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

The present document specifies the procedures used at the radio interface (Reference Point Um, see 3GPP TS 04.02) for
the General Packet Radio Service (GPRS) Medium Access Control /Radio Link Control (MAC/RLC) layer within the
digital cellular telecommunications system (Phase 2+).

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 specifies the procedures used at the radio interface (Reference Point Um, see 3GPP TS 04.02) for
the General Packet Radio Service (GPRS) Medium Access Control /Radio Link Control (MAC/RLC) layer.

When the notations for "further study" or "FS" or "FFS" are present in the present document they mean that the
indicated text is not a normative portion of the present document.

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 procedures described in the present document are for the RLC/MAC functions of the GPRS radio interface (Um)
when operating on a Packet Data Channel (PDCH).

3GPP TS 03.64 contains an overview of the GPRS radio interface (Um).
3GPP TS 04.03 and 3GPP TS 04.04 contains the definition of the control channels used in the present document.

3GPP TS 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.

3GPP TS 04.08 contains the definition of GPRS RLC/MAC procedures when operating on the Common Control
Channel (CCCH).

3GPP TS 04.64 contains functional procedures for the Logical Link Control (LLC) layer.
Application to interface structure

The RLC/MAC procedures apply to the interface structures defined in 3GPP TS 04.03. They use the functions and
services provided by layer 1 defined in 3GPP TS 04.04. 3GPP TS 04.07 gives the general description of layer 3
including procedures, messages format and error handling.

Test procedures
Test procedures of the GSM radio interface signalling are described in 3GPP TS 11.10 and 3GPP TS 11.2x series.
Use of logical control channels

Thelogical control channels are defined in 3GPP TS 05.02. Two similar sets of logical channels are defined. The first
set consists of the logical channels:

- Broadcast Control Channel (BCCH): downlink only, used to broadcast Cell specific information;
- Paging Channel (PCH): downlink only, used to send page requests to Mobile Stations (M Ss);

- Random Access Channel (RACH): uplink only, used to request GPRS resources or a Dedicated Control
Channel;

- Access Grant Channel (AGCH): downlink only, used to allocate GPRS resources or a Dedicated Control
Channel;

- The second set consists of the logical channels:

- Packet Broadcast Control Channel (PBCCH): downlink only, used to broadcast Cell specific information;
- Packet Paging Channel (PPCH): downlink only, used to send page requests to Mobile Stations (M Ss);

- Packet Random Access Channel (PRACH): uplink only, used to request GPRS resources;

- Packet Access Grant Channel (PAGCH): downlink only, used to allocate GPRS resources;
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Packet Associated Control Channel (PACCH): bi-directional, associated with a Temporary Block Flow (TBF);

Packet Timing advance control channel uplink (PTCCH/U): used to transmit random access burststo alow
estimation of the timing advance for one MS in transfer state;

Packet Timing advance control channel downlink (PTCCH/D): used to transmit timing advance updates for
several MS. One PTCCH/D is paired with several PTCCH/U's.

2

References

The following documents contain provisions which, through reference in thistext, congtitute provisions of the present
document.

(1]
(2]
(3]
[4]
(9]

(6]

References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

For a specific reference, subsequent revisions do not apply.

For a non-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

3GPP TS 01.04: "Abbreviations and acronyms".

3GPP TS 02.60: "Stage 1 Service Description of the General Packet Radio Service (GPRS)".
3GPP TS 03.03: "Numbering, addressing and identification”.

3GPP TS 03.13: "Discontinuous Reception (DRX) in the GSM system”.

3GPP TS 03.64: "General Packet Radio Service (GPRS);Overall description of GPRS radio
Interface; Stage 2".

3GPP TS 04.02: "GSM Public Land Mobile Network (PLMN) access reference configuration”.

[7] 3GPP TS 04.03: "Mobile Station - Base Station System (MS - BSS) interface Channel structures
and access capabilities”.

[8] 3GPP TS 04.04: "Layer 1 General requirements’.

[9] 3GPP TS 04.05: "DataLink (DL) layer General aspects'.

[10] 3GPP TS 04.07: "Mobile radio interface signalling layer 3 General aspects".

[11] 3GPP TS 04.08: "Mobile radio interface layer 3 specification”.

[12] 3GPP TS 04.64: "General Packet Radio Service (GPRS); Logical Link Control (LLC)".

[13] 3GPP TS 05.02: "Multiplexing and multiple access on the radio path”.

[14] 3GPP TS 05.03: "Channel coding".

[15] 3GPP TS 05.08: "Radio subsystem link control".

[16] 3GPP TS 05.10: "Radio subsystem synchronisation".

[17] 3GPP TS 11.10: "Mobile Station (MS) conformity specification".

[18] 3GPP TS 11.21: "The GSM Base Station System (BSS) equipment specification".

3

Definitions and abbreviations

Abbreviations used in the present document are listed in 3GPP TS 01.04 and 3GPP TS 02.60.
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3.1 Vocabulary

For the purposes of the present document, the following terms and definitions apply.
Block period: A block period is the sequence of four timeslots on a PDCH used to convey one radio block.

GPRS multislot class: Theterm GPRS multislot class refersto the different mobile station capabilities to transmit and
receive on different combinations of multiple PDCHs. The multisiot classes are defined in 3GPP TS 05.02. Note that
the mobile station may indicate different multislot classes for circuit mode services and for GPRS (see 3GPP TS 04.08).
Different multislot class mobile stations are capable of supporting different medium access modes (see subclause 5.2.4).

Packet idle mode: In packet idle mode, the mobile station is prepared to transfer LLC PDUs on packet data physical
channels (see subclause 5.3). The mobile station is not allocated any radio resource on a packet data physical channel; it
listens to the PBCCH and PCCCH or, if those are not provided by the network, to the BCCH and the CCCH;

Packet transfer mode: In packet transfer mode, the mobile station is prepared to transfer LL C PDUs on packet data
physical channels (see subclause 5.4). The mobile station is allocated radio resource on one or more packet data
physical channels for the transfer of LLC PDUs.

Radio block: A radio block is the sequence of four normal bursts carrying one RLC/MAC protocol data unit (see
3GPP TS 04.04). (The one exception is aradio block occasionally used on PACCH consisting of a sequence of four
access bursts, each carrying a repetition of one short RLC/MAC block.)

Random values: In anumber of placesin this Technical Specification, it is mentioned that some value must take a
"random" value, in a given range, or more generally with some statistical distribution. For such random values refer to
3GPP TS 04.08.

RLC/MAC block: A RLC/MAC block isthe protocol data unit exchanged between RLC/MAC entities (see clause 10
and 3GPP TS 04.04).

RLC/MAC control block: A RLC/MAC control block isthe part of a RLC/MAC block carrying a control message
between RLC/MAC entities (see subclause 10.3).

RR connection: An RR connection is aphysical connection established between a maobile station and the network to
support the upper layers exchange of information flows. An RR connection is maintained and released by the two peer
entities.

RL C data block: A RLC datablock isthe part of aRLC/MAC block carrying user data or upper layers' signalling data
(see subclause 10.2).

TBF abort: The term "abort" as applied to TBF is used when the TBF is abruptly stopped without using the Release of
TBF procedures defined in clause 9.

TBF release: Theterm "release” as applied to TBF is used when the TBF is stopped using one of the Release of TBF
procedures defined in clause 9.

Temporary Block Flow (TBF): A Temporary Block Flow (TBF) isa physical connection used by the two RR peer
entities to support the unidirectional transfer of LLC PDUs on packet data physical channels (see subclause 5.2.1).

Timer Expiry: A started timer has run the time specified.

Timer Restart: A timer that may already be running is stopped and then started again to run the time specified.
Timer Start: A timer is started to run the time specified.

Timer Stop: A started timer is stopped and its value is then undefined.

Uplink State Flag (USF): The Uplink State Flag (USF) is used on PDCH channel(s) to allow multiplexing of uplink
Radio blocks from different mobile stations (see subclause 5.2.3, clause 10 and 3GPP TS 05.02).

4 Layered overview of radio interface

The Radio Resource sublayer provides the functions necessary for
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- Radio Resource (RR) management of packet data physical channels (PDCHSs); and
- Radio Link Control and Medium Access Control (RLC/MAC) on packet data physical channels.

Asshownin Figure 1, the RR sublayer provides services to the MM and LL C sublayers. The RR sublayer utilises the
services of the Data Link layer (signalling layer 2) and the Physical Link layer. The packet logical channels PBCCH,
PCCCH (including PPCH, PAGCH and PRACH), PACCH and PDTCH, are multiplexed onto the packet data physical
channels on a per radio block basis.

I I
|
| MM sublayer !
L _______ e [
T T 1
|
| LLC sublayer !
. . L _____ I
RR-SAP, GMMRR-SAP:. GRR-SAP.
— — -
RR sublayer | |
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non-RR RR upper layers
0 RR PDUs
RLC/MAC
PCCCH PDTCH
/\ /\ PBCCH PACCH
SAPI 0 SAPI 3
] — (- >
RACH PCH|SDCCH FACCH SACCH
BCCH AGCH SACCH SDCCH
-t TTT T T T T T T T T ==
: DataLink layer (signalling layer 2) i
|
b o o e e e 1
dI>
PDCH

G S S

Figure 1: Protocol architecture of Radio Resource (RR) sublayer and RLC/MAC function

4.1 Layer services

The RR sublayer provides services for the transfer of upper layer PDUs using a shared medium between multiple
mobile stations and the network. Direct communication is only possible between the network and one or more mobile
stations. The RLC/MAC function supports two modes of operation:

- unacknowledged operation; and
- acknowledged operation.

The RR sublayer further provides services for the paging of mobile stations.
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4.2 Layer functions

The RLC function defines the procedures for segmentation and reassemble of LLC PDUs into RLC/MAC blocks and,
in RLC acknowledged mode of operation, for the Backward Error Correction (BEC) procedures enabling the selective
retransmission of unsuccessfully delivered RLC/MAC blocks. In RLC acknowledged mode of operation, the RLC
function preserves the order of higher layer PDUs provided to it.

The MAC function defines the procedures that enable multiple mobile stations to share a common transmission
medium, which may consist of several physical channels. The function may allow a mobile station to use several
physical channelsin parallel, i.e. use several timeslots within the TDMA frame.

For the mabile station originating access, the MAC function provides the procedures, including the contention
resolution procedures, for the arbitration between multiple mobile stations simultaneously attempting to access the
shared transmission medium.

For the mabile station terminating access, the MAC function provides the procedures for queuing and scheduling of
access attempts.

4.3 Service primitives

Information flow between layers is performed by the use of Service Primitives. Service Access Points (SAP) and their
corresponding Service Primitives for the RR sublayer are defined in 3GPP TS 04.07.

4.4 Services required from lower layers
The RLC/MAC function uses the services provided by the physical link layer as defined in 3GPP TS 04.04.

The RR sublayer may use the services provided by the data link layer as defined in 3GPP TS 04.05. Moreover, the RR
sublayer directly uses services provided by the physical layer such as BCCH searching, as defined in 3GPP TS 04.04.

5 Introduction to the Medium Access Control (MAC)
procedures

51 General

The Medium Access Control procedures include the functions related to the management of the shared transmission
resources, e.g. the packet data physical channels and the radio link connections on packet data physical channels.

The Medium Access Control procedures support the provision of Temporary Block Flows (TBFs) that allow the point-
to-point transfer of signalling and user data within a cell between the network and a mobile station.

Moreover, the Medium Access Control procedures include the procedures for reception of PBCCH and PCCCH, which
permits autonomous cell reselection performed by the mobile station (see 3GPP TS 05.08).

5.2 Multiplexing principles

5.2.1 Temporary Block Flow

A Temporary Block Flow (TBF) is aphysical 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 comprises 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 (i.e. until there are no more RLC/MAC blocks to be transmitted and, in RLC
acknowledged mode, all of the transmitted RLC/MAC blocks have been successfully acknowledged by the receiving
entity).
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5.2.2  Temporary Flow ldentity

Each TBF isassigned a Temporary Flow Identity (TFI) by the network. The mobile station shall assume that the TFI
value is unique among concurrent TBFsin the same direction (uplink or downlink) ) on all PDCHs used for the TBF.
The same TFI value may be used concurrently for TBFs on other PDCHs in the same direction and for TBFsin the
opposite direction.

An RLC/MAC block associated with a certain TBF shall comprise a TFI. The TBF isidentified by the TFI together
with, in case of a RLC data block, the direction (uplink or downlink) in which the RLC data block is sent; and in case of
aRLC/MAC control message, the direction in which the RLC/MAC control message is sent and the message type.

Globa_TFI isused to unambiguously identify the mobile station during packet transfer mode in an uplink or downlink
RLC/MAC control message. If present, the Global TFI addresses the MS using either the uplink TFI or downlink TFI of
the MS. Which TFI is used is at the discretion of the sender except where explicitly defined by procedure.

5.2.3 Uplink State Flag

An Uplink State Flag (USF) isincluded in the header of each RLC/MAC block on a downlink PDCH, as specified in
clause 10. It may be used by the network to control the multiplexing of different mobile stations on uplink PDCH. The
use of USF is further specified in 3GPP TS 05.02.

5.2.4 Medium Access modes

Three medium access modes are supported:

- Dynamic Allocation characterised by that the mobile station detecting an assigned USF value for each assigned
PDCH and block or group of four blocks that it is allowed to transmit on that PDCH (see subclause 8.1.1.1);

- Extended Dynamic Allocation characterised by the mobile station detecting an assigned USF value for any
assigned PDCH allowing the mobile station to transmit on that PDCH and all higher numbered assigned PDCHs
in the same block or group of four blocks (see subclause 8.1.1.2); and

- Fixed Allocation characterised by fixed allocation of radio blocks and PDCHs in the assignment message
without an assigned USF (see subclause 8.1.1.3). Fixed Allocation may operate in half duplex mode,
characterised by that downlink and uplink TBF are not active at the same time. Half duplex mode is only
applicable for multislot classes 19 to 29.

Either the Dynamic Allocation medium access mode or Fixed Allocation medium access mode shall be supported by all
networks that support GPRS. The support of Extended Dynamic Allocation is optional for the network.

The Dynamic Allocation and Fixed Allocation modes shall be supported in al mobile stations. The support of Extended
Dynamic Allocation is mandatory for mobile stations of multisiot classes 22, 24, 25 and 27. The support of Extended
Dynamic Allocation for mobile stations of all other multisiot classes are optional and shall be indicated in the MS Radio
Access Capability.

The network shall ensure that the medium access mode and the resource allocation used for a mobile station is
compatible with the multislot class of the mobile station (the mobile station MS multislot classis defined in
3GPP TS 05.02).

In the case of adownlink transfer, the term medium access mode refers to the measurement time scheduling, for the MS
to perform neighbour cell power measurements (see subclause 8.1.2.7).

5.3 Packet idle mode

In packet idle mode no temporary block flow exists.

In packet idle mode, the mobile station monitors the relevant paging subchannels on PCCCH, if such is present in the
cell. If aPCCCH is not present in the cell, the maobile station monitors the relevant paging subchannels on CCCH.

In packet idle mode, upper layer may require the transfer of aLL C PDU, which implicitly triggers the establishment of
a TBF and the transition to packet transfer mode.
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54 Packet transfer mode

In packet transfer mode, the mobile station is allocated radio resource providing a TBF for a physical point-to-point
connection on one or more packet data physical channels for the unidirectional transfer of LLC PDUs between the
network and the mobile station. Continuous transfer of one or more LLC PDUs is possible. Concurrent TBFs may be
established in opposite directions. The RR sublayer provides the following services:

- transfer of LLC PDUsin RLC acknowledged mode;
- transfer of LLC PDUsin RLC unacknowledged mode.

When atransfer of LLC PDUs terminates, in either downlink or uplink direction, the corresponding TBF is released.
When all TBFs have been released, in downlink and uplink direction, the mobile station returns to packet idle mode.

Depending on the GPRS mode of operation (class A, B or C), the mobile station may |eave both packet idle mode and
packet transfer mode before entering dedicated mode, group receive mode or group transmit mode defined in
3GPP TS 04.08.

5.5 General procedures in packet idle and packet transfer
modes

551 Mobile station side

The mobile station in packet idle and packet transfer modes shall monitor the system information broadcast in the cell.
In packet idle mode, the mobile station shall monitor the radio blocks on PCCCH or CCCH, as defined in subclauses
5.5.1.5 and 5.5.1.6. The determination of the paging group for the mobile station is defined in 3GPP TS 05.02.
5.5.1.1 Cell reselection

Cdll reselection in packet idle and packet transfer modes is specified in 3GPP TS 05.08. The RR entity on the mobile
station side indicate