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9 Elements for peer-to-peer communication

9.1 Protocol data units

9.1.1 MAC Data PDU

MAC PDU consists of an optional MAC header and a MAC Service Data Unit (MAC SDU), see figure 9.1.1.1. 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
parameters in 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 SDUC/TUE-Id

MAC header MAC SDU

TCTF UE-Id
type

MAC SDUC/TUE-IdTCTF

MAC header MAC SDU

Figure 9.1.1.1 MAC data PDU

9.1.2 MAC Control PDU

9.2 Formats and parameters
NOTE:   MAC header field encodings as specified in this section 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 TCTF field is a flag 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 size
and coding of TCTF for FDD and TDD are shown in figures 9.2.1.1, 9.2.1.2 and 9.2.1.3. 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.
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TCTF Designation

000 BCCH

001 CCCH

010 CTCH

011 DCCH or DTCH
over FACH

100
TDD: SHCCH

FDD: For future use
101-111 Reserved

(PDUs with this coding
will be discarded by this

version of the
protocol)For future use

Table 9.2.1.1: Coding of the Target Channel Type Field on FACH for TDD

TCTF Designation

00 BCCH

01000000 CCCH

01000001-
01111111

Reserved
(PDUs with this coding
will be discarded by this

version of the
protocol)For future use

10000000 CTCH

10000001-
10111111

Reserved
(PDUs with this coding
will be discarded by this
version of the protocol)

11 DCCH or DTCH
over FACH

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

00 CCCH

01 DCCH or DTCH
over RACH

10 TDD: SHCCH
FDD: Reserved

(PDUs with this coding
will be discarded by this

version of the
protocol)For future use

11 Reserved
(PDUs with this coding
will be discarded by this

version of the
protocol)For future use

Table 9.2.1.32: Coding of the Target Channel Type Field on RACH

•  C/T field
The C/T field provides identification of the logical channel instance when multiple logical channels are carried on
the same transport channel. The C/T field is used also to provide identification of the logical channel type on
dedicated transport channels and on FACH and RACH when used for user data transmission. The size of the C/T
field may be variable.is fixed to 4 bits for both common transport channels and 8 bits for dedicated transport
channels. Figure 9.2.1.4 shows the 4 bit C/T field for common transport channels. Figure 9.2.1.5 shows the 8 bit
C/T field for dedicated transport channels.

C/T field
(e.g.

4 bits )

Designation

0000 Logical channel 1

0001 Logical channel 2

... ...

1110 Logical channel 15

1111 Reserved
(PDUs with this coding will
be discarded by this version
of the protocol)For future

useLogical channel 16

                                        Table 9.2.1.24: Structure of the C/T field for common transport channels.
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C/T field Designation

00000000 Logical channel 1

00000001 Logical channel 2

... ...

00001110 Logical channel 15

00001111-
11111111

For future use

                                        Table 9.2.1.5: Structure of the C/T field for dedicated transport channels

•  UE-Id
The UE-Id field provides an identifier of the UE on common transport channels. The following types of UE-Id used
on MAC are defined:

UTRAN Radio Network Temporary Identity (U-RNTI) may be used in the MAC header of DCCH when mapped
onto common transport channels.
Cell Radio Network Temporary Identity (C-RNTI) is used on DTCH, DSCH in FDD mode, and may be used on
DCCH, when mapped onto common transport channels.
The UE id to be used by MAC is configured through the MAC control SAP. The lengths of the UE-id field of the
MAC header are given in Table 9.2.1.365.

UE Id type Length of UE Id field

U-RNTI 32 bits

C-RNTI 16 bits

Table 9.2.1.365: Lengths of UE Id field

•  UE-Id Type
The UE-Id Type sub-field inside the UE-Id field is needed to ensure the correct decoding of the UE-Id field in
MAC Headers.

The UE-Id Type sub-field definition:

UE-Id Type sub-field
2 bits

UE-Id Type

00 U-RNTI

01 C-RNTI

10

Reserved
(PDUs with this coding will
be discarded by this version

of the protocol)For future use

11

Reserved
(PDUs with this coding will
be discarded by this version

of the protocol)For future use
Table 9.2.1.764: UE-Id Type sub-field definition
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9.2.1.1 MAC header for DTCH and DCCH

a) DTCH or DCCH mapped to DCH, no multiplexing of dedicated channels on MAC:
No MAC header is required.

b) DTCH or DCCH mapped to DCH, with multiplexing of dedicated channels on MAC:
C/T field is included in MAC header.

c) DTCH or DCCH mapped to RACH/FACH:
TCTF field , C/T field, UE-Id type field and UE-Id are included in the MAC header. C/T field is included if
multiplexing on MAC is applied.

d) DTCH or DCCH mapped to DSCH:
The UE-Id type and UE-Id are included in the MAC header for FDD only. The C/T field is included if multiplexing
on MAC is applied. The MAC-PDU format for DSCH is left for further study.

e) DTCH or DCCH mapped to USCH:
The MAC-PDU format for USCH is left for further study.

MAC SDUC/TCase b):

MAC SDUCase a):

MAC SDUUE-IdTCTF C/TCase c): UE-Id
type

MAC SDUUE-Id C/TCase d): UE-Id
type

MAC SDUC/Tase b):

MAC SDUUE-IdTCTF C/TCase c):

MAC SDUase a):

Figure 9.2.1.1.1: MAC Data PDU formats for DTCH and DCCH
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4.2.1 MAC Entities

The diagrams that describe the MAC architecture are constructed from MAC entities. The entities are assigned the
following names. The functions completed by the entities are different in the UE from those completed in the UTRAN:

•  MAC-b, which identifies the MAC entity that handles the broadcast channel (BCH). There is one MAC-b entity
in each UE and one MAC-b in the UTRAN for each cell.

Note: The separation in two different BCCH is ffs, the control SAP may be split accordingly

•  MAC-c, which identifies the MAC entity that handles the paging channel (PCH), the forward access  channel
(FACH), the random access channel (RACH) and the Common Packet Channel (UL CPCH) for FDD. There is
one MAC-c entity in each UE and one in the UTRAN for each cell.

•  MAC-d, denotes the MAC entity that is responsible for handling of dedicated logical channels and dedicated
transport channels (DCH) allocated to a UE. There is one MAC-d entity in the UE and one MAC-d entity in the
UTRAN for each UE. Note: When a UE is allocated 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 is to be used in each transmission time interval.

•  MAC-sh, denotes the MAC entity that handles downlink shared channels (DSCH) for both FDD and TDD and
uplink shared channels (USCH) for TDD . There is one MAC-sh entity in each UE that is using a one or more
DSCHs and  a one or moreUSCHs for TDD operation and one MAC-sh entity in the UTRAN for each cell that
contains a one or more DSCHs and a one or more USCHs for TDD operation.

•  MAC-sy, identifies the MAC entity used in TDD operation to handle the information received on the
synchronisation channel SCH

According to the RRC functions the RRC is generally in control of the internal configuration of the MAC.
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4.2.3 Traffic Related Architecture - UE Side

Figure 4.2.3.1 illustrates the connectivity of MAC entities. The figure shows a MAC-d servicing the needs of several
DTCH mapping them to a number of DCH. A MAC-sh controls access to a common transport channel. It is noted that
because the MAC-sh provides additional capacity then it communicates only with the MAC-d rather than the DTCH
directly. The MAC-c, which interfaces with the PCH, FACH and RACH common transport channels, is connected with
the MAC-d for transfer of data and RNTI. The MAC Control SAP is used to transfer Control information to each MAC
entity.  The  MAC-sh  transfers data from the DSCHs to the MAC-d and from the MAC-d to the USCHs (TDD only)
under control of the RRC. In the FDD implementation, the MAC-c may transfer data from the MAC-d to the CPCH.

MAC-d

FACH RACH

DCCH DTCHDTCH

DSCH DCH DCH

CTCH MAC  Control

USCH
( TDD only )

MAC- shMAC-c

CPCH
( FDD only )

BCCH CCCH SHCCH
( TDD only )

PCCH

PCH FACH USCH
( TDD only )

DSCH

MAC-d

FACH RACH

DCCH DTCHDTCH

DSCH DCH DCH

CTCH MAC  Control

USCH
( TDD only )

MAC- shMAC-c

CPCH
( FDD only )

BCCH CCCH SHCCH
( TDD only )

PCCH

PCH FACH

Figure 4.2.3.1 UE side MAC architecture
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Figure 4.2.3.4 shows the UE side MAC-sh entity. The following functionality is covered:

•  RNTI is used on the DSCH Control Channel to identify the UE. Additionally, some timing / physical information is
needed to tell the UE when to listen to DSCH.

•  Multiplexing is used to transmit the received information on DSCH and DSCH Control Channels to the Mac-d, for
TDD the multiplexing is used to transfer data from MAC-d to USCHs.

•  Transport format combination selection (out of the RRC assigned transport format combination set) is performed to
prioritise transport channels.

The RLC has to provide RLC-PDU’s to the MAC which fits into the available transport blocks on the transport
channels respectively.

Data flow
External Control information

 NOTE(1):  The DSCH Control Channel may be represented by
                   the FACH, details are for further study
NOTE(2):  The multiplexing function has to be reviewed, also
                  the connection to read  RNTI / physical info box

DL Downlink
TF Transport Format
TFC Transport Format Combination
RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink

MAC-sh

DSCHDSCH Control Channel

read RNTI
/physical

info

MAC -d

MAC - Control

USCH
TDD only

USCH
TDD only

DSCH

Multiplexing

TFC
selection

Data flow
External Control information

 NOTE(1):  The DSCH Control Channel may be represented by
                   the FACH, details are for further study
NOTE(2):  The multiplexing function has to be reviewed, also
                  the connection to read  RNTI / physical info box

DL Downlink
TF Transport Format
TFC Transport Format Combination
RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink

MAC-sh

DSCHDSCH Control Channel

read RNTI
/physical

info

MAC -d

MAC - Control

Multiplexing

USCH
TDD only
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Figure 4.2.3.4. UE side MAC architecture / MAC-sh 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. It is similar 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 cells MAC-sh. MAC-c receives the CPCH transport blocks. MAC-c and Mac-sh are
located in the controlling RNC while MAC-d is located in the serving RNC. The MAC Control SAP is used to transfer
Control information to each MAC entity belongs to one UE.

FACH RACH

DCCH DTCHDTCH

DSCH

MAC Control

Iur or local

  MAC Control

DCH DCH

MAC-d

USCH
TDD only

MAC- shMAC-c

CPCH
FDD only

CCCH CTCHBCCH SHCCH
      TDD only

PCCH

FACHPCH USCH
TDD only

DSCH

FACH RACH

DCCH DTCHDTCH

DSCH

MAC Control

Iur or local

  MAC Control

DCH DCH

MAC-d

USCH
TDD only

MAC- shMAC-c

CPCH
FDD only

CCCH CTCHBCCH SHCCH
      TDD only

PCCH

FACHPCH

Figure 4.2.4.1: UTRAN side MAC architecture
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Figure 4.2.4.4 shows the UTRAN side MAC-sh entity. The following functionality is covered:
•  A specific UE ID is needed  when using the DSCH Control Channel to identify the UE on the DSCH. This specific

UE ID may be optimised for DSCH and will be allocated when a RAB is mapped onto a DSCH. Additionally, some
timing information is needed to tell the UE when to listen to DSCH.

•  The scheduling /priority handling box in MAC-sh shares the DSCH resources between the UEs and between data
flows according to their priority.

•  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 allocation  is used to indicate the code used on the DSCHs  and selects the appropriate Transport format
combination on the DSCHs.

•  Flow control is provided to MAC-d.

The RLC has to provide RLC-PDU’s to the MAC which fits into the available transport blocks on the transport channels
respectively.

Data flow
External Control information

 NOTE(1):  The DSCH Control Channel may be represented by
 the FACH, details are for further study, If supported
by the FACH the data will be transferred to MAC-c
via priority/flow boxes.

NOTE(2):  The relation between the scheduling and the adding
                  of RNTI & physical  info has to be reviewed
NOTE(3):  The Demux functionality is used in TDD

NOTE(4):  For the USCH( TDD only ) the control
channel is represented by the FACH.

DL Downlink
TF Transport Format
TFC Transport Format Combination
RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink

MAC-sh

DSCH

DL: code
allocation

DSCH Control Channel

Add UE ID
& physical

info

MAC -d

MAC - Control

USCH
TDD only

Flow Control
MAC-sh /
MAC-d

USCH
TDD only

Scheduling / Priority handling / Demux
(3)

DL: code
Allocation

DSCH
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Data flow
External Control information

 NOTE(1):  The DSCH Control Channel may be represented by
 the FACH, details are for further study, If supported
by the FACH the data will be transferred to MAC-c
via priority/flow boxes.

NOTE(2):  The relation between the scheduling and the adding
                  of RNTI & physical  info has to be reviewed
NOTE(3):  The Demux functionality is used in TDD

NOTE(4):  For the USCH( TDD only ) the control
channel is represented by the FACH.

DL Downlink
TF Transport Format
TFC Transport Format Combination
RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink

MAC-sh

DSCH

DL: code
allocation

DSCH Control Channel

Add UE ID
& physical

info

DL: code
allocation

MAC -d

MAC - Control

USCH
TDD only

Scheduling / Priority handling /
Demux (3)

Flow Control
MAC-sh /
MAC-d

Figure 4.2.4.4 UTRAN side MAC architecture / MAC-sh details
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6 Functions

6.1 Description of the MAC functions

The functions of MAC include:
•  Mapping between logical channels and transport channels.
•  Selection of appropriate Transport Format for each Transport Channel depending on instantaneous source rate
•  Priority handling between data flows of one UE
•  Priority handling between UEs by means of dynamic scheduling
•  Priority handling between data flows of several users on the the DSCH and FACH
•  Identification of UEs on common transport channels
•  Multiplexing/demultiplexing of higher layer PDUs into/from transport blocks delivered to/from the physical layer on

common transport channels
•  Multiplexing/demultiplexing of higher layer PDUs into/from transport block sets delivered to/from the physical layer

on dedicated transport channels
•  Traffic volume monitoring
• Monitoring the links of the assigned resources
• Routing of higher layer signalling
• Maintenance of  a MAC signalling connection between  peer MAC entities
•  Dynamic Transport Channel type switching
•  Ciphering  for transparent RLC
•  Access Service Class selection for RACH transmission

The following potential functions is regarded as further study items:
•  Processing of messages received at common control channels
•  Successive Transmission on RACH

6.2 Relation between MAC Functions / Transport Channels and UE

6.2.1 Relation between MAC Functions and Transport Channels

Associated
MAC
Functions

Logical
Ch

Transport
Ch

TF
Selection

Priority
handling
between
users

Priority
handling
(one user)

Scheduling Identifica
tion of
UEs

Mux/Demu
x on
common
transport
CH

Mux/
Demux on
dedicated
transport
CH

Dynamic
transport
CH
switching

Uplink
(Rx)

CCCH RACH X

DCCH RACH X X
DCCH CPCH X X X

DCCH DCH X
DTCH RACH X X
DTCH CPCH X X X

DTCH DCH X
SHCCH RACH X X
DTCH USCH X X X
DCCH USCH X X X

Downlink
(Tx)

SCCH SCH

BCCH BCH X
BCCH FACH X X X
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PCCH PCH X
CCCH FACH X X
DCCH FACH X X X
DCCH DSCH X X
DCCH DCH X X X
DTCH FACH X(note1) X X X X
DTCH DSCH X(note2) X X X
DTCH DCH X X X X
SHCCH FACH X X

Table 1 UTRAN MAC functions corresponding to the transport channel (note3)

(Note1) On FACH channel, the transport format set is limited.
(Note2) Whether DSCH has the transport format set is under discussion.
(Note3) The functions not included in the table are listed below.

•  Mapping between logical channels and transport channels.
•  Traffic volume monitoring
•  Constrained execution of open loop power control algorithms

Note ( this table has to be reviewed )
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6.2.2 Relation of UE MAC functions corresponding to the Transport
Channel MAC Functions and Transport Channels

Functions Logical
Ch

Transport
Ch

TF Selection Priority
handling
data of one
user

Identification Mux/Demux on
common
transport
channels

Mux/Demux
on dedicated
transport
channels

Dynamic
transport
channel type
switching

Uplink
(Tx)

CCCH RACH X

DCCH RACH X(note1) X X
DCCH CPCH X X X X X

DCCH DCH X X X
DTCH RACH X(note1) X X X
DTCH CPCH X X X X X

DTCH DCH X X X X
SHCCH RACH X
DCCH USCH X X X X
DTCH USCH X X X X

Downlink
(Rx)

SCCH SCH

BCCH BCH
BCCH FACH X
PCCH PCH
CCCH FACH X
DCCH FACH X X
DCCH DSCH X
DCCH DCH X
DTCH FACH X X
DTCH DSCH X
DTCH DCH X
SHCCH FACH X

Table 2 UE MAC functions corresponding to the transport channel

(Note1) The RACH channel has the limited transport format set.

Note: This table has to be reviewed
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8.1 Primitives between  MAC and  RLC

8.1.1 Primitives

The primitives between MAC layer and RLC layer are shown in Table 8.2.1.

Generic Name Type Parameters
Request Indication Response Confirm

MAC-DATA X X  Data, Number of
transmitted RLC
PDUs, BO, TD1)

MAC-STATUS X X [ FFS ]No_PDU,
PDU_Size

1) TDD only

Table 8.2.1  Primitives between MAC layer and RLC layer

MAC-DATA-Req/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 about changes in the rules under  rate at which it may transfer data to
MAC. Parameters of the primitive can indicate a transmission timer value, whether the RLC can transfer data and
whether that data is restricted to supervisory frames only. Parameters are the number of PDU that can be transferred in
each transmission time interval and the PDU size.

•  MAC-STATUS-Resp enables RLC to acknowledge a MAC-STATUS-Ind. It is possible that RLC would use this
primitive to indicate that it has nothing to send or that it is in a suspended state.

8.1.2 Parameters

a) Data
It contains the RLC layer message ( 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.

c) Buffer Occupancy (BO)
The parameter Buffer Occupancy (BO) indicates the amount of data that is currently queued for transmission (or
retransmission) in RLC layer
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d) RX Timing Deviation (TD), TDD only
It contains the RX Timing Deviation as measured by the physical layer for the physical resources carrying the data of
the Message Unit. This parameter is optional and only for Indication. It is needed for the transfer of the RX Timing
Deviation measurement of RACH transmissions carrying CCCH data to RRC.

e) Number of PDU (No_PDU)

Specifies the number of PDUs that the RLC is permitted to transfer to MAC within a transmission time interval.

f) PDU Size (PDU_Size)

Specifies the size of PDU that can be transferred to MAC within a transmission time interval.
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4.1 Objective
Note: FAUSCH is not part of release 99.

4.2.1   MAC Entities

The diagrams that describe the MAC architecture are constructed from MAC entities. The entities are assigned the
following names. The functions completed by the entities are different in the UE from those completed in the UTRAN:

•  MAC-b, which identifies the MAC entity that handles the broadcast channel (BCH). There is one MAC-b entity
in each UE and one MAC-b in the UTRAN for each cell.

Note: The separation in two different BCCH is ffs, the control SAP may be split accordingly

•  MAC-c/sh, which identifies the MAC entity that handles the paging channel (PCH), the forward access
channel (FACH), the random access channel (RACH) and , the Common Packet Channel (UL CPCH) for FDD,
downlink shared channels (DSCH) for both FDD and TDD and uplink shared channels (USCH) for TDD.
There is one MAC-c/sh entity in each UE and one in the UTRAN for each cell.

•  MAC-d, denotes the MAC entity that is responsible for handling of dedicated logical channels and dedicated
transport channels (DCH) allocated to a UE. There is one MAC-d entity in the UE and one MAC-d entity in the
UTRAN for each UE. Note: When a UE is allocated 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 is to be used in each transmission time interval.

• MAC-sh, denotes the MAC entity that handles downlink shared channels (DSCH) for both FDD and TDD and
uplink shared channels (USCH) for TDD . There is one MAC-sh entity in each UE that is using a DSCH and  a
USCH for TDD operation and one MAC-sh entity in the UTRAN for each cell that contains a DSCH and a
USCH for TDD operation.

•  MAC-sy, identifies the MAC entity used in TDD operation to handle the information received on the
synchronisation channel SCH

According to the RRC functions the RRC is generally in control of the internal configuration of the MAC.
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4.2.3 Traffic Related Architecture - UE Side

Figure 4.2.3.1 illustrates the connectivity of MAC entities. The figure shows a MAC-d servicing the needs of several
DTCH mapping them to a number of DCH. A MAC-c/sh controls access to a common transport channels. It is noted
that because the MAC-c/sh provides additional capacity then it communicates only with the MAC-d rather than the
DTCH directly. The MAC-c/sh, which interfaces with the PCH, FACH,  and RACH, CPCH, DSCH and USCH common
transport channels, is connected with the MAC-d for transfer of DTCH and DCCH data and RNTI. The MAC Control
SAP is used to transfer Control information to each MAC entity.  The  MAC-c/sh  transfers data from the DSCH to the
MAC-d and from the MAC-d to the USCH (TDD only) under control of the RRC. In the FDD implementation, the
MAC-c/sh may transfer data from the MAC-d to the CPCH.

MAC-d

FACH RACH

DCCH DTCHDTCH

DSCH DCH DCH

MAC Control

USCH
( TDD only )

CPCH
( FDD only )

CTCHBCCH CCCH SHCCH
( TDD only )

PCCH

PCH FACH

MAC-c/sh

MAC-d

FACH RACH

DCCH DTCHDTCH

DSCH DCH DCH

CTCH MAC  Control

USCH
( TDD only )

MAC- shMAC-c

CPCH
( FDD only )

BCCH CCCH SHCCH
( TDD only )

PCCH

PCH FACH

Figure 4.2.3.1 UE side MAC architecture
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4.2.3.1 MAC-c/sh entity – UE Side

Figure 4.2.3.2 shows the UE side MAC-c/sh entity. The following functionality is covered:
•  The TCTF MUX box represents the handling (insertion or detection and deletion) 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 a dedicated logical channel is used.

•  The UE Id field in the MAC header is used to distinguish between UEs.
•  In the uplink, the possibility of transport format selection exists.
•  ASC selection: MAC indicates the ASC associated with the PDU to the physical layer (this is to ensure that RACH

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 is used to transmit the information received from MAC-d on  RACH and CPCH.

•  Channel selection is used to select an appropriately sized and available CPCH for transmission.
•  Multiplexing is used to transmit the received information on DSCH to the Mac-d, for TDD the multiplexing is used

to transfer data from MAC-d to USCH.

The RLC has to provide RLC-PDU’s to the MAC which fit into the available transport blocks on the transport channels
respectively.

DL Downlink
TF Transport Format
TFC Transport Format Combination
TCTF Target Channel Type Field
(1) Details are FFS
(2) Scheduling /Priority handling is applicable for

CPCH, details are ffs.

NOTE(1):  The multiplexing function has to be reviewed,.

UE User Equipment
UL Uplink

MAC-c/sh

MAC – Control

to MAC –d

FACH CPCH ( FDD only )FACH

CTCHCCCH BCCHSHCCH (TDD only)PCCH

PCH

CPCH
selection (1)

UL: TF
selection

ASC Selection

USCH
TDD only

DSCH
RACH

TCTF MUX /
Multiplexing

Scheduling/Priority
Handling (2)

add/read
   UE Id
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DL Downlink
TF Transport Format
TFC Transport Format Combination
TCTF Target Channel Type Field
(1) Details are FFS
(2) Scheduling /Priority handling is applicable for

CPCH, details are ffs.

UE User Equipment
UL Uplink

CTCH

MAC-c

MAC – Control

to MAC –d

CCCH

UL: TF
selection

ASC Selection

CPCH
selection (1)

Scheduling/Priority
Handling (2)

TCTF MUX

FACH RACH CPCH ( FDD only )FACH

BCCH

add/read
   UE Id

SHCCH (TDD only)PCCH

PCH

Figure 4.2.3.2. UE side MAC architecture / MAC-c/sh details

4.2.3.2 MAC-d entity – UE Side

Figure 4.2.3.3 shows the UE side MAC-d entity. The following functionality is covered:
•  Dynamic transport channel type switching is performed by this entity, based on decision taken by RRC.
•  The C/T MUX box is used when multiplexing of several dedicated logical channels onto one transport channel is

used.
•  The 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.
•  The MAC-d entity using downlink shared channel is connected to a MAC-c/sh entity that handles the reception of

data received on the shared channels to which the UE is assigned.
•  In the uplink, transport format combination selection (out of the RRC assigned transport format combination set) is

performed to prioritise transport channels.
•  FAUSCH Handling indicates the function in the MAC-d supports the FAUSCH, details are ffs
•  Support of Ciphering / Deciphering for transparent RLC operation in MAC , see [2] for details on the concept.
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DCCH DTCH DTCH

DCH

DL Downlink
TF Transport Format
TFC Transport Format Combination
Note1 : For DCH and DSCH different scheduling

mechanism apply

RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink
Note 2 : The TFC selection place  is under discussion
Note 3 : Ciphering is performed in MAC-d only for

transparent RLC mode

DCH

 MAC-d

to MAC-c/sh

Ciphering

MAC Control

FAUSCH Handling

FAUSCH

UL: TFC selection

C/T MUX

C/T
 MUX

Deciphering

Channel switching

DCCH DTCH DTCH

DCH

DL Downlink
TF Transport Format
TFC Transport Format Combination
Note1 : For DCH and DSCH different scheduling

mechanism apply

RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink
Note 2 : The TFC selection place  is under discussion
Note 3 : Ciphering is performed in MAC-d only for

transparent RLC mode

DCH

C/T
MUX

 MAC-d

to  MAC-sh

to MAC-c

Ciphering

C/T
MUX

MAC Control

FAUSCH Handling

FAUSCH

Channel switching

UL: TFC selection

Deciphering

C/T
 MUX

Figure 4.2.3.3. UE side MAC architecture / MAC-d details

Figure 4.2.3.4 shows the UE side MAC-sh entity. The following functionality is covered:
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• RNTI is used on the DSCH Control Channel to identify the UE. Additionally, some timing / physical information is
needed to tell the UE when to listen to DSCH.

• Multiplexing is used to transmit the received information on DSCH and DSCH Control Channel to the Mac-d, for
TDD the multiplexing is used to transfer data from MAC-d to USCH.

The RLC has to provide RLC-PDU’s to the MAC which fits into the available transport blocks on the transport channels
respectively.

Data flow
External Control information

 NOTE(1):  The DSCH Control Channel may be represented by
                   the FACH, details are for further study
NOTE(2):  The multiplexing function has to be reviewed, also
                  the connection to read  RNTI / physical info box

DL Downlink
TF Transport Format
TFC Transport Format Combination
RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink

MAC-sh

DSCHDSCH Control Channel

read RNTI
/physical

info

MAC -d

MAC - Control

Multiplexing

USCH
TDD only

Figure 4.2.3.4. UE side MAC architecture / MAC-sh 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. It is similar 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 cells MAC-c/sh. MAC-c/sh receives the CPCH transport blocks. MAC-c/sh is and Mac-
sh are located in the controlling RNC while MAC-d is located in the serving RNC. The MAC Control SAP is used to
transfer Control information to each MAC entity belongs to one UE.
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FACH RACH

DCCH DTCHDTCH

DSCH

MAC Control

Iur or local

  MAC Control

DCH DCH

MAC-d

USCH
TDD only

MAC-c/sh

CPCH
FDD only

CCCH CTCHBCCH SHCCH
      TDD only

PCCH

FACHPCH

FACH RACH

DCCH DTCHDTCH

DSCH

MAC Control

Iur or local

  MAC Control

DCH DCH

MAC-d

USCH
TDD only

MAC- shMAC-c

CPCH
FDD only

CCCH CTCHBCCH SHCCH
      TDD only

PCCH

FACHPCH

Figure 4.2.4.1: UTRAN side MAC architecture

4.2.4.1         MAC-c/sh entity – UTRAN Side

Figure 4.2.4.2 shows the UTRAN side MAC-c/sh entity. The following functionality is covered:

•  The Scheduling – Priority Handling box manages FACH resources between the UE’s and between data flows
according to their priority. DL flow control is also provided to MAC-d.

•  The TCTF MUX box represents the handling (insertion or detection and deletion) 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 a dedicated logical channel is used.

•  For dedicated type logical channels, the UE Id field in the MAC header is used to distinguish between UEs.
•  In the downlink, transport format combination selection is done for FACH and PCH
•  The CB-Scheduling function inside MAC-c/sh supports the Short Message Service Cell Broadcast ( SMS CB ).
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•  The scheduling /priority handling function in MAC-c/sh shares the DSCH resources between the UEs and between
data flows according to their priority.

•  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 allocation  is used to indicate the code used on the DSCH  and the appropriate Transport format on the
DSCH.

•  Flow control is provided to MAC-d.

The RLC has to provide RLC-PDU’s to the MAC which fit into the available transport blocks on the transport channels
respectively.

DL Downlink
TF Transport Format
TFC Transport Format Combination

UE User Equipment
UL Uplink

CTCH

FACH

MAC-c/sh
to MAC –d

RACH

MAC – Control

CPCH
(FDD only )

CCCH

FACH

BCCH SHCCH
(TDD only)

PCCH

PCH

 TFC selection

DSCH USCH
TDD only

DL: code
allocation

NOTE(1):  The relation between the scheduling and the adding
                  of RNTI & physical  info has to be reviewed
NOTE(2):  The Demux functionality is used in TDD
NOTE(3):  For the USCH( TDD only ) the control channel is represented by the FACH.

Flow Control
MAC-c/sh / MAC-d

Scheduling / Priority Handling/
 CTCH: CB- Scheduling / Demux(3)

TCTF MUX / UE Id MUX
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DL Downlink
TF Transport Format
TFC Transport Format Combination
(1) only for TDD

UE User Equipment
UL Uplink

CTCH

FACH

MAC-c
to MAC –d

RACH

MAC – Control

CPCH
(FDD only )

CCCH

Flow Control
MAC-c / MAC-d

FACH

UE Id
MUX

TCTF MUX

BCCH SHCCCHPCCH

PCH

 TFC selection

Scheduling / Priority Handling/
 CTCH: CB- Scheduling

Figure 4.2.4.2 UTRAN side MAC architecture / MAC-c/sh details

4.2.4.2          MAC-d entity – UTRAN Side

Figure 4.2.4.3 shows the UTRAN side MAC-d entity. The following functionality is covered:
•  Dynamic transport channel type switching is performed by this entity, based on decision taken by RRC.
•  The C/T MUX box is used when multiplexing of several dedicated logical channels onto one transport channel is

used. C/T Mux is also responsible for priority setting on data received from DCCH / DTCH.
•  Each 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 (priority
identification of each PDU for DTCH NRT data is FFS).

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

•  In the downlink, scheduling and priority handling of  transport channels is performed within the allowed transport
format combinations of the TFCS assigned by the RRC. This function supports the TFCI insertion in Node B .

•  FAUSCH Handling indicates the function in the MAC-d supports the FAUSCH, details are ffs.
•  Support of Ciphering / Deciphering for transparent RLC operation in MAC , see [2] for details on the concept.
•  A flow control function exists toward MAC-c/sh and MAC-sh to limit buffering between MAC-d and MAC-c/sh or

MAC-sh entities. This function is intended to limit layer 2 signalling latency and reduce discarded and retransmitted
data as a result of FACH or DSCH congestion. It also allows to handle quality of service if MAC-d requires it.
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Figure  4.2.4.3 UTRAN side MAC architecture / MAC-d details

Figure 4.2.4.4 shows the UTRAN side MAC-sh entity. The following functionality is covered:
• A specific UE ID is needed  when using the DSCH Control Channel to identify the UE on the DSCH. This specific UE

ID may be optimised for DSCH and will be allocated when a RAB is mapped onto a DSCH. Additionally, some
timing information is needed to tell the UE when to listen to DSCH.

• The scheduling /priority handling box in MAC-sh shares the DSCH resources between the UEs and between data
flows according to their priority. The TCTF Mux represents the handling (insertion or detection and deletion) of the
TCTF field in the MAC header, and the respective mapping between logical and transport channels. The TCTF field
indicates if SHCCH or a dedicated logical channel is used.

• 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 allocation  is used to indicate the code used on the DSCH  and the appropriate Transport format on the
DSCH.

• Flow control is provided to MAC-d.

The RLC has to provide RLC-PDU’s to the MAC which fits into the available transport blocks on the transport channels
respectively.

Data flow
External Control information

 NOTE(1):  The DSCH Control Channel may be represented by
 the FACH, details are for further study, If supported
by the FACH the data will be transferred to MAC-c
via priority/flow boxes.

NOTE(2):  The relation between the scheduling and the adding
                  of RNTI & physical  info has to be reviewed
NOTE(3):  The Demux functionality is used in TDD

NOTE(4):  For the USCH( TDD only ) the control
channel is represented by the FACH.

DL Downlink
TF Transport Format
TFC Transport Format Combination
RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink

MAC-sh

DSCH

DL: code
allocation

DSCH Control Channel

Add UE ID
& physical

info

DL: code
allocation

MAC -d

MAC - Control

USCH
TDD only

Scheduling / Priority handling /
Demux (3)

Flow Control
MAC-sh /
MAC-d

Figure 4.2.4.4 UTRAN side MAC architecture / MAC-sh details
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4.3.3       Mapping between logical channels and transport channels

The following connections between logical channels and transport channels exist:
•  SCCH is connected to SCH
•  BCCH is connected to BCH and may also be connected toor 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.
•  ODCCH, OCCCH and ODTCH can be connected to ORACH, ODCCH and ODTCH can be connected to ODCH.
•  CTCH may  be mapped to FACH and DSCH or BCH, the mapping is ffs
•  DCCH and DTCH can be mapped to the USCH ( TDD only ).
•  SHCCH is connected to RACH and USCH/ FACH and DSCH.
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6   Relation between MAC Functions / Transport Channels
and UE

6.2.1   Relation between MAC Functions and Transport Channels

Associated
MAC
Functions

Logical
Ch

Transport
Ch

TF
Selection

Priority
handling
between
users

Priority
handling
(one user)

Scheduling Identifica
tion of
UEs

Mux/Demu
x on
common
transport
CH

Mux/
Demux on
dedicated
transport
CH

Dynamic
transport
CH
switching

Uplink
(Rx)

CCCH RACH X

DCCH RACH X X
DCCH CPCH X X X

DCCH DCH X
DTCH RACH X X
DTCH CPCH X X X

DTCH DCH X
SHCCH RACH X X
SHCCH USCH X X

Downlink
(Tx)

SCCH SCH

BCCH BCH X
BCCH FACH X X X
PCCH PCH X
CCCH FACH X X
DCCH FACH X X X
DCCH DSCH X X
DCCH DCH X X X
DTCH FACH X(note1) X X X X
DTCH DSCH X(note2) X X X
DTCH DCH X X X X
SHCCH FACH X X
SHCCH DSCH X X X X

Table 1 UTRAN MAC functions corresponding to the transport channel (note3)

(Note1) On FACH channel, the transport format set is limited.
(Note2) Whether DSCH has the transport format set is under discussion.
(Note3) The functions not included in the table are listed below.

•  Mapping between logical channels and transport channels.
•  Traffic volume monitoring
•  Constrained execution of open loop power control algorithms

Note ( this table has to be reviewed )

6.2.2   Relation of UE MAC functions corresponding to the Transport Channel
MAC Functions and Transport Channels
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Functions Logical
Ch

Transport
Ch

TF Selection Priority
handling
data of one
user

Identification Mux/Demux on
common
transport
channels

Mux/Demux
on dedicated
transport
channels

Dynamic
transport
channel type
switching

Uplink
(Tx)

CCCH RACH X

DCCH RACH X(note1) X X
DCCH CPCH X X X X X

DCCH DCH X X X
DTCH RACH X(note1) X X X
DTCH CPCH X X X X X

DTCH DCH X X X X
SHCCH RACH X
SHCCH USCH X X X X

Downlink
(Rx)

SCCH SCH

BCCH BCH
BCCH FACH X
PCCH PCH
CCCH FACH X
DCCH FACH X X
DCCH DSCH X
DCCH DCH X
DTCH FACH X X
DTCH DSCH X
DTCH DCH X
SHCCH FACH X
SHCCH DSCH X

Table 2 UE MAC functions corresponding to the transport channel

(Note1) The RACH channel has the limited transport format set.

Note: This table has to be reviewed
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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 TCTF field is a flag 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.

TCTF Designation

000 BCCH

001 CCCH

010 CTCH

011 DCCH or DTCH
over FACH

100
TDD: SHCCH

FDD: For future use
101-111 For future use

Table 9.2.1.1: Coding of the Target Channel Type Field on FACH

TCTF Designation

00 CCCH

01 DCCH or DTCH
over RACH

10 TDD: SHCCH
FDD: For future use

11 For future use

Table 9.2.1.2: Coding of the Target Channel Type Field on RACH

TCTF Designation

0 SHCCH

1 DCCH or DTCH over
USCH or DSCH

Table 9.2.1.3: Coding of the Target Channel Type Field on USCH or DSCH
(TDD only)
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9.2.1.1     MAC header for DTCH and DCCH

a) DTCH or DCCH mapped to DCH, no multiplexing of dedicated channels on MAC:
No MAC header is required.

b) DTCH or DCCH mapped to DCH, with multiplexing of dedicated channels on MAC:
C/T field is included in MAC header.

c) DTCH or DCCH mapped to RACH/FACH:
TCTF field and UE-Id are included in the MAC header. C/T field is included if multiplexing on MAC is applied.

d) DTCH or DCCH mapped to DSCH or USCH:
The MAC-PDU format for DSCH is left for further study. The TCTF field is included in the MAC header for TDD
only. The UE-Id type and UE-Id are included in the MAC header for FDD only. The C/T field is included if
multiplexing on MAC is applied.

e)    DTCH or DCCH mapped to DSCH or USCH where DTCH or DCCH are the only logical channels:
The MAC-PDU format for USCH is left for further study. The UE-Id type and UE-Id are included in the MAC
header for FDD only. The C/T field is included in the MAC header if multiplexing on MAC is applied.

UE-Id

UE-Id

MAC SDUC/TCase b):

MAC SDUUE-IdTCTF C/TCase c):

MAC SDUCase a):

MAC SDUTCTF C/TCase d):

MAC SDUC/TCase e):

UE-Id
type

UE-Id
type

MAC SDUC/Tase b):

MAC SDUUE-IdTCTF C/TCase c):

MAC SDUase a):

Figure 9.2.1.1.1: MAC Data PDU formats for DTCH and DCCH
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9.2.1.6  MAC Header for SHCCH

 The MAC header for SHCCH is as shown in figure 9.2.1.3.2

a) SHCCH mapped to RACH and USCH/FACH and DSCH:
TCTF has to be included.

b) SHCCH mapped to RACH and USCH/FACH and DSCH, where SHCCH is the only channel:

 
MAC SDU

MAC SDUTCTFCase a):

Case b):

Figure 9.2.1.5.1 : MAC Data PDU format for SHCCH
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11.2.1       Control of RACH transmissions for FDD mode

The RACH transmissions are controlled by the UE MAC sublayer as outlined in Figure 11.2.1.
Note that the figure shall illustrate the operation of the transmission control procedure as specified below. It shall not
impose restrictions on implementation. MAC controls the timing of each  initial preamble ramping cycle as well 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 CMAC-Config-REQ primitive:

•  persistence value P (transmission probability),

•  maximum number of preamble ramping cycles Mmax,

•  range of  backoff interval for timer TBO1, given in terms of numbers of transmission time intervals NBO1max and
NBO1min, applicable when negative acknowledgement on AICH is received,

•  Access Service Class (ASC) parameters.

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 allowed, the PRACH transmission procedure
(starting with a preamble power ramping cycle) is initiated by sending of a PHY-Data-REQ primitive. MAC then waits
for status indication from L1 via PHY-Status-IND primitive. If transmission is not allowed, a new persistency check is
performed in the next transmission time interval. The persistency check is repeated until transmission is permitted.

When the preamble has been acknowledged on AICH, respective L1 status information is indicated to MAC with PHY-
Status-IND primitive, and the PRACH transmission procedure shall be completed with transmission of the PRACH
message part according to L1 specifications.

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 time interval. The timer T2 ensures that two successive persistency tests are separated by at least
one transmission time interval.

In case that a negative acknowledgement has been received on AICH a backoff timer TBO1 is started. After expiry of the
timer, persistence check is performed again. Backoff timer TBO1 is set to an integer number NBO1 of transmission time
intervals, randomly drawn within an interval  0 ≤ NBO1min ≤  NBO1 ≤ NBO1max  (with uniform distribution).  NBO1min and
NBO1max  may be set equal when a fixed 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-Config-REQ primitive. The latest  set of  RACH transmission control parameters
shall be applied.

[Note 1: An alternative proposal for determining the backoff additional to persistency drawing and  testing  in the  case
of a negative acknowledgement on AICH (L1 status "NACK") has been proposed which is for further study]

[Note 2: There is a need to study the use of multiple persistence values when there are multiple Access Service Classes
and multiple RACH partitions.]
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Start

Get RACH tx control parameters
from RRC: P, Mmax, NBO1min,

NBO1max, ASC parameters

Increment preamble transmission
counter M

Send PHY-Data-REQ
(start of L1 PRACH transmission

procedure)

M ≤ Mmax ? N

Y

Error handling
(ffs)

L1 status ?
Nack

Ack (PRACH message part transmitted)

No Ack

End

N Any data to be
transmitted ?

Y

Draw random number 0 ≤ R< 1

R ≤ P ?
N

Y

Wait expiry
Timer T2 (next TTI)

Set and wait expiry
timer T BO1 (NBO1 TTIs)

M := 0

Note: MAC-c/sh receives
tx control parameters
RRC with CMA C-Config-REQ
primitive whenever one of the
parameters is updated

Update RACH tx control
parameters

Wait expiry
Timer T2 (next TTI)

Wait expiry
timer T2 (next  TTI)Set Timer T 2 (1 TTI)

 Figure 11.2.1 : RACH transmission control procedure (UE side, informative)
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11.2.2     Control of RACH transmissions for TDD

The RACH transmissions are performed by the UE as shown in Figure 11.2.2. Note that the figure 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:

•  persistence value P (transmission probability),

•  Access Service Class parameters

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 is initiated by sending of a PHY-Data-REQ primitive. If transmission is not
allowed, a  new persistency check is performed in the next transmission time interval. The persistency check is repeated
until transmission is permitted.
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Send PHY-Data-REQ
(start of  L1 PRACH transmission

procedure)

End

Draw random number 0 ≤ R< 1

R ≤ P ?
N

Y

Wait expiry
Timer T2 (next TTI)

Start

Get RACH tx control parameters
from RRC: P, ASC parameters

N Any data to be
transmitted?

Y

Note: MAC-c/sh receives
RACH tx control parameters
from RRC with CMAC-Config-
REQ primitive whenever one of
the parameters is updated

Update RACH tx control
parameters

Set Timer T2 (1 TTI)

 Figure 11.2.2 : RACH transmission control procedure for TDD (UE side, informative)
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4.2.4 Traffic Related Architecture - UTRAN Side

Figure 4.2.4.1 illustrates the connectivity between the MAC entities from the UTRAN side. It is similar 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 cells MAC-sh. MAC-c receives the CPCH transport blocks. MAC-c and Mac-sh are
located in the controlling RNC while MAC-d is located in the serving RNC.The MAC Control SAP is used to transfer
Control information to each MAC entity belongs to one UE.

FACH RACH

DCCH DTCHDTCH

DSCH

MAC Control

Iur or local

  MAC Control

DCH DCH

MAC-d

USCH
TDD only

MAC- shMAC-c

CPCH
FDD only

CCCH CTCHBCCH SHCCH
      TDD only

PCCH

FACHPCH

Figure 4.2.4.1: UTRAN side MAC architecture

Figure 4.2.4.2 shows the UTRAN side MAC-c entity. The following functionality is covered:

•  The Scheduling – Priority Handling box manages FACH resources between the UE’s and between data flows
according to their priority. DL flow control is also provided to MAC-d.

•  The TCTF MUX box represents the handling (insertion or detection and deletion) 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 a dedicated logical channel is used.

•  For dedicated type logical channels, the UE Id field in the MAC header is used to distinguish between UEs.
•  In the downlink, transport format combination selection is done for FACH and PCH
• The CB-Scheduling function inside MAC-c supports the Short Message Service Cell Broadcast ( SMS CB ).



3GPP

DL Downlink
TF Transport Format
TFC Transport Format Combination
(1) only for TDD

UE User Equipment
UL Uplink

CTCH

FACH

MAC-c
to MAC –d

RACH

MAC – Control

CPCH
(FDD only )

CCCH

Flow Control
MAC-c / MAC-d

FACH

UE Id
MUX

TCTF MUX

BCCH SHCCCHPCCH

PCH

 TFC selection

Scheduling / Priority Handling/
 CTCH: CB- Scheduling

Figure 4.2.4.2 UTRAN side MAC architecture / MAC-c details

Figure 4.2.4.3 shows the UTRAN side MAC-d entity. The following functionality is covered:
•  Dynamic transport channel type switching is performed by this entity, based on decision taken by RRC.
•  The C/T MUX box is used when multiplexing of several dedicated logical channels onto one transport channel is

used. C/T Mux is also responsible for priority setting on data received from DCCH / DTCH.
•  Each MAC-d entity using common channels is connected to a MAC-c entity that handles the scheduling of the

common channels to which the UE is assigned and DL (FACH) priority identification to MAC-c (priority
identification of each PDU for DTCH NRT data is FFS).

•  Each MAC-d entity using downlink shared channel is connected to a MAC-sh entity that handles the shared channels
to which the UE is assigned and indicates the level of priority of each PDU to MAC-sh and to MAC-c.

•  In the downlink, scheduling and priority handling of  transport channels is performed within the allowed transport
format combinations of the TFCS assigned by the RRC. This function supports the TFCI insertion in Node B .

•  FAUSCH Handling indicates the function in the MAC-d supports the FAUSCH, details are ffs.
•  Support of Ciphering / Deciphering for transparent RLC operation in MAC , see [2] for details on the concept.
•  A flow control function exists toward MAC-c and MAC-sh to limit buffering between MAC-d and MAC-c or MAC-

sh entities. This function is intended to limit layer 2 signalling latency and reduce discarded and retransmitted data as
a result of FACH or DSCH congestion. It also allows to handle quality of service if MAC-d requires it.
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DCCH

UE

DTCH DTCH

DCH

DL Downlink
TF Transport Format
TFC Transport Format Combination
Note1 : for  DCH and DSCH different scheduling

mechanisms apply

RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink
(2) Support TFCI insertion in Node B
Note 3 : Ciphering is performed in MAC-d only for
transparent RLC mode

DCH

MAC-d
to MAC-c

to MAC- sh

C/T MUX
/ Priority
setting

MAC-Control

FAUSCH Handling

FAUSCH

Deciphering

C/T
MUX

DL scheduling/
priority handling (2)

Ciphering

Flow Control
MAC–c /
MAC-d

Flow Control
MAC-sh/
MAC-d

C/T MUX
/ Priority
setting

Channel switching

Figure  4.2.4.3 UTRAN side MAC architecture / MAC-d details

Figure 4.2.4.4 shows the UTRAN side MAC-sh entity. The following functionality is covered:
•  A specific UE ID is needed  when using the DSCH Control Channel to identify the UE on the DSCH. This specific

UE ID may be optimised for DSCH and will be allocated when a RAB is mapped onto a DSCH. Additionally, some
timing information is needed to tell the UE when to listen to DSCH.

•  The scheduling /priority handling box in MAC-sh shares the DSCH resources between the UEs and between data
flows according to their priority.

•  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 allocation  is used to indicate the code used on the DSCH  and the appropriate Transport format on the
DSCH.

•  Flow control is provided to MAC-d.

The RLC has to provide RLC-PDU’s to the MAC which fits into the available transport blocks on the transport channels
respectively.
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Data flow
External Control information

 NOTE(1):  The DSCH Control Channel may be represented by
 the FACH, details are for further study, If supported
by the FACH the data will be transferred to MAC-c
via priority/flow boxes.

NOTE(2):  The relation between the scheduling and the adding
                  of RNTI & physical  info has to be reviewed
NOTE(3):  The Demux functionality is used in TDD

NOTE(4):  For the USCH( TDD only ) the control
channel is represented by the FACH.

DL Downlink
TF Transport Format
TFC Transport Format Combination
RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink

MAC-sh

DSCH

DL: code
allocation

DSCH Control Channel

Add UE ID
& physical

info

DL: code
allocation

MAC -d

MAC - Control

USCH
TDD only

Scheduling / Priority handling /
Demux (3)

Flow Control
MAC-sh /
MAC-d

Figure 4.2.4.4 UTRAN side MAC architecture / MAC-sh details

4.3.3 Mapping between logical channels and transport channels

The following connections between logical channels and transport channels exist:
•  SCCH is connected to SCH
•  BCCH is connected to BCH or 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.
•  ODCCH, OCCCH and ODTCH can be connected to ORACH, ODCCH and ODTCH can be connected to ODCH.
•  CTCH may  be mapped to FACH and DSCH or BCH, the mapping is ffsCTCH is connected to FACH.
•  DCCH and DTCH can be mapped to the USCH ( TDD only ).
•  SHCCH is connected to RACH and FACH.

6.2 Relation between MAC Functions / Transport Channels and UE

6.2.1 Relation between MAC Functions and Transport Channels

Associated
MAC
Functions

Logical
Ch

Transport
Ch

TF
Selection

Priority
handling
between
users

Priority
handling
(one user)

Scheduling Identifica
tion of
UEs

Mux/Demu
x on
common
transport
CH

Mux/
Demux on
dedicated
transport
CH

Dynamic
transport
CH
switching

Uplink
(Rx)

CCCH RACH X
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DCCH RACH X X
DCCH CPCH X X X

DCCH DCH X
DTCH RACH X X
DTCH CPCH X X X

DTCH DCH X
SHCCH RACH X X

Downlink
(Tx)

SCCH SCH

BCCH BCH X
BCCH FACH X X X
PCCH PCH X
CCCH FACH X X
CTCH FACH X X X
DCCH FACH X X X
DCCH DSCH X X
DCCH DCH X X X
DTCH FACH X(note1) X X X X
DTCH DSCH X(note2) X X X
DTCH DCH X X X X
SHCCH FACH X X

Table 1 UTRAN MAC functions corresponding to the transport channel (note3)

(Note1) On FACH channel, the transport format set is limited.
(Note2) Whether DSCH has the transport format set is under discussion.
(Note3) The functions not included in the table are listed below.

•  Mapping between logical channels and transport channels.
•  Traffic volume monitoring
•  Constrained execution of open loop power control algorithms

Note ( this table has to be reviewed )



3GPP

6.2.2   Relation of UE MAC functions corresponding to the Transport Channel
MAC Functions and Transport Channels

Functions Logical
Ch

Transport
Ch

TF Selection Priority
handling
data of one
user

Identification Mux/Demux on
common
transport
channels

Mux/Demux
on dedicated
transport
channels

Dynamic
transport
channel type
switching

Uplink
(Tx)

CCCH RACH X

DCCH RACH X(note1) X X
DCCH CPCH X X X X X

DCCH DCH X X X
DTCH RACH X(note1) X X X
DTCH CPCH X X X X X

DTCH DCH X X X X
SHCCH RACH X

Downlink
(Rx)

SCCH SCH

BCCH BCH
BCCH FACH X
PCCH PCH
CCCH FACH X
CTCH FACH X
DCCH FACH X X
DCCH DSCH X
DCCH DCH X
DTCH FACH X X
DTCH DSCH X
DTCH DCH X
SHCCH FACH X

Table 2 UE MAC functions corresponding to the transport channel

(Note1) The RACH channel has the limited transport format set.

Note: This table has to be reviewed

9.2.1.5 MAC Header for CTCH

The TCTF field is included as MAC header for CTCH mapped to FACH is as shown in figure 9.2.1.5.1

MAC SDUTCTF

Figure 9.2.1.5.1 : MAC Data PDU format for CTCH

The TCTF field indicates whether data is mapped to common or dedicated channels, and whether it belongs to BCCH
,CCCH, CTCH or SHCCH. In case of CTCH, it identifies whether the message is SMS CB message or Schedule
message
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4.2.3 Traffic Related Architecture - UE Side

Figure 4.2.3.1 illustrates the connectivity of MAC entities. The figure shows a MAC-d servicing the needs of
several DTCH mapping them to a number of DCH. A MAC-sh controls access to a common transport channel. It
is noted that because the MAC-sh provides additional capacity then it communicates only with the MAC-d rather
than the DTCH directly. The MAC-c, which interfaces with the PCH, FACH and RACH common transport
channels, is connected with the MAC-d for transfer of data and RNTI. The MAC Control SAP is used to transfer
Control information to each MAC entity.  The  MAC-sh  transfers data from the DSCH to the MAC-d and from
the MAC-d to the USCH (TDD only) under control of the RRC. In the FDD implementation, the MAC-c may
transfer data from the MAC-d to the CPCH.

MAC-d

FACH RACH

DCCH DTCHDTCH

DSCH DCH DCH

CTCH MAC  Control

USCH
( TDD only )

MAC- shMAC-c

CPCH
( FDD only )

BCCH CCCH SHCCH
( TDD only )

PCCH

PCH FACH

Figure 4.2.3.1 UE side MAC architecture

Figure 4.2.3.2 shows the UE side MAC-c entity. The following functionality is covered:
•  The TCTF MUX box represents the handling (insertion or detection and deletion) 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 a dedicated logical channel is used.

•  The UE Id field in the MAC header is used to distinguish between UEs.
•  In the uplink, the possibility of transport format selection exists.
•  ASC selection: MAC indicates the ASC associated with the PDU to the physical layer (this is to ensure that

RACH 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 is used to transmit the information received from MAC-d on  RACH and
CPCH.

•  Channel selection is used to select an appropriately sized and available CPCH for transmission.
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DL Downlink
TF Transport Format
TFC Transport Format Combination
TCTF Target Channel Type Field
(1) Details are FFS
(2) Scheduling /Priority handling is applicable for

CPCH, details are ffs.

UE User Equipment
UL Uplink

CTCH

MAC-c

MAC – Control

to MAC –d

CCCH

UL: TF
selection

ASC Selection

CPCH
selection (1)

Scheduling/Priority
Handling (2)

TCTF MUX

FACH RACH CPCH ( FDD only )FACH

BCCH

add/read
   UE Id

SHCCH (TDD only)PCCH

PCH

Figure 4.2.3.2. UE side MAC architecture / MAC-c details

Figure 4.2.3.3 shows the UE side MAC-d entity. The following functionality is covered:
•  Dynamic transport channel type switching is performed by this entity, based on decision taken by RRC.
•  The C/T MUX box is used when multiplexing of several dedicated logical channels onto one transport

channel is used.
•  The MAC-d entity using common channels is connected to a MAC-c entity that handles the scheduling of the

common channels to which the UE is assigned.
•  The MAC-d entity using downlink shared channel is connected to a MAC-sh entity that handles the reception

of data received on the shared channels to which the UE is assigned.
•  The MAC-d entity is responsible for mapping dedicated logical channels for the downlink onto the common

and dedicated transport channels . One dedicated logical channel can be mapped simultaneously onto DCH
and DSCH.

•  In the uplink, transport format combination selection (out of the RRC assigned transport format combination
set) is performed to prioritise transport channels.

•  FAUSCH Handling indicates the function in the MAC-d supports the FAUSCH, details are ffs
•  Support of Ciphering / Deciphering for transparent RLC operation in MAC , see [2] for details on the

concept.
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Deciphering
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Figure 4.2.3.3. UE side MAC architecture / MAC-d details

Figure 4.2.3.4 shows the UE side MAC-sh entity. The following functionality is covered:

•  RNTI is used on the DSCH Control Channel to identify the UE. Additionally, some timing / physical
information is needed to tell the UE when to listen to DSCH.

•  Multiplexing is used to transmit the received information on DSCH and DSCH Control Channel to the Mac-
d, for TDD the multiplexing is used to transfer data from MAC-d to USCH.

The RLC has to provide RLC-PDU’s to the MAC which fits into the available transport blocks on the transport
channels respectively.
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Data flow
External Control information

 NOTE(1):  The DSCH Control Channel may be represented by
                   the FACH, details are for further study
NOTE(2):  The multiplexing function has to be reviewed, also
                  the connection to read  RNTI / physical info box

DL Downlink
TF Transport Format
TFC Transport Format Combination
RNTI Radio Network Temporary Identity
UE User Equipment
UL Uplink

MAC-sh

DSCHDSCH Control Channel

read RNTI
/physical

info

MAC -d

MAC - Control

Multiplexing

USCH
TDD only

Figure 4.2.3.4. UE side MAC architecture / MAC-sh 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. It is similar 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 cells MAC-sh. MAC-c receives the CPCH transport blocks.
MAC-c and Mac-sh are located in the controlling RNC while MAC-d is located in the serving RNC.The MAC
Control SAP is used to transfer Control information to each MAC entity belongs to one UE.
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Figure 4.2.4.1: UTRAN side MAC architecture
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Figure 4.2.4.2 shows the UTRAN side MAC-c entity. The following functionality is covered:

•  The Scheduling – Priority Handling box manages FACH resources between the UE’s and between data flows
according to their priority. DL flow control is also provided to MAC-d.

•  The TCTF MUX box represents the handling (insertion or detection and deletion) 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 a dedicated logical channel is used.

•  For dedicated type logical channels, the UE Id field in the MAC header is used to distinguish between UEs.
•  In the downlink, transport format combination selection is done for FACH and PCH
•  The CB-Scheduling function inside MAC-c supports the Short Message Service Cell Broadcast ( SMS CB ).
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Figure 4.2.4.2 UTRAN side MAC architecture / MAC-c details

Figure 4.2.4.3 shows the UTRAN side MAC-d entity. The following functionality is covered:
•  Dynamic transport channel type switching is performed by this entity, based on decision taken by RRC.
•  The C/T MUX box is used when multiplexing of several dedicated logical channels onto one transport

channel is used. C/T Mux is also responsible for priority setting on data received from DCCH / DTCH.
•  Each MAC-d entity using common channels is connected to a MAC-c entity that handles the scheduling of

the common channels to which the UE is assigned and DL (FACH) priority identification to MAC-c (priority
identification of each PDU for DTCH NRT data is FFS).

•  Each MAC-d entity using downlink shared channel is connected to a MAC-sh entity that handles the shared
channels to which the UE is assigned and indicates the level of priority of each PDU to MAC-sh and to
MAC-c.

•  Each MAC-d entity is responsible for mapping dedicated logical channels onto the available common and
dedicated transport channels. One dedicated logical channel can be mapped simultaneously on DCH and
DSCH.
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•  In the downlink, scheduling and priority handling of  transport channels is performed within the allowed
transport format combinations of the TFCS assigned by the RRC. This function supports the TFCI insertion
in Node B .

•  FAUSCH Handling indicates the function in the MAC-d supports the FAUSCH, details are ffs.
•  Support of Ciphering / Deciphering for transparent RLC operation in MAC , see [2] for details on the

concept.
•  A flow control function exists toward MAC-c and MAC-sh to limit buffering between MAC-d and MAC-c or

MAC-sh entities. This function is intended to limit layer 2 signalling latency and reduce discarded and
retransmitted data as a result of FACH or DSCH congestion. It also allows to handle quality of service if
MAC-d requires it.
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Figure  4.2.4.3 UTRAN side MAC architecture / MAC-d details

Figure 4.2.4.4 shows the UTRAN side MAC-sh entity. The following functionality is covered:
•  A specific UE ID is needed  when using the DSCH Control Channel to identify the UE on the DSCH. This

specific UE ID may be optimised for DSCH and will be allocated when a RAB is mapped onto a DSCH.
Additionally, some timing information is needed to tell the UE when to listen to DSCH.

•  The scheduling /priority handling box in MAC-sh shares the DSCH resources between the UEs and between
data flows according to their priority.

•  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 allocation  is used to indicate the code used on the DSCH  and the appropriate Transport format on
the DSCH.

•  Flow control is provided to MAC-d.
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The RLC has to provide RLC-PDU’s to the MAC which fits into the available transport blocks on the transport
channels respectively.

Data flow
External Control information

 NOTE(1):  The DSCH Control Channel may be represented by
 the FACH, details are for further study, If supported
by the FACH the data will be transferred to MAC-c
via priority/flow boxes.

NOTE(2):  The relation between the scheduling and the adding
                  of RNTI & physical  info has to be reviewed
NOTE(3):  The Demux functionality is used in TDD

NOTE(4):  For the USCH( TDD only ) the control
channel is represented by the FACH.
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Figure 4.2.4.4 UTRAN side MAC architecture / MAC-sh details
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