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11.4  Transport format combination selection in UE

RRC can control the scheduling of uplink data by giving a priority value between 1 and 8 for each logical
channel where 1 isthe highest priority and 8 the lowest. The selection of TFC in the UE shall be done
according to the priorities between Iog| ce\l channels mdlcated by RRC. Log| ca channels haverelatwe
absolute priority i.e-da tawi

&h{ghepprﬁwfrensrbaﬂgieransmmedthe UE shall maX|m|zethe transrmssuon of high pr|0r|tv daIa

The schemeiis performed each time a TFC selection is performed, i.e., each time the shortest configured
TTI begins.

Consider the priorities N1..N2 (N2>N1) where datais available for transmission at the time the TFC

selection is performed. Let S1 and S2 be sets of TFCs.

1. Let S2 bethe set of al TECsin the TECS that can be supported at the current UE maximum transmitter
power.

2. Priority N = N1.

3.S81 =82

4. 1f S1 contains one single TFC, select this TFC and end the procedure.

5. Let S2 be the set of all TFCsin S1 that alow the highest amount of available priority N databits to be
transmitted.

6.N=N+1.

7. 1f N > N2, select anyone of the TFCsin S2 and end the procedure.

8. Go back to step 3.

The above rules for TFC selection in the UE shall apply to DCH, and the same rules shall apply for TF
selection on RACH and CPCH.

When the UE output power is approaching the UE maximum transmit power and the inner loop for power
control can no longer be maintained for coverage reasons, the UE shall adapt to the TFC corresponding to
the next lower bit rate, i.e. the TFC with the present total bit rate shall not be used. I the bit rate of alogica
channel carrying data from a codec supporting variable-rate operation is impacted, the codec datarate shall
be adopted accordingly.



The UE shall continuously estimate whether the maximum transmitter power is sufficient to support the
temporarily blocked TFC. When the maximum transmitter power is sufficient, the temporarily blocked
TFC shall again be considered in the TFC selection.

The maximum UE power is defined in [25.331].
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3.1

Definitions and abbreviations

Definitions

For the purposes of the present document, the terms and definitions givenin [9] and [1] apply.

3.2

Abbreviations

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

ASC
BCCH
BCH
C-

CCCH

CPCH

DCCH
DCH
DL

DSCH
DTCH
FACH
FAUSCH
FDD
L1

L2

L3
MAC
PCCH
PCH
PDU
PHY
PhyCH
RACH
RLC
RNC
RNS
RNTI
RRC
SAP
SDU
SHCCH
SRNC
SRNS
TDD
TFCI
TFI
U_

UE
uL
UMTS

Access Service Class
Broadcast Control Channel
Broadcast Channel
Control-

Common Control Channel

Common Packet Channel (UL)

Dedicated Control Channel
Dedicated Channel
Downlink

Downlink Shared Channel
Dedicated Traffic Channel
Forward Link Access Channel

Fast Uplink-Signalting-Channel
Fregquency Division Duplex

Layer 1 (physical layer)

Layer 2 (datalink layer)

Layer 3 (network layer)

Medium Access Control

Paging Control Channel

Paging Channel

Protocol Data Unit

Physical layer

Physical Channels

Random Access Channel

Radio Link Control

Radio Network Controller

Radio Network Subsystem

Radio Network Temporary |dentity
Radio Resource Control

Service Access Point

Service Data Unit

Shared Channel Control Channel
Serving Radio Network Controller
Serving Radio Network Subsystem
Time Division Duplex

Transport Format Combination Indicator
Transport Format Indicator

User-

User Equipment

Uplink

Universal Mobile Telecommunications System

3GPP
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USCH Uplink Shared Channel

UTRA UMTS Terrestria Radio Access

UTRAN UMTS Terrestria Radio Access Network
4 General

4.1 Objective

The objective isto describe the MAC architecture and the different MAC entities from a functiona point of view.

4.2 MAC architecture

The description in this subclause is amodel and does not specify or restrict implementations.

According to the RRC functions the RRC is generally in control of the internal configuration of the MAC.

4.2.1 MAC Entities

The diagrams that describe the MAC architecture are constructed from MAC entities.
The entities are assigned the following names.
- MAC-bisthe MAC entity that handles the following transport channels:
- broadcast channdl (BCH)
- MAC-c/sh, isthe MAC entity that handles the following transport channels:
- paging channel (PCH)
- forward access channel (FACH)
- random access channel (RACH)
- common packet channel (UL CPCH). The CPCH existsonly in FDD mode.
- downlink shared channel (DSCH)

uplink shared channel (USCH). The USCH existsonly in TDD mode.
- MAC-disthe MAC entity that handles the following transport channels:
- dedicated transport channels (DCH)
The exact functions completed by the entities are different in the UE from those completed in the UTRAN.

NOTE: When aUE isallocated resources for exclusive use by the bearers that it supports the MAC-d entities
dynamically share the resources between the bearers and are responsible for selecting the TFI/ TFCI that
isto be used in each transmission time interval.

4.2.2 MAC-b
The following diagram illustrates the connectivity of the MAC-b entity in a UE and in each cell of the UTRAN.
MAC-b represents the control entity for the broadcast channel (BCH).

Thereis one MAC-b entity in each UE and one MAC-b in the UTRAN for each cell.

3GPP
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The MAC Control SAP isused to transfer Control information to MAC-b.

The MAC-b entity is located in the Node B.

BCCH Mac Control

MAC-b

<|>

BCH

Figure 4.2.2.1: UE side and UTRAN side architecture

4.2.3  Traffic Related Architecture - UE Side
Figure 4.2.3.1 illustrates the connectivity of MAC entities.

The MAC-c/sh controls access to common transport channels.

The MAC-d controls access to dedicated transport channels.

If logical channels of dedicated type are mapped to common channels then MAC-d passes the datato MAC-c/sh viathe
illustrated connection between the functional entities.

The mapping of logical channels on transport channels depends on the multiplexing that is configured by RRC.
The MAC Control SAP is used to transfer Control information to each MAC entity.

3GPP
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PCCH BCCH CCCH CTCH SHCCH MAC Control DCCH DTCH DTCH

(TDgonly)

—

MAC-d

MAC-c/sh

PCH FACH FACH RACH CPCH USCH USCH DSCH DScH DCH DCH

(FDD only) (TDD only) ( TDD only)

Figure 4.2.3.1: UE side MAC architecture

42.3.1 MAC-c/sh entity — UE Side
Figure 4.2.3.1.1 shows the UE side MAC-c/sh entity.

The following functionality is covered:

TCTF MUX:

- thisfunction represents the handling (insertion for uplink channels and detection and deletion for downlink
channels) of the TCTF field in the MAC header, and the respective mapping between logical and transport
channels.

The TCTF field indicates the common logical channel type, or if adedicated logical channel is used;

add/read UE Id:

- theUE Idisadded for CPCH and RACH transmissions
- the UE Id, when present, identifies data to this UE.

UL: TF selection:

- intheuplink, the possibility of transport format selection exists.
In case of CPCH transmission, a TF is selected based on TF availability determined from status information
on the CSICH,;

ASC selection:

- For RACH, MAC indicates the ASC associated with the PDU to the physical layer. For CPCH, MAC may
indicate the ASC associated with the PDU to the Physical Layer. Thisisto ensure that RACH and CPCH
messages associated with a given Access Service Class (ASC) are sent on the appropriate signature(s) and
time slot(s). MAC also applies the appropriate back-off parameter(s) associated with the given ASC;

scheduling /priority handling

- thisfunctionality is used to transmit the information received from MAC-d on RACH and CPCH based on
logical channd priorities. Thisfunction isrelated to TF selection.

TFC selection

- transport format and transport format combination selection according to the transport format combination
set (or transport format combination subset) configured by RRC is performed,

The RLC provides RLC-PDUs to the MAC, which fit into the available transport blocks on the transport channels.

3GPP
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Thereis one MAC-c/sh entity in each UE.

PCCH SHCCH (TDD only) CCCH CTCH BCCH MAC — Control

D

MAC-c/sh

add/read
UE Id
[ TCTF MUX ]

to MAC —d

Scheduling/Priority
Handling (1)

TEC UL: TF selection
selection

ASC ASC
selection selection (2)

1 — 1
<I_\I | | J— T T T T
PCH  DSCH DSCH USCH USCH FACH FACH RACH CPCH (FDD only)
TDDonly TDD only
DL Downlink UE User Equipment
TF Transport Format uL Uplink
TFC Transport Format Combination
TCTF Target Channel Type Field
1) Scheduling /Priority handling is applicable for

CPCH, details are ffs.
(@3] In case of CPCH, ASC selection may be applicable
for AP preamble.

Figure 4.2.3.1.1: UE side MAC architecture / MAC-c/sh details

4.2.3.2 MAC-d entity — UE Side
Figure 4.2.3.2.1 shows the UE side MAC-d entity.

The following functionality is covered:

Channel switching

- dynamic transport channel type switching is performed by this entity, based on decision taken by RRC. This
isusually related to a change of radio resources.

CIT MUX:

- the C/T MUX is used when multiplexing of several dedicated logical channels onto one transport channel is
used. An unambiguous identification of the logica channel isincluded.

Ciphering:

- Ciphering for transparent mode data to be ciphered is performed in MAC-d. Details about ciphering can be
foundin[10].

Deciphering:

- Deciphering for ciphered transparent mode datais performed in MAC-d. Details about ciphering can be
foundin[10].

UL TFC selection:

- transport format and transport format combination selection according to the transport format combination
set (or transport format combination subset) configured by RRC is performed.

3GPP
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-—FAUSCH Handling:

The MAC-d entity is responsible for mapping dedicated logical channels for the uplink either onto dedicated transport
channéls or to transfer datato MAC-c/sh to be transmitted via common channels.

One dedicated logical channel can be mapped simultaneously onto DCH and DSCH,;

The MAC-d entity has a connection to the MAC-c/sh entity. This connection is used to transfer datato the MAC-c/sh to
transmit data on transport channels that are handled by MAC-c/sh (uplink) or to receive data from transport channels
that are handled by MAC-c/sh (downlink).

Thereis one MAC-d entity in the UE.

3GPP



Error! No text of specified style in document. 8 Error! No text of specified style in document.

MAC Control DCCH DTCH DTCH

MAC-d
[ Channel switching ]
[ Deciphering ]
C/T MUX
t0 MAC-C/SN o
UL: TFC selection
Ciphering
_ R ——
DCH DCH
DL Downlink RNTI Radio Network Temporary |dentity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
Notel: For DCH and DSCH different scheduling Note 2 : The TFC selection place is under discussion
mechanism apply Note 3 : Ciphering is performed in MAC-d only for
transparent RLC mode
MAC Control DCCH DTCH DTCH
MAC-d
[ Channel switching ]
[ Deciphering ]
C/T MUX
10 MAC-C/SN e CIT
MUX
UL: TFC selection
[ Ciphering | [ FAUSCH Handling ]
DCH DCH FAUSCH
DL Downlink RNTI Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink

Notel: For DCH and DSCH different scheduling
mechanism apply

Figure 4.2.3.2.1: UE side MAC architecture / MAC-d details

4.2.4 Traffic Related Architecture - UTRAN Side

Figure 4.2.4.1 illustrates the connectivity between the MAC entities from the UTRAN side.

3GPP
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It issimilar to the UE case with the exception that there will be one MAC-d for each UE and each UE (MAC-d) that is
associated with a particular cell may be associated with that cell's MAC-c/sh.

MAC-c/shislocated in the controlling RNC while MAC-d islocated in the serving RNC.

The MAC Control SAP isused to transfer Control information to each MAC entity belongs to one UE.

PCCH BCCH CCCH CTCH SHCCH MAC Control

—CID—CID—CID—CID—QISW—

MAC Control DCCH DTCH DTCH

T—%F&

MAC-d L

MAC-c/sh
' ' [ [
PCH FACH FACH RACH CPCH USCH USCH DSCH DSCH DCH  DCH
FDDonly  TDDonly TDD only lur or local

Figure 4.2.4.1: UTRAN side MAC architecture

42.4.1 MAC-c/sh entity — UTRAN Side
Figure 4.2.4.1.1 showsthe UTRAN side MAC-c/sh entity. The following functionality is covered:
- the Scheduling — Priority Handling;

- thisfunction manages FACH and DSCH resources between the UE's and between data flows according to
their priority.

- TCTFMUX

- thisfunction represents the handling (insertion for downlink channels and detection and deletion for uplink
channels) of the TCTF field in the MAC header, and the respective mapping between logical and transport
channels.

The TCTF field indicates the common logical channel type, or if adedicated logical channel is used;

- UEId Mux;

- for dedicated type logical channels, the UE Id field in the MAC header is used to distinguish between UEs;
- TFC selection:

- inthedownlink, transport format combination selection is done for FACH and PCH and DSCHs;
- demultiplex;

- for TDD operation the demultiplex function is used to separate USCH data from different UES, i.e. to be
transferred to different MAC-d entities;

- DL code alocation;
- thisfunctionis used to indicate the code used on the DSCH,;
Flow control is provided to MAC-d.

The RLC provides RLC-PDUsto the MAC, which fit into the available transport blocks on the transport channels.

3GPP
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Thereis one MAC-c/sh entity in the UTRAN for each céll;

PCCH BCCH SHCCH CCCH CTCH MAC — Control
MAC-c/sh
Flow Control to MAC —d
‘ MAC-c/sh / MAC-d
‘ TCTF MUX/ UE Id MUX J
‘ Scheduling / Priority Handling/ Demux ]
[ ]

TFC selection DL: code
allocation

PCH  FACH FACH DSCH DSCH USCH USCH RACH CPCH
TDDonly  TDD only (FDD only )
DL Downlink UE User Equipment
TF Transport Format uL Uplink
TFC Transport Format Combination

Figure 4.2.4.1.1: UTRAN side MAC architecture / MAC-c/sh details

4.2.4.2 MAC-d entity — UTRAN Side
Figure 4.2.4.2.1 showsthe UTRAN side MAC-d entity.
The following functionality is covered:
- channel switching:
- dynamic transport channel type switching is performed by this entity, based on decision taken by RRC;
- CIT MUX box;

- thefunction includes the C/T field when multiplexing of severa dedicated logical channels onto one
transport channel is used.

- Priority setting;
- Thisfunctionis responsible for priority setting on data received from DCCH / DTCH,;
- Ciphering;

- Ciphering for transparent mode data to be ciphered is performed in MAC-d. Details about ciphering can be
found in [10].

- Deciphering;

- Deciphering for ciphered transparent mode datais performed in MAC-d. Detail s about ciphering can be
foundin[10].

- DL Scheduling/Priority handling;

3GPP
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- inthe downlink, scheduling and priority handling of transport channelsis performed within the alowed
transport format combinations of the TFCS assigned by the RRC.
- Flow Contral;

- aflow control function exists toward MAC-c/sh to limit buffering between MAC-d and MAC-c/sh entities.
This function isintended to limit layer 2 signalling latency and reduce discarded and retransmitted data as a
result of FACH or DSCH congestion. For the lur interface thisis specified in [11].

-—FAUSCH control;
-—FAUSCH Handling indicates the function-inthe MAC-d-supports the FAUSCH, - details are fis;

A MAC-d entity using common channels is connected to a MAC-c/sh entity that handles the scheduling of the common
channels to which the UE is assigned and DL (FACH) priority identification to MAC-c/sh;

A MAC-d entity using downlink shared channel is connected to a MAC-c/sh entity that handles the shared channelsto
which the UE is assigned and indicates the level of priority of each PDU to MAC-c/sh;

A MAC-d entity is responsible for mapping dedicated logical channels onto the avail able dedicated transport channels
or routing the data received on aDCCH or DTCH to MAC-c/sh.

One dedicated logical channel can be mapped simultaneously on DCH and DSCH. Different scheduling mechanisms
apply for DCH and DSCH.

Thereisone MAC-d entity in the UTRAN for each served UE.

DCCH DTCH DTCH

MAC-Control
UE
Channel switching ]
CIT MUX Deciphering ]
/ Priority
setting
Flow Control MAC-d
to MAC-c/sh MAC—c/sh /

MAC-d

DL scheduling/

priority handling

I I
[ Ciphering ] [ FAUSCH Handling ]
I
DLH DLH FAUSCH
DL Downlink RNTI Radio Network Temporary Identity

TF
TFC

Transport Format
Transport Format Combination

UL

User Equipment
Uplink

Figure 4.2.4.2.1: UTRAN side MAC architecture / MAC-d details

4.3

The MAC operates on the channels defined bel ow; the transport channels are described between MAC and Layer 1, the
logical channels are described between MAC and RLC.

Channel structure

3GPP
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The following subclauses provide an overview, the normative description can be found in [2] and [3] respectively.

4.3.1 Transport channels
Common transport channel types are:

Random Access Channel(s) (RACH);

- Forward Access Channel(s) (FACH);
- Downlink Shared Channel(s) (DSCH);
- Common Packet Channel(s) (CPCH) for UL FDD operation only;
- Uplink Shared Channel(s) (USCH), for TDD operation only;
- Broadcast Channel (BCH);
- Paging Channel (PCH).
Dedicated transport channel types are:
- Dedicated Channel (DCH);

—Fast Uplink Signalting Channel (FAUSCH):
4.3.2 Logical Channels

The MAC layer provides data transfer services on logical channels. A set of logica channel typesis defined for
different kinds of datatransfer services as offered by MAC.

Each logical channel type is defined by what type of information is transferred.

43.2.1 Logical channel structure

The configuration of logical channel typesis depicted in figure 4.3.2.1.

Control Channel —71—— Broadcast Control Channel (BCCH)

Paging Control Channel (PCCH)
Dedicated Control Channel (DCCH)

Common Control Channel (CCCH)
Shared Channel Control Channel (SHCCH)

Traffic Channel —71— Dedicated Traffic Channel (DTCH)

Common Traffic Channel ( CTCH)

Figure 4.3.2.1: Logical channel structure

4322 Control Channels

Following control channels are used for transfer of control plane information only:
- Broadcast Control Channel (BCCH);
- Paging Control Channel (PCCH);
- Common Control Channel (CCCH);

3GPP
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- Dedicated Control Channel (DCCH);
- Shared Channel Control Channel (SHCCH).

4.3.2.3 Traffic Channels

Following traffic channels are used for the transfer of user plane information only:
- Dedicated Traffic Channel (DTCH);
- Common Traffic Channdl (CTCH).

4.3.3 Mapping between logical channels and transport channels
The following connections between logical channels and transport channels exist:

- BCCH isconnected to BCH and may also be connected to FACH,;

- PCCH is connected to PCH;

- CCCH is connected to RACH and FACH;

- DCCH and DTCH can be connected to either RACH and FACH, to CPCH and FACH, to RACH and DSCH, to
DCH and DSCH, or to a DCH;-the DCCH-can-be connected to FAUSCH;
DCCH and DTCH can be mapped to the USCH (TDD only);

- CTCH isconnected to FACH;
- SHCCH is connected to RACH and USCH/FACH and DSCH.

3GPP
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6.2 Relation between MAC Functions fand Transport Channels
abc-E
6.2.1 Relation between MAC Functions and Transport Channels_in
UTRAN
Table 6.2.1.1: UTRAN MAC functions corresponding to the transport channels
Associated | Logical |Trans-| TFE Priority | Priority | Sched- |ldentifi- Mux/ Mux/ Dynamic
MAC Ch port | Sele- |handling|handling| uling | cation | Demux on |Demux on transport CH
Functions Ch ction |between| (one of UEs | common |dedicated | switching
users user) transport | transport
CH CH
CCCH RACH X
DCCH RACH X X
DCCH |CPCH X X X
DCCH DCH X
Unlink DTCH RACH X X
_p—@) DTCH CPCH X X X
DTCH DCH X
SHCCH |[RACH X X
SHCCH |USCH X X
DTCH USCH X X X
DCCH |USCH X X X
BCCH BCH X
BCCH FACH X X X
PCCH PCH X X
CCCH FACH X X X X
CTCH FACH X X X
Downlink DCCH | FACH X X X X X
E DCCH DSCH X X X
DCCH DCH X X X
DTCH FACH X X X X X X
DTCH DSCH X X X X
DTCH DCH X X X X
SHCCH [FACH X X X X
SHCCH |DSCH X X X X

3GPP
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iated ical Sele- | handling | handling | uling Demux on | Demuxon | transport
MAC ction | between (one common | dedicated CH-
Fune users user) transport | transport | switching
tions CH CH
Uplink CCCH X
(Rx)
DCCH X
DCCH X X
DCCH X
DTCH X
DTCH X X
DTCH X
SHCCH X
SHCCH X X
DTCH X X X
DCCH X X X
Downlink | BCCH X
9
BCCH X X X
PCCH X X
CCCH X X X X
CTCH X X X
DCCH X X X X
DCCH X X X
DCCH X X X
DTCH X X X X X
DTCH X X X X
DTCH X X X X
SHCCH X X X X
SHCCH X X X X
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6.2.2 Relation of UE MAC functions corresponding to the Transport
Channel MAC Functions and Transport Channels_in UE
Table 6.2.2.1: UE MAC functions corresponding to the transport channels
unc- Logical | Transport TE Priority Identifica- | Mux/Demux | Mux/Demux Dynamic
tions Ch Ch Selection | handling tion on common on_ transport
data of transport dedicated channel
one user channels transport type
channels switching
CCCH RACH X
DCCH RACH X X X X
DCCH CPCH X X X X X
DCCH DCH X X X
Unlink DTCH RACH X X X X X
—p—@ DTCH CPCH X X X X X
DTCH DCH X X X X
SHCCH | RACH X
SHCCH | USCH X X X X
DCCH USCH X X X X
DTCH USCH X X X X
BCCH BCH
BCCH FACH X
PCCH PCH
CCCH FACH X
CTCH FACH X
Downlink becH EACH X X
ﬁ DCCH DSCH X
DCCH DCH X
DTCH FACH X X
DTCH DSCH X
DTCH DCH X
SHCCH | FACH X
SHCCH | DSCH X
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data of transport | dedicated | channel
one user channels | transport type-
channels | switching
Uplink | CCCH X
W)
DCCH X X X
DCCH X X X X
DCCH X X X
DTCH X X X X
DTCH X X X X
DTCH X X X X
SHCCH X
SHCCH X X X X
DCCH X X X X
DTCH X X X X
Downlink | BCCH
(Rx)
BCCH X
PCCH
CCCH X
CTCH X
DCCH X
DCCH X
DCCH X
DTCH X
DTCH X
DTCH X
SHCCH X
SHCCH X
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9 Elements for peer-to-peer communication

9.1 Protocol data units

9.1.1 General

A MAC PDU isabit string, with alength not necessarily a multiple of 8 bits. In the drawingsin clause 9.1, bit strings
are represented by tablesin which the first bit is the leftmost one on the first line of the table, the last bit is the rightmost
on the last line of the table, and more generally the bit string is to be read from left to right and then in the reading order
of thelines.

Depending on the provided service, MAC SDUs are hit strings; with any non null length, or bit strings with an integer
number of octetsin length. An SDU isincluded into aMAC PDU from first bit onward.

In the UE for the uplink, all MAC PDUs delivered to the physical layer within one TTI are defined as Transport Block
Set (TBS). It consists of one or severa Transport Blocks, each containing one MAC PDU. The Transport Blocks, shall
be transmitted in the order as delivered from RLC. When multiplexing of RLC PDUs from different logical channelsis
performed on MAC, the order of al Transport Blocks originating from the same logical channel shall be the same as the
order of the sequence delivered from RLC. The order of the different logical channelsina TBSis set by the MAC
protocol.

9.1.2 MAC Data PDU

MAC PDU consists of an optional MAC header and a MAC Service Data Unit (MAC SDU), seefigure 9.1.2.1. Both
the MAC header and the MAC SDU are of variable size.

The content and the size of the MAC header depends on the type of the logical channel, and in some cases none of the
parametersin the MAC header are needed.

The size of the MAC-SDU depends on the size of the RLC-PDU, which is defined during the setup procedure.

MAC header MAC SDU
TCTF | VE-d | ygd | o MAC SDU
type

Figure 9.1.2.1: MAC data PDU

9.2 Formats and parameters
NOTE: MAC header field encodings as specified in this clause with designation "Reserved" are forbidden to be
used by a sender in this version of the protocol.
9.2.1 MAC Data PDU: Parameters of the MAC header
The following fields are defined for the MAC header:

- Target Channel Type Field
The TCTFfield isaflag that provides identification of the logical channel class on FACH and RACH transport
channels, i.e. whether it carries BCCH, CCCH, CTCH, SHCCH or dedicated logical channel information. The

Note that the size of the TCTF field of FACH for FDD is either 2 or 8 bits depending of the value of the 2 most
significant bits and for TDD is either 3 or 5 bits depending on the value of the 3 most significant bits. The TCTF
of the RACH for TDD iseither 2 or 4 bits depending on the value of the 2 most significant bits.
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Table 9.2.1.1: Coding of the Target Channel Type Field on FACH for TDD

TCTF Designation
000 BCCH
001 CCCH
010 CTCH
01100 DCCH or DTCH
over FACH
01101- Reserved
01111 (PDUs with this coding
will be discarded by this
version of the protocol)
100
SHCCH
101-111 Reserved
(PDUs with this coding
will be discarded by this
version of the protocol)

Table 9.2.1.2: Coding of the Target Channel Type Field on FACH for FDD

TCTF Designation
00 BCCH
01000000 CCCH
01000001- Reserved
01111111 (PDUs with this coding
will be discarded by this
version of the protocol)
10000000 CTCH
10000001- Reserved
10111111 (PDUs with this coding
will be discarded by this
version of the protocol)
11 DCCH or DTCH
over FACH

Table 9.2.1.3: Coding of the Target Channel Type Field on USCH or DSCH (TDD only)

TCTF Designation
0 SHCCH
1 DCCH or DTCH over
USCH or DSCH

Table 9.2.1.4: Coding of the Target Channel Type Field on RACH for FDD

TCTF Designation
00 CCCH
01 DCCH or DTCH
over RACH
10-11 Reserved

(PDUs with this coding
will be discarded by this
version of the protocol)
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Table 9.2.1.5: Coding of the Target Channel Type Field on RACH for TDD

TCTF Designation
00 CCCH
0100 DCCH or DTCH
Over RACH
0101- Reserved
0111 (PDUs with this coding
will be discarded by this
version of the protocol)
10 SHCCH
11 Reserved
(PDUs with this coding
will be discarded by this
version of the protocol)
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11.3 Control of CPCH transmissions for FDD

The MAC layer controls the timing of CPCH transmissions on transmission time interval level (i.e. on 10, 20, 40 or 80
ms level); the timing on access slot level is controlled by L1. MAC controls the timing of each initial preamble ramping
cycle aswell as successive preamble ramping cycles. Note that retransmissionsin case of erroneously received CPCH
message part are under control of higher layers. The CPCH transmissions are performed by the UE asillustrated in
| figures11.3.1 and 11.3.2. Figure 11.3.1 procedure is used for-initial access to CPCH channel. Figure 11.3.2 procedure is
| used for CPCH M essage transmission each-FF}-transmission while the UE-continues totransmit-on the CPCH channel
obtained using the-initial access procedure.

MAC receives the following CPCH transmission control parameters from RRC with the CMAC-Config-REQ primitive:
- persistence values, P (transmission probability for each Transport Format (TF));
- N_access fails, maximum number of preamble ramping cycles,
- NF_max, maximum number of frames for CPCH transmission for each TF;
- N_EOT (Number of EOT for release of CPCH transmission);
- Backoff control timer parameters,
- Transport Format Set;
- Initial Priority Delays;

- Channel Assignment Active indication.

The MAC procedure for transmrsaaa@eatral—ef—mmal—CPCH access shall be invoked when the UE has data to transmit-
. ! . The steps for this procedure are listed

1. the UE shall get all UL transmit parameters (CPCH Set Info, P values, Initial Priority Delays, N_access fails,
NF_max, N_EQOT etc) from RRC;

2. the UE shall reset counter M, EOT counter and Frame Count Transmitted (FCT) upon entry to theinitial access
procedure;

| 3. the UE shall-send-a PHY-CPCH-Status- REGQ-to-Layer-1-to-obtain CPCH-TF-subset-status-H-Layer 1 returns-an-

| error-message;-the UE-shall-inerement-counter-M-—IH-if counter M isequal to N_access fails, the UE shall
execute an access failure error procedure and the CPCH access procedure ends. If counter M isless than

| N_access fails, the UE shall send aPHY-CPCH_ Status-REQ to Layer 1 to obtain CPCH TF subset status. If

| Layer 1 returns an error message, the UE shall increment counter M and the procedure shall continue from step
3. If Layer 1 returnsaPHY-CPCH_ Status-CNF message, which includes a TF subset indicating the currently
available TFs of the requested TF subset, the procedure shall continue from step 4;

4. the UE shall initialise the Busy Table with the CPCH TF subset status from Layer 1. Those TFsin the TF subset
of the Layer 1 PHY-CPCH_Status-CNF response will be marked available. All other TFswill be marked busy;

5. if al TFs are not marked busy, the procedure shall proceed from step 6. iIf all TFsare marked busy, the UE

shall reﬁet and start timer Tbocl Wart untll tl mer expl ry, and mcrement counter M. ##eauntepMasequal%

6. the UE shall update all UL transmit parameters from RRC;

7. UE shall select aTF from the set of available TFslisted in the Busy Table. UE shall use the CPCH channel
capacity (transport block set size, NF_max, and TTI interval), and Busy Table information to select one CPCH
TF for L1 to access. The UE may select a TF, which uses alower datarate and alower UL Tx power than the
maximum UL Tx power allowed.;

8—UE shall implement atest based on the Persistence value (P) to determine whether to attempt accessto the
selected CPCH TF. If accessis alowed, the procedure shall continue from step 9.the UE-may-Hmplement-an-
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IEtoMoeGPGHaee&e& If the P teﬂ do& not a Iow access the procedure shall contl nue from step 8;

8. the selected CPCH TF shall be marked busy inthe Busy Table. If all TFs are marked busy, the UE shall reset
and start tl mer Tbocl wait untll tl mer expl ry, andl ncrement counter M- Jrﬁeounteerrsequal%NaeeeesﬁfarLs

thanNﬁaee&esﬁfaiJrs theiFheproeedureshaHand conti nuefrom step 3. 1f aII TFs are not marked buw, the UE
shall resume the procedure from step 6;

9. the UE may implement an initial delay based on ASC of the data to be transmitted, then shall send a PHY -
Access-REQ with the selected TF to L1 for CPCH access . after-After the UE has sent the accessrequest to L1,
L1 shall return a PHY -Access-CNF including one of five access indicationsto MAC as shown in figure 11.3.1.
If the L1 accessindication is that access is granted, then UE shall continue from step 14.execute-the-transmission

-the selected TF-and-the initia-aceess procedure-ends.; For the cases of
the other Layer 1 responses, the procedure shall continue from step 10, 11, or 12 respectively.

10.if L1 accessindication is no AP-AICH received or no CD-AICH recerved the UE shall reset and start timer
Tboc3 wait untrl ti mer expr ry, and increment counter M.

N—aeeeﬁ—talJrstheThe UE shaII proceed from step 3

11.if L1 accessindication is AP-AICH_nak received, the UE shall reset and start timer Thoc2, wait until timer

expiry. and-If Channel Assignment (CA) is active, the UE shall proceed from step 13. If L1-aceessindicationis
AP- AJrGH—nak—reeeweeLandChannel Assi gnment (CA) is not active, the procedure shall continue from step 8:-

12.if L1 accessindication is CD-AICH signature mrsmatch the UE shaII reset and start timer Tboc4 wait until
ti mer expr ry, and mcrement counter M. . —a j ‘ -2

procedure shaII continue from step 3
13. the UE shaII m%me@bee&wamun%mwy-andmcrement counter M. tﬁeeuntepM—rsequal—

esS e error-pro ang-the —

14. the UE shall build a transport block set for the next TTI;

152. if the sum of the Frame Count Transmitted counter plusN_TTI (the number of framesin the next TTI) is
greater than NF_max, the UE shall exit this procedure and start the MAC procedure for CPCH transmission of
thefirst TTI. This shall release the CPCH channel in use and the UE will contend again for a new CPCH channel
to continue transmission. If the sum of the Frame Count Transmitted counter plus N_TT Ithe-number-of-frames+n
the-next T isless than or equal to NF_max, the UE shall send a PHY -Data-REQ with the transport block set to
L1 to continue transmission on the CPCH channel which has previously been accessed;

164. if the L1 returns PHY -Status-IND indicating normal transmission, the procedure shall continue from step

175. H-1f L1 returns PHY -Status-IND indicating abnormal situation, the UE shall execute an abnormal situation
handling procedure and the CPCH Nth-TFlmessage transmission procedure ends. Reasons for abnormal situation
may include the following:

- emergency stop was received;
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- dtart of Message Indicator was not received;
- L1 hardware failure has occurred;

- out of synch has occurred;

175. he urns PH atus-IND-indicating-normal-transmission;-then-the UE shall increment the Frame
Count Transmitted (FCT) counter by thelength-ef-the N_TTI just transmitted. If the UE has more data to
transmit, the procedure shall continue from step 14:-and-the-procedure-ends:

18. the UE shall builds the next TT|-transpert-block-set with zero sized transport block set. If the sum of the Frame
Count Transmitted counter plus N TTI islessthan or equal to NF_max and if the sum of the EOT counter plus
N_TTIl islessthan or equal to N _EOT, the procedure shall continue from step 19. Otherwise, the procedure
ends;

19. UE shall send a PHY -Data-REQ with zero sized transport block set to L1 to stop transmission on the CPCH
channel which has previously been accessed, both the EOT and the FCT counters shall be incremented by
N_TTI and the procedure shall continue from step 18.

Table 11.3: CPCH Backoff Delay Timer Values

Timer Based on parameter Fixed/random
Tsoci (all Busy) NF_bo_all_busy Random
Teoc2 (channel Busy)  [NS_bo_busy Fixed
Tsocs (no AICH) NF bo no_aich Fixed
Teoca (Mismatch) NF_bo_mismatch Random

For Tgocy, UE shall randomly select atimer value at each execution of the timer. A uniform random draw shall be made
to select an integer number of frames within the range [0, NF_bo_mismatch]. For Tgoc;, UE would randomly select a
timer value at each execution of the timer. A uniform random draw shall be made to select an integer number of frames
within the range [0, NF_bo_all busy].

NOTE: Backoff parameter range and units are specified in TS 25.331, RRC Protocol Specification.
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Start CPCH access NOTE: This procedureis selected by MAC

when there is CPCH data to send and the UE is not
| Get al CPCH Transmit Parameters from RRC. | transmitting on CPCH.

| SetM, EOT counter and Frame Count Transmitted(FCT) =0 |
> | Increment M

M< N_access fails?

] Send PHY -CPCH_Status-REQ to L1 to
Accessfailure get CPCH TF subset status.
Error

. Normal PHY-CPCH, Status CN

Use PHY -CPCH_Status-CNF to initialize Busy - Wat T Wit Tgoca
Table with CPCH TF status. i ]
|
Increment M | Y
All TFsBusy?_
N

d
|

| Update all CPCH Transmit Parameters from RRC.

Select available CPCH
TF, R(random)

Walt TBOC3
A N
Mark TF Busy
Execute priority delay. Send
PHY -Access-REQ for selected N
TFto Layer 1 for access attempt.
Y

Wait Teocz

Y

Layer 1 PHY -Access-CNF responses:
A:no AP_AICH received
B: no CD_AICH received
CCPCH Message Transmission> C: access granted

D: CD_AICH signature mismatch, collision
E: AP_AICH_nak received
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Start CPCH access NOTE: This procedureis selected by MAC when

there is CPCH datato send and the UE is not

Release 1999

| Getall CPCH Transmit ParametersfromRRC. | transmitting on CPCH.
I
| Set M, EOT counter and Frame Count Transmitted(FCT) =0 | I
i< | Increment M
M< N_access fails? v
fail Send PHY-CPCH_Status-REQ to L1 to
Accessfallure get CPCH TF subset status.
/ rror
« Norm PHY-CPCH_Status-
CNF?
Use PHY-CPCH_Status-CNF to initialize Busy Wait Tsoc Wit Tsoca
Table with CPCH TF status.

Increment M | Y
All TFsBusy?
N

o
|

| Update all CPCH Transmit Parameters from RRC.

Select available CPCH
TF, R(random)

Wait Teocs
A N
R<P? +
v Mark TF Busy

Execute priority delay. Send
PHY -Access-REQ for selected N
TF to Layer 1 for access attempt.

\ 4

Wait Tsocz

> AICH received
B: no CD_AICH received

C: access granted
D: CD_AICH signature mismatch, collision
E: AP_AICH_nak received

- A C
A:no AP _Al

Figure 11.3.1: CPCH transmission control procedure for-initial access (informative)
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(CPCH M essage TransmissicD

>

| Build next TTI transport block set. |

—»

Build next TTI transport block set
with zero sized transport block.

rame Count Transmitt
+N_TTI < NFmax?2

Send PHY -Data-REQ with
transport block set to Layer 1
to
continue transmission on
currently accessed CPCH

l

EOT counter +N_TTI
<N_EOT?

S End
Abnormal situation Layer 1 status?_
Normal transmission, Send PHY -Data-REQ with zero
Gbnormal Situation handli @ transport blocks sent sized transport block set to Layer 1
to
stop transmission on currently
Increment Frame Count Transmitted (FCT) accessed CPCH channel.

by N_TTI |

Increment EOT and FCT counters
by N_TTI

Is there any more data N
to transmit ?
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NOTE: This procedure is selected by MAC when
( Start Nth T ) thereis CPCH data to send while the UE has
access to a CPCH channel.

€re any dgta to tran

v Build next TTI transport block set
with zero sized transport block.

Build next TTI transport block set.

ame Count Transmi
+TTIl < NF max?

Frame Count Transn;i tted

counter +TTI
N_EOT?

CStart CPCH access )

Send PHY -Data-REQ with
transport block set to Layer Y

lto rocedure

continue transmission on

currently accessed CPCH

Send PHY -Data-REQ with zero
sized transport block set to Layer 1
to
stop transmission on currently
accessed CPCH channel.

y

Increment EOT counter
for one TTI

Increment Frame Count Transmitted (FCT)
for one TTI

Abnormal situation
bnormal situatio Layer 1 status?

Gbnormal Situation handli@

Normal transmission,
transport blocks sent

Figure 11.3.2: CPCH transmission control procedure for CPCH Message TransmissionNth-FF
(informative)
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10 Handling of unknown, unforeseen and erroneous
protocol data

Thelist of error casesisreported below:

a) Use of reserved coding in the MAC header




If the MAC entity receives a Data PDU with a header field using a value marked as reserved for
this version of the protocol-reserved-coding, it shall discard the PDU, unless explicitly mentioned
otherwise.:

b) Inconsistent MAC header

If the MAC entity receives adata PDU with a header inconsistent with the configuration received
from RRC, it shall discard the PDU. E.qg.: In case DTCH is mapped to RACH/FACH, the MAC
entity shall discard aPDU with a C/T field indicating a logical channel number that is not

configured.
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8.2 Primitives between MAC and RLC

8.2.1 Primitives

The primitives between MAC layer and RLC layer are shown intable 8.2.1.1.

Table 8.2.1.1: Primitives between MAC layer and RLC layer

Generic Name Type Parameters
Request | Indication | Response | Confirm
MAC-DATA X X Data, Number of

transmitted RLC
PDUs, BO, UE-ID
type indicator, TD
(note)
MAC-STATUS X X No_PDU,
PDU_Size, BO,
{Tx_status

NOTE:  TDD only.

MAC-DATA-Reqg/Ind:

- MAC-DATA-Req primitive is used to request that an upper layer PDU be sent using the procedures for the
information transfer service;

-  MAC-DATA-Ind primitive indicates the arrival of upper layer PDUs received within one transmission time
interval by means of the information transfer service.

MAC-STATUS-Ind/Resp:

- MAC-STATUS-Ind primitive indicates to RLC for each logical channel the rate a which it may transfer datato
MAC. Parameters are the number of PDUs that can be transferred in each transmission time interval and the
PDU sizeg; it is possible that MAC would use this primitive to indicate that it expects the current buffer
occupancy of the addressed logical channel in order to provide for optimised TFC selection on transport
channels with long transmission timeinterval. At the UE, MAC-STATUS-Ind primitive shalis also be-used to
indicate from MAC to RLC that MAC has requested data transmission by PHY (i.e. PHY-DATA-REQ has
been sentsubmitted, see Fig. 11.2.2.1), or that transmission of an RLC PDU on RACH or CPCH has failed due
to exceeded preamble ramping cycle counter.

- MAC-STATUS-Resp primitive enables RLC to acknowledge aMAC-STATUS-Ind. It is possiblethat RLC
would use this primitive to indicate that it has nothing to send or that it isin a suspended state or to indicate the
current buffer occupancy to MAC.

8.2.2 Parameters
a) Data

- it containsthe RLC layer messages (RLC-PDU) to be transmitted, or the RLC layer messages that have been
received by the MAC sub-layer.

b) Number of transmitted RLC PDUs (indication only):
- indicates the number of RLC PDUs transmitted within the transmission time interval, based on the TFI value.
¢) Buffer Occupancy (BO):

- the parameter Buffer Occupancy (BO) indicates for each logical channel the amount of datathat is currently
queued for transmission (or retransmission) in RLC layer.

d) RX Timing Deviation (TD), TDD only:



- it containsthe RX Timing Deviation as measured by the physical layer for the physical resources carrying the
data of the Message Unit. This parameter is optiona and only for Indication. It is needed for the transfer of
the RX Timing Deviation measurement of RACH transmissions carrying CCCH datato RRC.

€) Number of PDU (No_PDU):

- gpecifiesthe number of PDUsthat the RLC is permitted to transfer to MAC within atransmission time
interval.

f) PDU Size (PDU_Size):

- gpecifiesthe size of PDU that can be transferred to MAC within atransmission time interval.

g) UE-ID Type Indicator:

- indicates the UE-ID typeto beincluded on MAC for aDCCH when it is mapped onto a common transport
channd (i.e. FACH, RACH or CPCH).

h) tTXx_Sstatus:

- when set to value “transmission unsuccessful” this parameter indicates to RLC that transmission of an RLC
PDU failed in the previous Transmission Time Interval, when set to value “transmission successful” this
parameter indicates to RLC that the requested RLC PDU(s) has been submitted for transmissiontted by the
physical layer.

8.3 Primitives between MAC and RRC

8.3.1 Primitives

The primitives between MAC and RRC are shown in table 8.3.1.1.

Table 8.3.1.1: Primitives between MAC sub-layer and RRC

Generic Name Type Parameters
Request | Indication | Response | Confirm
CMAC-CONFIG X UE information elements

RAB information elements
TrCH information elements
RACH transmission control
elements

Ciphering elements

CPCH transmission control
elements

CMAC-MEASUREMENT X X Measurement information
elements (for Request),
Measurement result (for
Indication)

CMAC-STATUS X Status info.

CMAC-CONFIG-Reqg:

CMAC-CONFIG-Req is used to request for setup, release and configuration of alogica channel, e.g. RNTI
alocation, switching the connection between logical channels and transport channels, TFCS update or
scheduling priority of logical channel.

CMAC-MEASUREMENT-Reg/I nd:

CMAC-MEASUREMENT-Req is used by RRC to request MAC to perform measurements, e.g. traffic volume
measurements;

CMAC-MEASUREMENT-Ind is used to notify RRC of the measurement result.

CMAC-STATUS-Ind:



CMAC-STATUS-Ind primitive notifies RRC of status information.

8.3.2 Parameters

See TS 25.331 for a detailed description of the UE, RB and TrCH information elements.

a)

b)

0)

d)

f)

9)

h)

UE information e ements
S-RNTI

SRNC identity

C-RNTI

Activation time

RB information elements
RB multiplexing info (Transport channel identity, Logical channel identity, MAC logical channe priority)

TrCH information € ements
Transport Format Combination Set

M easurement information elements
Mode (periodic, event-triggered or both)
THu

THL

M easurement quantity identifiers
Report Interval

M easurement result
Mode

Reporting Quantities
Event ID (4aor 4b)

Statusinfo
when set to value “transmission unsuccessful” this parameter indicates to RRC that transmission of aTM RLC
PDU failed (dueto e.g. Maximum number of preamble ramping cycles reached for RACH in FDD), when set to

value “transmission successful” this parameter indicates to RRC that the requested TM RLC PDU(s) has been
submitted for transmissiontted by the physical layer.

RACH transmission control elements

Set of ASC parameters (identifier for PRACH partitions, persistence val ues)

Maximum number of preamble ramping cycles M

Minimum and maximum number of time units between two preamble ramping cycles, Ngoimin @d Neo1max

Ciphering lements
Ciphering mode

Ciphering key

Ciphering sequence number

CPCH transmission control elements

CPCH persistency value, P for each Transport Format

Maximum number of preamble ramping cycles N agcess fils

NF_max (Maximum number of frames for CPCH transmission for each Transport Format)
N_EOT (Number of EOT for release of CPCH transmission)

Backoff control timer parameters

Transport Format Set

Initial Priority Delays

Channel Assignment Activeindication



11.2 Control of RACH transmissions

The MAC sublayer isin charge of controlling the timing of RACH transmissions on transmission time interval level
(i.e. on 10 ms-radio frame level; the timing on access slot level is controlled by L1). Note that retransmissions in case of
erroneously received RACH message part are under control of higher layers, i.e. RLC, or RRC for CCCH (and SHCCH
for TDD).

11.2.1 Access Service Class selection

The physical RACH resources (i.e. access dots and preambl e signatures for FDD, timeslot and channelisation code for
TDD) may be divided between different Access Service Classesin order to provide different priorities of RACH usage.
It is possible for more than one ASC or for al ASCs to be assigned to the same access d ot/signature space.

Access Service Classes are numbered in the range 0 < i < NUmASC < 7 (i.e. the maximum number of ASCsis
NumASC+1 = 8). An ASC isdefined by an identifier i that defines a certain partition of the PRACH resources and an
associated persistence value P;. A set of ASC parameters consists of NUmASC+1 such parameters (i, P;), 1 =0, ...,
NumA SC. The PRACH partitions and the persistence values P; are derived by the RRC protocol from system
information (see TS 25.331[7]). The set of ASC parametersis provided to MAC with the CMAC-Config-REQ
primitive. The ASC enumeration is such that it corresponds to the order of priority (ASC 0 = highest priority, ASC 7 =
lowest priority). ASC 0 shall be used in case of Emergency Call or for reasons with equivalent priority.

At radio bearer setup/reconfiguration each involved logical channel isassigned aMAC Logical channel Priority (MLP)
intherange 1,...,8. When the MAC sublayer is configured for RACH transmission in the UE, these MLP levels shall be
employed for ASC selection on MAC.

The following ASC selection scheme shall be applied, where NumASC is the highest available ASC number and
MinMLP the highest logical channel priority assigned to one logical channel:

- incasedl TBsinthe TB set have the same MLP, select ASC = min(NumASC, MLP);

- incase TBsin aTB set have different priority, determine the highest priority level MinMLP and select
ASC = min(NumASC, MinMLP).

11.2.2 Control of RACH transmissions for FDD mode
The RACH transmissions are controlled by the UE MAC sublayer as outlined in figure 11.2.2.1.

NOTE: Thefigure shal illustrate the operation of the transmission control procedure as specified below. It shall
not impose restrictions on implementation. MAC controls the timing of each initia preamble ramping
cycle aswell as successive preamble ramping cycles in case that none or a negative acknowledgement is
received on AICH.

MAC receives the following RACH transmission control parameters from RRC with the CMA C-CenfigCONFIG-REQ-
Reg primitive:

- aset of Access Service Class (ASC) parameters, which includes for each ASC, i=0,...,NumASC an
identification of a PRACH partition and a persistence value P; (transmission probability);

- maximum number of preamble ramping cycles M pa;

- range of backoff interval for timer Tgo, given in terms of numbers of transmission 10 mstime interval S Ngomax
and Ngoymin, applicable when negative acknowledgement on AICH is received.

When there is datato be transmitted, MAC selects the ASC from the available set of ASCs, which consists of an
identifier i of acertain PRACH partition and an associated persistence value P;. The procedure to be applied for ASC
selection is described in subclause 11.2.1.

Based on the persistence value P;, the UE decides whether to start the L1 PRACH transmission procedure (see

TS 25.214) in the present transmission time interval or not. If transmission is alowed, the PRACH transmission
procedure (starting with a preamble power ramping cycle) isinitiated by sending of a PHY -ACCESS-REQ primitive.
MAC then waits for access information from L1 via PHY -ACCESS-CNF primitive. If transmission is not allowed, a
new persistency check is performed in the next transmission timeinterval. The persistency check is repeated until
transmission is permitted.



When the preambl e has been acknowledged on AICH, L1 access information with parameter value "ready for data
transmission” isindicated to MAC with PHY-ACCESS-CNF primitive. Then data transmission is requested with PHY -
DATA-REQ primitive, and the PRACH transmission procedure shall be completed with transmission of the PRACH
message part according to L1 specifications._Successful completion (tTXx status) of the MAC transmission control
procedure shall beindicated to higher layer.

When PHY indicates that no acknowledgement on AICH is received while the maximum number of preamble
retransmissions is reached (defined by parameter Preamble_Retrans Max on L1), a new persistency test is performed in
the next transmission timeinterval. The timer T, ensures that two successive persistency tests are separated by at | east
one 10 mstimeinterval.

In case that a negative acknowledgement has been received on AICH a backoff timer Tgo, is Started. After expiry of the
timer, persistence check is performed again. Backoff timer Tgoy IS Set to an integer number Ngo; of 10 mstime
intervals, randomly drawn within an interval 0 < Ngoimin < Ngo1 < Neoimax (With uniform distribution). Ngoimin and
Ngo1max May be set equal when afixed delay is desired, and even to zero when no delay other than the one due to
persistency is desired.

Before a persistency test is performed it shall be checked whether any new RACH transmission control parameters have
been received from RRC with CMAC-CenfigCONFIG-REQ-Req primitive. The latest set of RACH transmission
control parameters shall be applied.

If the maximum number of preamble ramping cycles M m iS exceeded, failure of RACH transmission shall be reported
to higher layer.

Both, transmission failure and successful completion of the MAC transmission control procedure, shall be
reportedindicated individually for each logical channel of which datawas included in the transport block set of that
access attempt. When transparent mode RLC is employed (i.e. for CCCH), transmission status shall-beis reported to
RRC with CMAC-STATUS-Ind primitive. For logical channels employing acknowledged or unacknow!ledged mode
RLC, transmission status shall-beis reported to RLC with MAC-STATUS-Ind primitive.
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Figure 11.2.2.1: RACH transmission control procedure (UE side, informative)

11.2.3 Control of RACH transmissions for TDD

The RACH transmissions are performed by the UE as shown in figure 11.2.3.1.



NOTE: Thefigure shall illustrate the operation of the transmission control procedure as specified below. It shall
not impose restrictions on implementation.

MAC receives the following RACH transmission control parameters from RRC with the CMAC-Config-REQ
primitive:

- aset of Access Service Class (ASC) parameters, which includes for each ASC, i=0,...,NUmASC an
identification of a PRACH partition and a persistence value P; (transmission probability).

When there is datato be transmitted, MAC selects the ASC from the available set of ASCs, which consists of an
identifier i of acertain PRACH partition and an associated persistence value P;. The procedure to be applied for ASC
selection is described in subclause 11.2.1.

Based on the persistence value P, the UE decides whether to send the message on the RACH. If transmission is allowed,
the PRACH transmission procedure isinitiated by sending of a PHY -Data-REQ primitive. If transmission is not
alowed, a new persistency check is performed in the next transmission time interval. The persistency check is repeated
until transmission is permitted.

Successful completion (TX status) of the MAC transmission control procedure shall be indicated to higher layer
individually for each logica channel of which datawas included in the transport block set of that access attempt. \When
transparent mode RLC is employed (i.e. for CCCH), transmission status is reported to RRC with CMAC-STATUS-Ind
primitive. For logical channels employing acknowledged or unacknowledged mode RLC, transmission status is reported
to RLC with MAC-STATUS-Ind primitive.
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Figure 11.2.3.1: RACH transmission control procedure for TDD (UE side, informative)

11.3 Control of CPCH transmissions for FDD

The MAC layer controls the timing of CPCH transmissions on transmission time interval level (i.e. on 10, 20, 40 or 80
ms level); the timing on access slot level is controlled by L1. MAC controls the timing of each initial preamble ramping
cycle as well as successive preamble ramping cycles. Note that retransmissions in case of erroneously received CPCH
message part are under control of higher layers. The CPCH transmissions are performed by the UE asillustrated in
figures 11.3.1 and 11.3.2. Figure 11.3.1 procedure is used for initial accessto CPCH channel. Figure 11.3.2 procedure is
used for each TTI transmission while the UE continues to transmit on the CPCH channel obtained using the initial
access procedure.

MAC receives the following CPCH transmission control parameters from RRC with the CMAC-Config-REQ primitive:
- persistence values, P (transmission probability for each Transport Format (TF));
- N_access fails, maximum number of preamble ramping cycles,
- NF_max, maximum number of frames for CPCH transmission for each TF;
- N_EOT (Number of EOT for release of CPCH transmission);
- Backoff control timer parameters;

- Transport Format Set;



Initia Priority Delays,

Channel Assignment Active indication.

The MAC procedure for transmission control of initial CPCH access shall be invoked when the UE has data to transmit
and the UE is not currently transmitting on a previously accessed CPCH channel. The steps for this procedure are listed

here:

1.

10.

11.

the UE shall get all UL transmit parameters (CPCH Set Info, P values, Initial Priority Delays, N_access fails,
NF_max, N_EQOT etc) from RRC;

. the UE shall reset counter M, EOT counter and Frame Count Transmitted (FCT) upon entry to theinitial access

procedure;

the UE shall send a PHY-CPCH_Status-REQ to Layer 1 to obtain CPCH TF subset status. If Layer 1 returns an
error message, the UE shall increment counter M. If counter M isequal to N_access fails, the UE shall exeeute
indicate an access failure error to higher layer precedure-and the CPCH access procedure ends. Access failureis
reported to RLC with MAC-STATUS-Ind primitive individually for each logical channel of which datawas
included in the transport block set that could not be transmitted. If counter M islessthan N_access fails, the
procedure shall continue from step 3. If Layer 1 returns a PHY -CPCH_ Status-CNF message, which includes a
TF subset indicating the currently available TFs of the requested TF subset, the procedure shall continue from
step 4;

the UE shall initidise the Busy Table with the CPCH TF subset status from Layer 1. Those TFsin the TF subset
of the Layer 1 PHY -CPCH_Status-CNF response will be marked available. All other TFswill be marked busy;

if al TFsare marked busy, the UE shall reset and start timer Thocl, wait until timer expiry, and increment
counter M. If counter M is equal to N_access fails, the UE shall execute an access failure error procedure and
the CPCH access procedure ends. If counter M islessthan N_access fails, the procedure shall continue from
step 3;

the UE shall update al UL transmit parameters from RRC;

UE shall select a TF from the set of available TFslisted in the Busy Table. UE shall use the CPCH channel
capacity (transport block set size, NF_max, and TTI interval), and Busy Table information to select one CPCH
TF for L1 to access. The UE may select a TF, which uses alower datarate and alower UL Tx power than the
maximum UL Tx power alowed,;

UE shall implement atest based on the Persistence value (P) to determine whether to attempt access to the
selected CPCH TF. If accessis alowed, the UE may implement an initial delay based on ASC of the datato be
transmitted, then shall send a PHY -Access-REQ with the selected TF to L1 for CPCH access . If the P test does
not allow access, the selected CPCH TF shall be marked busy in the Busy Table. If dl TFsare marked busy, the
UE shall reset and start timer Thocl, wait until timer expiry, and increment counter M. If counter M is equal to
N_access fails, the UE shall execute indieate-an access failure error te-highertayerprocedure and the CPCH
access procedure ends. mmmmm&mm%mﬂm

counter Mis Iessthan N_access | farls the procedure shall contr nuefrom step 3. If alI TFsare not marked busy,
the UE shall resume the procedure from step 6;

after the UE has sent the accessrequest to L1, L1 shall return a PHY -Access-CNF including one of five access
indicationsto MAC as shown in figure 11.3.1. If the L1 accessindication is that accessis granted, then UE shall
execute the transmission control procedure for the Nth TT1 using the selected TF and the initial access procedure
ends;

if L1 accessindication isno AP-AICH received or no CD-AICH received, the UE shall reset and start timer
Thoc3, wait until timer expiry, and increment counter M. If counter M is equal to N_access fails, the UE shall
execute an access failure error procedure and the CPCH access procedure ends. If counter M isless than
N_access fails, the UE shall proceed from step 3;

if L1 accessindicationis AP-AICH_nak received and Channel Assignment (CA) is active, the UE shdl proceed
from step 13. If L1 accessindication is AP-AICH_nak received and Channel Assignment (CA) is not active, the
UE shall reset and start timer Thoc2, wait until timer expiry, and mark the selected channel busy in the Busy
Table. If dl channels are marked busy, the UE shall reset and start timer Thocl, wait until timer expiry, and
increment counter M. If counter M is equal to N_access fails, the UE shall execute an access failure error



procedure and the CPCH access procedure ends. If counter M islessthan N_access fails, the procedure shall
continue from step 3. If al channels are not marked busy, the UE shall resume the procedure from step 6;

12.if L1 accessindication is CD-AICH signature mismatch, the UE shall reset and start timer Tboc4, wait until
timer expiry, and increment counter M. If counter M is equal to N_access fails, the UE shall execute an access
failure error procedure and the CPCH access procedure ends. If counter M islessthan N_access fails, the
procedure shall continue from step 3;

13.the UE shall reset and start timer Thoc2, wait until timer expiry, and increment counter M. If counter M is equal
to N_access fails, the UE shall execute an access failure error procedure and the CPCH access procedure ends.
If counter M islessthan N_access fails, the procedure shall continue from step 3.

The MAC procedure for transmission control of Nth TTI shall be invoked when the UE has data to transmit and the UE
is currently transmitting on a previously accessed CPCH channel. The steps for this procedure are listed here:

1. the UE shall build atransport block set for the next TTI;

2. if the sum of the Frame Count Transmitted counter plus the number of framesin the next TTI is greater than
NF_max, the UE shall exit this procedure and start the MAC procedure for CPCH transmission of the first TTI.
This shdl release the CPCH channel in use and the UE will contend again for anew CPCH channel to continue
transmission. If the sum of the Frame Count Transmitted counter plus the number of framesin thenext TTl is
less than or equal to NF_max, the UE shall send a PHY -Data-REQ with the transport block set to L1 to continue
transmission on the CPCH channel which has previously been accessed,;

3. if the UE has no data to transmit and the sum of the Frame Count Transmitted counter plus the number of frames
inthe next TTI islessthan NF_max, the UE shall send a PHY -Data-REQ with zero sized transport block to L1
to stop transmission on the CPCH channel which has previoudy been accessed.

4. if L1 returns PHY -Status-IND indicating abnormal situation the UE shall execute an abnormal situation handling
procedure and the CPCH Nth TTI procedure ends. Reasons for abnormal situation may include the following:

- emergency stop was received;

- start of Message Indicator was not received;
- L1 hardware failure has occurred;

- out of synch has occurred

5. H-thellreturns PHY-Status-HND-indicating-normal-transmission;-then-the UE shall increment the Frame Count
Transmitted counter (FCT) by thelength-of- theN_TTI just transmitted and indicate TX Status “transmission
successful” to RLC individually for each logica channel of which data was included in the transport block set.-

and-the-procedure-ends:

Table 11.3: CPCH Backoff Delay Timer Values

Timer Based on parameter Fixed/random
Tsoci (all Busy) NF_bo_all_busy Random
Tsoc2 (channel Busy) NS _bo_busy Fixed
Tsocs (no AICH) NF bo no_aich Fixed
Teoca (Mismatch) NF_bo_mismatch Random

For Tgocs, UE shall randomly select atimer value at each execution of the timer. A uniform random draw shall be made
to select an integer number of frames within the range [0, NF_bo_mismatch]. For Tgoc;, UE would randomly select a
timer value at each execution of thetimer. A uniform random draw shal be made to select an integer number of frames
within therange [0, NF_bo_all busy].

NOTE: Backoff parameter range and units are specified in TS 25.331, RRC Protocol Specification.
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Figure 11.3.1: CPCH transmission control procedure for initial access (informative)
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11. 5 Ciphering

The ciphering function is performed in MAC (ieonly in MAC-d) if aradio bearer is using the transparent RL C mode.
The data unit that is ciphered isthe MAC SDU and thisis shown in Figure 11.5.1 below.

MAC header MAC SDU
>« |
TcTF | VE-d | ygad| T MAC SDU
type
< >

Ciphering Unit

Figure 11.5.1: Ciphering unit for a MAC PDU

The ciphering algorithm and key to be used are configured by upper layers [7] and the ciphering method shall be
applied as specified in [10] .-

The parameters that are required by MAC for ciphering are defined in [10] and are input to the ciphering algorithm. The
parameters required by MAC which are provided by upper layers[7] are listed bel ow:

- MAC-d HFN (Hyper frame number for radio bearers that are mapped onto transparent mode RLC)

-  BEARER (Radio Bearer ID)

- CK (Ciphering Key)

3GPP
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