all
networks that support GPRS. The support of Extended Dynamic allocation is optional .

The Dynamic alocation and Fixed all ocation modes shall be supported in all mobile stations.

6.6.4.5 Acknowledged mode for RLC/MAC operation

Thetransfer of RLC Data Blocks in the acknowledged RLC/MAC mode is controlled by a selective ARQ mechanism
coupled with the numbering of the RLC Data Blocks within one Temporary Block Flow. The sending side (the MS or
the network) transmits blocks within awindow and the receiving side sends Packet Uplink Ack/Nack or Packet
Downlink Ack/Nack message when needed. Every such message acknowledges all correctly received RLC Data Blocks
up to an indicated block sequence number (BSN), thus "moving” the beginning of the sending window on the sending
side. Additionally, the bitmap that starts at the same RLC Data Block is used to selectively request erroneously received
RLC Data Blocks for retransmission. The sending sde then retransmits the erroneous RLC Data Blocks, eventually
resulting in further diding the sending window.

The Packet Ack/Nack message does not include any change in the current assignment (and thus does not have to be
acknowledged when sent on downlink). A missing Packet Ack/Nack isnot critical and a new one can be issued
whenever. In Packet Downlink Ack/Nack message, the MS may optionally initiate an uplink TBF. In Packet Uplink
Ack/Nack message, the network can assign uplink resources for mobile station using a fixed allocation.

When receiving uplink data from a M S the network shall, based on erroneous blocks received from M S, all ocate
additional resources for retransmission.

The acknowledgement procedure of the LLC layer is not combined with the acknowl edgement procedure on the
underlying RLC/MAC layer.

6.6.4.6 Unacknowledged mode for RLC/MAC operation

The transfer of RLC Data Blocks in the unacknowledged RLC/MAC mode is controlled by the numbering of the RLC
Data Blocks within one Temporary Block Flow and does not include any retransmissions. The receiving side extracts
user data from thereceived RLC Data Blocks and attempts to preserve the user information length by replacing missing
RLC Data Blocks by dummy information bits.

The same mechanism and message format for sending temporary acknowledgement messagesis used as for
acknowledged mode in order to convey the necessary control signalling (e.g. monitoring of channel quality for
downlink channd or timing advance correction for uplink transfers). Thefields for denoting the erroneous RLC blocks
may be used as an additional measure for channd quality (i.e parameter for link adaptation). The sending side (the MS
or the network) transmits anumber of radio blocks and then polls the receiving side to send an acknowl edgement
message. The Packet Uplink Ack/Nack and Packet Downlink Ack/Nack message does not include any changein the
current assignment. A missing acknowl edgement message isnot critical and anew one can be obtained whenever. In
Packet Downlink Ack/Nack message, the MS may optionally initiate an uplink TBF. In Packet Uplink Ack/Nack
message , the network can assign uplink resources for mobile station using a fixed allocation.
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6.6.4.7 Mobile Originated Packet Transfer

6.6.4.7.1 Uplink Access
Network

Packet Channel Request

B A

PRACH (or RACH)
Packet Uplink Assignment

PAGCH (or AGCH)

Packet Resource Request

PACCH

(Optional)
. Packet Uplink Assignment

A

(Optional) PACCH

Figure 9: Access and allocation for the one or two phase packet access, uplink packet transfer

An MSinitiates a packet transfer by making a Packet Channel Request on PRACH or RACH. The network responds on
PAGCH or AGCH respectively. It is possible to use one or two phase packet access method (see figure 9).

In the one phase access, the Packet Channel Request isresponded by the network with the Packet Uplink Assignment
reserving the resources on PDCH(s) for uplink transfer of anumber of Radio blocks. The reservation isdone
accordingly to the information about the requested resources that is comprised in the Packet Channe Request. On
RACH, thereisonly two cause values available for denoting GPRS, which can be used to request limited resources or
two phase access. On PRACH, the Packet Channel Request may contain more adequate information about the requested
resources and, consequently, uplink resources on one or several PDCHs can be assigned by using the Packet Uplink
Assignment message.

In the two phase access, the Packet Channd Request is responded with the Packet Uplink Assignment which reserves
the uplink resources for tranamitting the Packet Resource Request. A two phase access can beinitiated by the network
or amobile station. The network can order the MS to send Packet Resource Request message by setting parameter in
Packet Uplink Assignment message. Mobile station can require two phase access in Packet Channd Reguest message.
In this case, the network may order MS to send Packet Resource Request or continue with a one phase access
procedure.

The Packet Resource Request message carries the complete description of the requested resources for the uplink
transfer. The MS can indicate the medium access method, it prefers to be used during the TBF. The network responds
with the Packet Uplink Assignment reserving resources for the uplink transfer and defining the actual parameters for
data transfer (e.g. medium access mode).

If thereis no response to the Packet Channel Request within predefined time period, the MS makes aretry after a
random backoff time.

On PRACH thereisused a 2-step approach including along-term and a short-term estimation of the persistence (see
figure 10). The optimal persistence of the mobile stationsis calculated at the network side.
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Figure 10: Basic principle of random access traffic control

The actual persistence values depend on:

- thepriority i of the packet to be transmitted;

- theamount of traffic within higher priority classes,

- the amount of traffic within the own priority class.
Optionally, the existing backoff algorithm on RACH can be used on PRACH.
On RACH, the existing backoff algorithm shall be used.

Occasionally, more Packet Channel Requests can be received than can be served. To handle this, a Packet Queuing
Notification is transmitted to the sender of the Packet Channel Request. The notification includes information that the
Packet Channd Request messageis correctly received and Packet Uplink Assignment may be tranamitted | ater. If the
Timing Advance information becomes inaccurate for an M S, the network can send Packet Polling Request to trigger the
MS to send four random access bursts. This can be used to estimate the new Timing Advance before issuing the Packet
Uplink Assignment.

6.6.4.7.2 Dynamic/Extended Dynamic allocation

6.6.4.7.2.1 Uplink Packet Transfer

The Packet Uplink Assignment message includes the list of PDCHSs and the corresponding USF value per PDCH. A
unique TFI isallocated and is thereafter included in each RLC Data and Control Block related to that Temporary Block
Flow. The MS monitors the USFs on the allocated PDCHSs and transmits Radio blocks on those which currently bear the
USF valuereserved for the usage of the MS.

If theresource assigned by the network in the case of extended dynamic allocation does not allow the multislot MS (see
GSM 05.02, annex B) to monitor the USF on all the assigned PDCHs, the following rules shall apply:

- Whenever the MSreceives its USF on one downlink PDCH (e.g. on timeslot O whiletimeslots 0, 2 and 3 were
assigned), it shall consider the corresponding uplink block and all subsequent ones from thelist of assigned
PDCHs as allocated (eg. on 0, 2 and 3). Hence, if the network allocates a block to this MS on an assigned
PDCH, it shall also allocate blocks to this MS on all subsequent PDCHs in the list. For each allocated block, the
network shall set the USF to the value reserved for the usage of that MS. These rules apply on ablock period
basis.
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- During block periods whereit istransmitting, the MS shall monitor the USF on each PDCH in the list of
assigned PDCHSs, up to and including the first PDCH currently used for transmission. Thisrule applieson a
block period basis. For example, if timeslots 0, 2 and 3 have been assigned and blocks are currently allocated on
timeslots 2 and 3, then during thisblock period the MS monitors USF on timeslots 0 and 2. If the reserved value
of USF isfound on timeslot 0, then the next allocated blocks shall be on timedots 0, 2 and 3. If thereserved
value of USF isfound on timeslot 2, then the next allocated blocks shall be on timeslots 2 and 3. And so on for
the subsequent block periods. Because each Radio Block includes an identifier (TFI), all received Radio blocks
are correctly associated with a particular LLC frame and a particular MS, thus making the protocol highly robust.
By altering the state of USF, different PDCHSs can be "opened" and "closed" dynamically for certain MSsthus
providing a flexible reservation mechanism. Additionally, packets with higher priority and pending control

messages can temporarily interrupt a data transmission from one MS.

The channd reservation algorithm can a so be implemented on assignment basis. Thisallows individual MSsto

tranamit a predetermined amount of time without interruptions.

The MS may be allowed to use the uplink resources aslong as there is queued data on the RLC/MAC layer to be sent
from the MS. It can comprise anumber of LLC frames. In that sense the radio resources are assigned on theinitially
"unlimited” time basis. Alternatively, the uplink assignment for each assignment may be limited to a number of radio

blocks (e.g. in order to offer more fair access to the medium at higher loads).

The sdlective ARQ operation for the acknowledged RLC/MAC mode is described in clause 6.6.4.5. The

unacknowledged RLC/MAC mode operation is described in clause 6.6.4.6.

Figure 11 shows an example of message sequence for the (multidot) uplink data transfer with one resource reallocation

and possible RLC Data Block re-transmissions.

Access and Assignment

Data Block

A AN

Data Block

Y.

A AN

Data Block (last in send window)

Packet Uplink Ack/Nack

Data Block

Data Block

LN

Data Block

R A

Packet Uplink Assignment

| Packet Control Acknowledgement :
Data Block

T CLERTEE PEETRPE TRCEETE CEPRED

I S,

Data Block (last)
Packet Uplink Ack/Nack (final)

A A

P CLAREEE PETTRPR TERE

MS Network

PDTCH
PDTCH
PDTCH
PDTCH
PACCH
PDTCH
PDTCH
PDTCH
PACCH
PACCH
PDTCH

PDTCH
PACCH

Figure 11: An example of dynamic allocation uplink data transfer

6.6.4.7.2.2 Release of the Resources

Thereease of the resourcesisnormally initiated from the MS by counting down the last couple of blocks.
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For the normal release of resources for RLC connection carrying a mobile originated packet transfer, the mechanism
based on acknowledged final Packet Uplink Ack/Nack combined with timersisused.

After the MShas sent itslast RLC Data Block (indicated by the countdown field), the acknowledgement is expected
from the network side. By sending the last block, the MS may no longer use the same assignment unless a negative
acknowledgement arrives. It aso means that the network side may reallocate the same USF(s) to some other user as
soon as al the RLC Data Blocks belonging to that Temporary Block Flow are correctly received; that regardless of the
possible later errors in the acknowledgements.

The next step, in the case of all RLC Data Blocks being correctly received, isthat the network sends Packet Uplink
Ack/Nack which isto be immediately acknowledged by the MS in the reserved uplink block period. It must be possible
for the network not to use the mechanism of acknowledgement for Packet Ack/Nack in which case the release of the
resources procedure relies only on timers. The THl can be reused for another assignment either upon the reception of the
acknowledgement for Packet Ack/Nack or after expiry of the guard timer.

Further, the premature release or change of assignment for one M S can be initiated by the network. In the case of
release, the MSis ordered to interrupt the Temporary Block Flow. The MS shall then reorganise the uplink buffer and
issue a new Packet Channd Request to continue the uplink transfer with the RLC Data Blocks containing untransferred
(i.e. on the RLC/MAC layer unacknowledged) LLC frames. In the case of the change in assignment, the Packet Uplink
Assignment or Packet Times ot Reconfigure message isissued.

6.6.4.7.3 Fixed Allocation

Fixed all ocation uses the Packet Uplink Assignment message to communicate a detailed fixed uplink resource
allocation to the MS. The fixed allocation consists of a start frame, slot assignment, and block assignment bitmap
representing the assigned blocks per timeslot. The MSwaits until the start frame indicated and then transmitsradio
blocks on those blocks indicated in the block assignment bitmap. The fixed allocation does not include the USF and the
MSisfreeto tranamit on the uplink without monitoring the downlink for the USF. Unused USF value is used to prevent
other mobiles to transmit. If the current allocation isnot sufficient, the MS may request additional resourcesin one of
the assigned uplink blocks. A unique TFI is alocated and is thereafter included in each RLC data and control block
related to that Temporary Block Flow. Because each Radio Block includes an identifier (TFI), all received Radio blocks
are correctly associated with a particular LLC frame and a particular MS.

The number of blocks an MSrequestsin theinitial and subsequent allocation request messages shall only account for
the number of data and control blocksit intendsto send. The MS shall not request additional blocks for the
retransmission of erroneous blocks. The network can repeat the allocation of radio resources by setting the parameter in
the Packet Uplink Assignment or the Packet Uplink Ack/Nack message.

The sdlective ARQ operation for the acknowledged RLC/MAC mode is described in clause 6.6.4.5. The
unacknowledged RLC/MAC mode operation is described in clause 6.6.4.6.

Figure 11 shows an example of message sequence for the (multidot) uplink data transfer with one resource reallocation
and possible RLC Data Block re-transmissions.
6.6.4.7.4 Contention Resolution

Contention resolution is an important part of RLC/MAC protocol operation, especially because one channel allocation
can be used to transfer anumber of LLC frames. Contention resolution applies for both dynamic and fixed alocation
medium access modes.

There are two basic access possihilities, one phase and two phase access as defined in clause 6.6.4.7.1.

The two phase access is inherently immune for possibility that two M Ss can perceive the same channd allocation as
their own. Namely the second access phase, the Packet Resource Request, uniquely identifiesthe MS by its TLLI. The
same TLLI isincluded in the Packet Uplink Assignment/Packet Downlink Assignment and no mistakeis possible.

The one phase access is somewhat insecure and an efficient contention resol ution mechanism hasto be introduced.

Thefirg part of the solution isthe identification of the MS. The identification of transmitting MS on the RLC/MAC
leve is necessary not only for contention resolution but also to be able to establish RLC protocol entity for that
Temporary Block Flow on the network side. Additionally, the TLLI is necessary to be able to match simultaneous
uplink and downlink packet transfers by taking into consideration multidot capability of that MS.
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In order to uniquely identify the MSwhen sending on uplink, the RLC Header for al the RLC Data Blocks on uplink is
extended to include the TLLI until the contention resolution is completed on the MS side.

The second part of the solution is the notification from the network side about who owns the allocation. That is solved
by theinclusion of the TLLI in the Packet Uplink Ack/Nack/Packet Downlink Ack/Nack. This message shall be sent in
an early stage, even before the receive window for RLC/MAC protocol operation isfull. By doing so, the contention is
resolved after the first occurrence of Packet Ack/Nack. The possibility of RLC Data Blocks being captured from
"wrong" MS, thus destroying the LLC frame, shall be covered for by retransmissions on the LLC layer.

6.6.4.8 Mobile Terminated Packet Transfer

6.6.4.8.1 Packet Paging

The network initiates a packet transfer to an MSthat isin the Standby state by sending one or more packet paging
request messages on the downlink PPCH or PCH. The M S responds to one packet paging request message by initiating
amobile originated packet transfer, as described in clause 6.6.4.7. This mobile originated packet transfer allowsthe MS
to send a packet paging response message containing an arbitrary LLC frame. The message sequence described in
figure 12 below is conveyed either on PCCCH or on CCCH. After the packet paging responseis sent by the MSand
received by the network,, the mobility management state of the MSis Ready.

The network can then assign some radio resources to the M S and perform the downlink data transfer as described in
clause 6.6.4.8.2.

MS Network

Packet Paging Request (or Paging Request) PPCH (or PCH)
<

Packet Channel Request (or Channel Request)

» PRACH (or RACH)
Packet Uplink Assignment (or Immediate Assignment)

< PCCCH (or CCCH)
Packet Resource Request
(Optional) » PACCH
(Optional) < Packet Uplink Assignment PACCH
Packet Paging Response (LLC frame)
» PDTCH

Figure 12: Paging message sequence for Paging, downlink packet transfer

6.6.4.8.2 Downlink Packet Transfer

The transmission of a packet to an MSin the Ready stateisinitiated by the network using a packet downlink
assignment message. In case thereis an uplink packet transfer in progress, the packet downlink assignment messageis
transmitted on PACCH. Else, in case thereis PCCCH allocated in the cdll, the Packet Downlink Assignment messageis
tranamitted on PCCCH. Else, the Immediate Assignment message is transmitted on CCCH. The packet downlink
assignment message includes the list of PDCH(s) that will be used for downlink transfer. The Timing Advance and
Power Control information isalso included, if available. Otherwise, the MS may be requested to respond with a Packet
Control Acknowledgement (see also clause 6.5.7 on timing advance procedures). The MS multidot capability needsto
be considered.

The network sends the RLC/MAC blocks belonging to one Temporary Block Flow on downlink on the assigned
downlink channds.

Multiplexing the RLC/MAC blocks destined for different MSs on the same PDCH downlink is enabled with an
identifier, eg. TFl, included in eachRLC/MAC block. Theinterruption of data transmission to one MSis possible.
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The acknowledged (i.e. selective ARQ operation) and unacknowledged RLC/MAC mode operation is described in
clauses 6.6.4.5 and 6.6.4.6. The sending of the Packet Downlink Ack/Nack message is obtained by the occasional
network initiated polling of the MS. The MS sends the Packet Downlink Ack/Nack message in areserved radio block
which isallocated together with polling. Unassigned USF value is used in the downlink radio block which corresponds
to the reserved uplink radio blocks. Further, if the MS wants to send some additional signalling or uplink data, it may be
indicated in the Packet Downlink Ack/Nack message.

Figure 13 shows an example of message sequence for (multislot) downlink data transfer with one resource reall ocation
and possible RLC Data Block re-transmissions.

MS Network
< Packet Downlink Assignment PACCH, (P)CCCH
Packet Control Acknowledgement
(Optional) » PACCH
Data Block
< PDTCH
Data Block
PDTCH
Data Block (polling)
PDTCH
Packet Downlink Ack/Nack
» PACCH
Data Block
< PDTCH
Data Block
< PDTCH
Data Block
< PDTCH
Packet Downlink Assignment (polling)
< PACCH
Packet Control Acknowledgement
» PACCH
Data Block
< PDTCH
Data Block
PDTCH
Data Block (last, polling)
PDTCH
Packet Downlink Ack/Nack (final)
» PACCH
Figure 13: An example of downlink data transfer
6.6.4.8.3 Release of the Resources

Therelease of theresourcesisinitiated by the network by terminating the downlink transfer and polling the MSfor a
final Packet Downlink Ack/Nack message.

Itis possible for the network to change the current downlink assignment by using the Packet Downlink Assignment or
Packet Timeslot Reconfigure message, which then has to be acknowledged by the MS in areserved radio block on the
uplink.

The handling of TH is steered with the same timer that runson both the MS and the network side after thelast RLC
Data Block is sent to the MS. When it expires, the current assignment becomesinvalid for the MS and TFI can be
reused by the network. Further, upon the reception of the final Packet Downlink Ack/Nack from the MS, another timer
is started on network side. When it expires, the current assignment becomes invalid for the MS and TFI can be reused
by the network.
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6.6.4.9 Simultaneous Uplink and Downlink Packet Transfer

During the ongoing uplink Temporary Block Flow, the M S continuously monitors one downlink PDCH for possible
occurrences of Packet Downlink Assignment or Packet Timesl ot Reconfigure messages on PACCH (seefigure 11). The
MS istherefore reachable for downlink packet transfers that can then be conveyed simultaneously on the PDCH(s) that
respect the MS multislot capability.

If the MS wants to send packets to the network during the ongoing downlink Temporary Block Flow, it can be indicated
in the acknowledgement that is sent from the MS. By doing so, no explicit Packet Channd Requests have to be sent to
the network. Further, the network already has the knowledge of which PDCH(s) that particular MSis currently using so
that the uplink resources can be assigned on the PDCH(s) that respect the MS multislot capability. This method may
introduce an extra delay when initiating the uplink packet transfer but only for the first LLC frame in a sequence.

6.7 Abnormal cases in GPRS MS Ready State

The RLC/MAC error causes and procedures to handle these can be found in GSM 04.08, 04.60 and 05.08.

6.8 PTM-M Data Transfer

NOTE: The stage 3 specification for PTM-M data transfer isleft for phase 2 of GPRS specification.

PTM-M data, in the form of individual LLC frames, is mapped into RLC/MAC-PTM_DATA primitive and distributed
from SGSN to the BSS representing the cells that are defined by a geographical area parameter. To the cells concerned,
the BSS for each PTM-M LLC frame:

- Optionally, sendsa"PTM-M new message" indicator on all individual paging channels on PCCCH if allocated,
otherwise on CCCH. Theindication refers to a PTM-M natification channd PNCH on PCCCH or NCH on
CCCH, where anatification for the new PTM-M message can be received.

If theindicator option isnot supported, or if an MS can not receive the indicator when expected, e.g. because the
corresponding block in the multiframe structureis used for other purposes than paging, the MS must read the
notification channel.

- Sendsa PTM-M natification on PNCH or NCH. The natification has the form of a Packet Resource Assignment
for the PTM-M LLC frame. The natification includes a group identity IMGI, aunique LLC frame identifier (in
the form of an N-PDU number together with a segment offset, see GSM 04.65) and an allocation of a TFI to be
used in all RLC blocks of the LLC frame.

- Transmitsthe PTM-M LLC frame on the assigned downlink resources.

Transfer of PTM-M datais carried out without any ARQ on the RLC/MAC and LLC layers. Ingtead, each LLC frameis
retransmitted a specified number of times. For each retransmission, the above procedure is performed. The PTM-M
notification (resource assignment) includes the unique LLC frame identifier asin thefirst transmission but anew
allocation of TFI.

An MS accumul ates correctly received RLC blocks from each transmission to assemble an LLC frame.
The dimensioning of PNCH shall be scaleable depending on capacity requirements.

An NCH may, if capacity allows, be used as a shared natification channd for PTM-M and Advanced Speech Call Items
(ASCI).

An MS only interested in PTM-M needs to listen only to PNCH/NCH.
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