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4. General
4.1 Objective

4.2 Overview on MAC architecture

The following provides an overview of a common MAC architecture that encompasses both UMTS-FDD and UMTS-
TDD. There are differences of detail between the two systems but their architectures are sufficiently similar for a
common overview to be adopted. Followed by section 4.2.1 MAC entities, where the different MAC entities are
summarised, the sections 4.2.2-4 contain a more detailed description of the MAC architecture.

Note: The contents have to be reviewed, changes depend on further contributions

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 handlég® paging channel (PCHJe 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. NotévVhen 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.

e 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.

4.2.2 MAC-b -MAC-p-and MAC-sy

The following diagram illustrates the connectivity of the MAGCMAC-p-and MAC-sy entities in a UE and in each cell
of the UTRAN:

3GPP
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BCCH Mac Control SCCH
L L !
—
MAC-b | MAC-sy
BCH SCH
BCCH Mac Control PCCH SCCH
|
MAC-b MAC-p MAC-sy
1 I
BCH PCH SCH

Figure 4.2.2.1 UE side and UTRAN side architecture (BCCH ,PCCH and SCCH)

MAC-b-MAC-p and MAC-sy represesSCH_andBCH-anrd-PCHcontrol entities, which are cell-specific MAC entities
in the UTRAN. In the UE side there is one S@AJdBCH and-PEHcontrol entity per UE. The SCH control entity
handles synchronisation channels for the TDD mode. The details of this entity are left for further study. The MAC
Control SAP is used to transfer Control information to each MAC entity.

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 tlRCH,FACH and RACH commotransporsigrating 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. In the TDD implementation the MAC-sh transfers data from the DSCH to the MAC-
d and from the MAC-d to the USCH under control of the FACH. In the FDD implementation, the MAC-c may transfer

‘ data from the MAC-d to the CPCH.

3GPP
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PCCH CCCH MAC Control DCCH DTCH DTCH
5 &
— j—
MAC-d
] ]
MAC-c MAC- sh
PCH FACHFACHRACH CDLCH USCH DSCH DCH DCH

CCCH

—&

(FDD only) (TDD only)

MAC Control

DCCH DTCH DTCH

MAC-d

rDD only

MAC-c

MAC-sh

FACH RACH CPCH DCH DCH

(FDD only)

USCH

(TDD only)

DSCH

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 C/D MUX box represents the insertion and detection of the field in the MAC header, indicating whether a
common or dedicated logical channel is used.

e The c-RNTI field in the MAC header is used to distinguish between UEs.

* In the uplink, the possibility of transport format selection exists.

« Selection of Access Service Classes ( ASC ) for RACH, details on definition of ASC and the relation to the RACH
retransmission algorithm are ffs.

« Multiplexing/scheduling /priority handling is used to transmit the received information on RACH and CPCH.

« Channel selection is used to select an appropriately sized and available CPCH for transmission.
« Demultiplexing of received information inside MAC-c to CTCH is used to support Short Message Service Cell
Broadcast ( SMS CB).

3GPP
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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

PCCH

CCCH CTCH

MAC - Control

MAC-c

to MAC —d

add/read
c-RNTI

[ C/D MUX

[ Scheduling/Priority ’

Handling (3)

| |
UL: TF CPCH
selection selection (1)

ASC Selection (1)

L to MAC-sh (2)

PCH FACH FACH RACH CPCH (FDD only)
DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format UE User Equi pment
TFC Transport Format Combi nati on uL Uplink
1 details are ffs Note: The usage of c-RNTI for MAC-sh c onnection
[¢) for TDD only has to be reviewed
3) Scheduling /Priority handling is applicabl e for
CPCH, details are ffs.
cccH CTCH MAC - Control
MAC-c
to MAC —d
I to MAC —sh (2)
Demux ( C/T) add/read
Cc-RNTI
C/D MUX/
Scheduling/Priority Handling (3)
UL TF
selection CPCH
selection (1)
ASC Selection (1)

RACH FACH CPCH ( FDD only )
DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) details are ffs Note: The usage of c-RNTI for MAC-sh connection
) for TDD only has to be reviewed

(©)

Scheduling /Priority handling is applicable for
CPCH, details are ffs.

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

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.

3GPP
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< 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

e Support of Ciphering / Deciphering for transparent RLC operation in MAC , see [2] for details on the concept.

MAC Control DCCH DTCH DTCH

MAC-d
[ Channel switching J
cIT cIT [ Deciphering ]
MUX MUX
to MAC-c
—
to MAC-sh
UL: TFC selection
[ Ciphering ] [ FAUSCH Handling ]
P —— E—
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 Note 2 : The TFC selection place is under discussion
mechanism apply Note 3 : Ciphering is performed in MAC-d only for

transparent RLC mode

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.

e 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 and receives control information for shared
operation from MAC-c.

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

3GPP
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MAC - Control
MAC -d
MAC-sh
MAC -c
( .
Multiplexing
TDD only l
read RNTI
Iphysical
info
DSCH Control Channel USCH DSCH
TDD only
—— Data flow DL Downlink
External Control information TF Transport Format
TFC Transport Format Combination
NOTE(1): The DSCH Control Channel may be represented by =~ RNTI Radio Network Temporary Identity
the FACH, details are for further study UE User Equipment
NOTE(2): The multiplexing function has to be reviewed, also uL Uplink

the connection to read RNTI/ physical info box

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.

PCCH DCCH CCCH MAC Control

—>——H——

MAC Control DCCH DTCH DTCH

MAC-d —

TDD only

=

MAC-c MAC- sh

ﬂ

I_Ii

I I
PCH FACH FACH RACH CFJCH U£CH DSCH luf'orlocal DCH DCH

FDDonly  TDDonly
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CCCH

MAC Control

O

MAC-d

TDD only

-

ﬂ

MAC Control DCCH DTCH DTCH

T—j:&

MAC-c

MAC- sh

FACH RACH CPCH USCH DSCH lur or local DCH DCH

Figure 4.2.4.1: UTRAN side MAC architecture

FDDonly  TDD only

I_li

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 C/D box represents the insertion and detection of the field in the MAC header, indicating whether a common or

dedicated logical channel is used.

* For dedicated type logical channels, the c-RNTI field in the MAC header is used to distinguish between UEs.

* In the downlink, transport formabmbinationselectionismight-bedoneforif FACH-is-variable-rateand PCH

¢ The multiplexing of CTCH information and the CB-Scheduling function inside MAC-c supports the Short Message
Service Cell Broadcast ( SMS CB).
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PCCH

CCCH

S S

CTCH

MAC — Control

(€8}

only for TDD

MAC-c
Flow Control to MAC —d
MAC-c / MAC-d
CIT MUX [ —_— to MAC—sh
c-RNTI (1)
MUX
[ C/D MUX ]
Scheduling / Priority Handling/
CTCH: CB- Scheduling
[ TFC selection ]
<E: : .
I I I CPCH
PCH FACH FACH RACH (FDD only)
DL Downlink RNTI Radio Network Temporary Identity
TF Transport Format UE User Equi pment
TFC Transport Format Combi nati on uL Uplink
() only for TDD Note: The applicability of c-RNTI for connection to MAC-
shhas to be reviewed
cccH CTCH MAC — Control
- N\
MAC-c Flow Control to MAC —d
DL Scheduling MAC-c / MAC-d
/ Priority Handling N to MAC —sh
< ®
MUX (CIT) C-RNTI
MUX
] [
[ C/D MUX / CB- Scheduling J
DL: TF
selection
I ! CIPCH
RACH FACH (FDD only)
DL Downlink RNTI Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
Note: The applicability of c-RNTI for connection to MAC-

sh has to be reviewed

Figure 4.2.4.2 UTRAN side MAC architecture / MAC-c details
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8. Elements for layer-to-layer communication

8.1 Primitives between layers 1 and 2

see TS25.302

8.2 Primitives between MAC and RLC

8.2.1 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 MU _Data, Number
of transmitted RLC
PDUs
| MAC-ERROR X FFES]
MAC-STATUS X X [FFS]

Table 8.2.1 Primitives between MAC layer and RLC layer

MAC-DATA --RegdestIndication

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

¢ MAC-DATA --Indication primitive indicates the arrival efrupper layer PDYreceivedwithin one transmission
time intervalby means of the information transfer service.

MAC-STATUS-Indicatieci/Resmnse

¢ MAC-STATUS-Indication primitive indicates to RLC about changes in the rules under 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.

¢  MAC-STATUS-Resmnseenables RLC to acknowledge a MAC-STATURdication 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.

8.2.2 Parameters

a)_Message-Unit(MiData
It contains the RLC layer message ( RLC-PDU) to be transmittéde RLClayer 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.

ARIB Joint
is-changed

3GPP



TS 25.321 version 3.0.0 (1999-06) 3

3GPP



TS 25.321 version 3.0.0 (1999-06) 4

8.3 Primitives between -MAC and RRC
8.3.1 Primitives

The primitives between MAC and RRC are shown in Table 8.3.1

Generic Name Type Parameters
Request | Indication| Response| Confirm
CMAC-CONFIG X UE information elements
RAB information elements
TrCH information elements
RACH transmission contrql
elements
Ciphering elements
CHI
CMAC-CONNECT X X ffs
CMAC- X X Measurement __information
MEASUREMENT elements TRIG—TH,
RESULTPER
CMAC-STATUS X Status info.
CMAC-ERROR- X Reasonfor-error

Table 8.3.1 Primitives between MAC sub-layer and RRC

CMAC-CONFIG-Regzest

e CMAC-CONFIG Regestis used to request fgetup, release and configuration of a logical channel, e.g. RNTI
allocation,theswitching the connection between logical channels and transport charff€s update or
scheduling priority of logical channel.

CMAC-MEASUREMENT--RegzestIndication
. CMAC-MEASUREMENT--Regsestis use y R Cto requesMAC to perform measrements e.qg. traf'flc

volume measurements-me
Block Error)
* CMAC-MEASUREMENT--Indicationis used to notifRRC of the measuemenirg result.

CMAC-STATUS-Indieatien

¢ CMAC-STATUS-Indication primitive notifiesRRChe-management-entitgf statusinformation.

RROR Indicati irpitiy ifi ity j peration of the

8.3.2 Parameters
See 25.331 for a detailed description of the UE, RAB and TrCH information elements.

a)Channel-information (CHI)

3GPP
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a) UE information elements
S-RNTI
SRNC identity
C-RNTI
Activation time

b) RAB information elements
RAB multiplexing info (Transport channel identity, Logical channel identity, MAC logical channel priority)

c) TrCH information elements
Transport Format Combination Set

d) Measurement information elements

(Details are ffs)

be reported

fle) Status info

Maximum number of preamble ramping cycles reached.

Itis-management entity of status-information.

f)  RACH transmission control elements
Persistence value P
Maximum number of preamble ramping cyclegM
Others (ffs., e.g. minimum and maximum number of time units between two preamble ramping cycles)

g) _ Ciphering elements

Ciphering mode

Ciphering key
Ciphering sequence number

3GPP
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3. Definitions, abbreviations and symbols
3.1 Definitions

See [9] for a definition of fundamental concepts and vocabulary.

3.2 Abbreviations

ARQ Automatic Repeat Request

ASC Access Service Class

BCCH Broadcast Control Channel

BCH Broadcast Channel

C- Control-

CC Call Control

CCCH Common Control Channel
CCTrCH Coded Composite Transport Channel
CPCH Common Packet Channel (UL)
CN Core Network

CRC Cyclic Redundancy Check

DC Dedicated Control (SAP)

DCA Dynamic Channel Allocation
DCCH Dedicated Control Channel

DCH Dedicated Channel

DL Downlink

DRNC Drift Radio Network Controller
DSCH Downlink Shared Channel

DTCH Dedicated Traffic Channel

FACH Forward Link Access Channel
FAUSCH Fast Uplink Signalling Channel
FCS Frame Check Sequence

FDD Frequency Division Duplex

GC General Control (SAP)

HO Handover

ITU International Telecommunication Union
kbps kilo-bits per second

L1 Layer 1 (physical layer)

L2 Layer 2 (data link layer)

L3 Layer 3 (network layer)

LAC Link Access Control

LAI Location Area ldentity

MAC Medium Access Control

MM Mobility Management

Nt Notification (SAP)

OCCCH ODMA Common Control Channel
ODCCH ODMA Dedicated Control Channel
ODCH ODMA Dedicated Channel
ODMA Opportunity Driven Multiple Access
ORACH ODMA Random Access Channel
ODTCH ODMA Dedicated Traffic Channel
PCCH Paging Control Channel

PCH Paging Channel

PDU Protocol Data Unit

PHY Physical layer

PhyCH Physical Channels

RACH Random Access Channel

RLC Radio Link Control

3GPP
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User Equipment with ODMA relay operation enabled

RNC Radio Network Controller

RNS Radio Network Subsystem

RNTI Radio Network Temporary Identity

RRC Radio Resource Control

SAP Service Access Point

SCCH Synchronization Control Channel

SCH Synchronization Channel

SDuU Service Data Unit

SHCCH Shared Channel Control Channel
SRNC Serving Radio Network Controller
SRNS Serving Radio Network Subsystem
TDD Time Division Duplex

TFCI Transport Format Combination Indicator
TFI Transport Format Indicator

TMSI Temporary Mobile Subscriber Identity
TPC Transmit Power Control

U- User-

UE User Equipment

UER

UL Uplink

UMTS Universal Mobile Telecommunications System
URA UTRAN Registration Area

USCH Uplink Shared Channel

UTRA UMTS Terrestrial Radio Access

UTRAN UMTS Terrestrial Radio Access Network
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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 FACH and RACH common signalling channels, is connected with the

MAC-d for transfer of data and RNTI. The MAC C
entity. +a-the TBB-implementation-thEhe MAC-sh

ontrol SAP is used to transfer Control information to each MAC
transfers data from the DSCH to the MAC-d and from the MAC-d

to the USCH (TDD only) under control of the-FABRC. In the FDD implementation, the MAC-c may transfer data

from the MAC-d to the CPCH.

CCCH

—&

MAC Control DCCH DTCH DTCH

MAC-d
[T ] |
MAC-C MAC- sh
FACH RACH CPCH USCH DSCH DCH DCH
(FDD only) (TDD only)
CCcCH  SHCCH MAC Control DCCH DTCH DTCH
MAC-d
MAC-c MAC- sh
FACH RACH CPCH USCH DSCH DCH DCH

(FDD only)

(DD only)

Figure 4.2.3.1 UE side MAC architecture
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* The TCTE MUX box represents the insertion and detection of the TCTF field in the MAC header, indicating the
common channel type or dedicated logical channel used or whether SHCCH is used.

e The c-RNTI field in the MAC header is used to distinguish between UEs.

« In the uplink, the possibility of transport format selection exists.

« Selection of Access Service Classes ( ASC ) for RACH, details on definition of ASC and the relation to the RACH
retransmission algorithm are ffs.

< Multiplexing/scheduling /priority handling is used to transmit the received information on RACH and CPCH.

< Channel selection is used to select an appropriately sized and available CPCH for transmission.
« Demultiplexing of received information inside MAC-c to CTCH is used to support Short Message Service Cell
Broadcast ( SMS CB).

CCCH CTCH MAC - Control
MAC-c
to MAC —d
I 1 to MAC —sh (2)

Demux ( C/T) add/read

Cc-RNTI
I I
C/D MUX/

Scheduling/Priority Handling (3)

e— ]

UL TF
CPCH
selection (1)

selection

ASC Selection (1)

RACH FACH CPCH (FDD only)
DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) details are ffs Note: The usage of c-RNTI for MAC-sh connection
) for TDD only has to be reviewed
3) Scheduling /Priority handling is applicable for

CPCH, details are ffs.
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CCCH CTCH SHCCH MAC — Control
(TDD only)

to MAC —d

add/read
C-RNTI

TCTF MUX/
Scheduling/Priority Handling (3)

A B

UL: TF
selection

TCTF MUX output

A: Common Channel
B: SHCCH

C: Dedicated Channel

CPCH

selection (1)

ASC Selection (1)

RACH FACH CPCH (FDD only )
DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) details are ffs Note: The usage of c-RNTI for MAC-sh connection
@) for TDD only has to be reviewed
3) Scheduling /Priority handling is applicable for

CPCH, details are ffs.

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.

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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MAC Control DCCH DTCH DTCH

MAC-d
[ Channel switching ]
cIT cIT [ Deciphering ]
MUX MUX
to MAC-c
MUX
to MAC-sh
[UL: TFC selection
[ Ciphering ] [ FAUSCH Handling ]
_ E—
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 Note 2 : The TFC selection place is under discussion
mechanism apply Note 3 : Ciphering is performed in MAC-d only for

transparent RLC mode

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 USCHand-receives-controlinformationfor shared

operationfrom-MAC-c

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

3GPP



3G TS 25.321v3.0.0 8

MAC - Control
MAC -d
MAC-sh
MAC -c
( . .
Multiplexing
read RNTI
Inhvcical
+physteat
info
DSCH Control Channel USCH DSCH
TOD only
—— Data flow DL Downlink
External Control information TF Transport Format
TFC Transport Format Combination
NOTE(1): The DSCH Control Channel may be represented by =~ RNTI Radio Network Temporary Identity
the FACH, details are for further study UE User Equipment
NOTE(2): The multiplexing function has to be reviewed, also uL Uplink
the connection to read RNTI/ physical info box
MAC - Control
MAC -d
MAC-sh
Multiplexing ]
read RNTI
Iphysical
info
1 I 1
DSCH Control Channel USCH DSCH
TDD only
— Data flow DL Downlink
External Control information TF Transport Format
TFC Transport Format Combination
NOTE(1): The DSCH Control Channel may be represented by =~ RNTI Radio Network Temporary Identity
the FACH, details are for further study UE User Equipment
NOTE(2): The multiplexing function has to be reviewed, also uL Uplink

the connection to read RNTI/ physical info box

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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CCCH

MAC Control

MAC Control DCCH DTCH DTCH

O

MAC-d

TDD only

-

ﬂ

T—j:&

MAC-c

MAC- sh

FACH RACH CPCH USCH DSCH

FDDonly  TDD only

lur or local

I_li

DCH DCH

MAC Control DCCH DTCH DTCH

MAC-d

|
SHCCH
CCCH oo ony MAC Control i
D) :
]
!
]
]
]
i
T
|
]
——
| I
]
MAC-c MAC- sh

FACH RACH CPCH USCH DSCH

Figure 4.2.4.1: UTRAN side MAC architecture

FDDonly  TDD only

lur or local

Jr—j:&

I_li

DCH DCH

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 provid

dedicatedogical-channelisused.
* The TCTF MUX box represents the insertion and detection of the TCTF field in the MAC header, indicating the

ed to MAC-d.

common channel type or dedicated logical channel used or whether SHCCH is used.

* For dedicated type logical channels, the c-RNTI field in the MAC header is used to distinguish between UEs.

* In the downlink, transport format selection might be done if FACH is variable rate.

¢ The multiplexing of CTCH information and the CB-Scheduling function inside MAC-c supports the Short Message
Service Cell Broadcast ( SMS CB).
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ceeH cTeH MAC — Control
ASY ) Flow Control to MAC —d
DL Scheduling MAC-c / MAC-d
/ Priority Handling R —— to MAC —sh
- @
MUX ( C/IT) C-RNTI
MUX

[ C/D MUX  CB- Scheduling ]

DL: TF

selection

Figure 4.2.4.2 UTRAN side MAC

| T
CPCH
RACH FACH (FDD only )

DL Downlink RNTI Radio Network Temporary Identity

TF Transport Format UE User Equipment

TFC Transport Format Combination uL Uplink

1) only for TDD Note: The applicability of c-RNTI for connection to MAC-

sh has to be reviewed
CCCH CTCH SHCCH MAC — Control
(TDD only)
MAC-c N
Flow Control
. to MAC —d
DL Scheduling MAC-c / MAC-d
/ Priority Handling
A
[ TCTF MUX output
A: Common Channel
B: Dedicated
DL: TF C: SHCCH
selection
1
I ! CIPCH
RACH FACH (FDD only )

DL Downlink RNTI Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) only for TDD Note The applicability of c-RNTI for connection to MAC-

sh has to be reviewed

architecture / MAC-c details
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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 support the-dSEH-. and the
connection-to-the MAC-c

The scheduling/priority handling box also prioritizes between UL & DL capacity allocation indications when

the FACH is used for both DSCH and USCH control channels (FACH is used for TDD — FDD is FFS).

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.

( Note: Capacity allocation synchronization related to the USCH/ DSCH transmission is ffs. )

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

3GPP
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MAC - Control

MAC-sh
MAC —c . - . A
ToD anly Scheduling / Priority handling / Flow Control
Demux (3) MAC-sh / MAC -d
1§ MAC-d |
Add UE ID
& physical
info
f DL: cod DL 1
[ allocation aIIocationJ
1
T 1
USCH DSCH Control Channel DSCH
TDD only
—— Data flow DL Downlink
External Control information TF Transport Format
TFC Transport Format Combination
NOTE(1): The DSCH Control Channel may be represented by ~ RNTI Radio Network Temporary Identity
the FACH, details are for further study, If supported ~ UE User Equipment
by the FACH the data will be transferred to MAC-c uL Uplink
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): Forthe USCH( TDD only ) the control
channel is represented by the FACH.
MAC - Control
MAC-sh o
Scheduling / Priority handling / Flow Control
Demux (3) MAC-sh / MAC -d
MAC-d )

Add UE ID

& physical
info

DL: code DL: code
allocation allocation

I

T |
USCH I DSCH Control Channel DSCH
TDD only
—— Data flow DL Downlink
External Control information TF Transport Format

NOTE(1):

NOTE(2):

NOTE(3):

TFC

The DSCH Control Channel may be represented by ~ RNTI
the FACH, details are for further study, If supported ~ UE
by the FACH the data will be transferred to MAC-c uL
via priority/flow boxes.

The relation between the scheduling and the adding

of RNTI & physical info has to be reviewed

The Demux functionality is used in TDD
NOTE(4): For the USCH( TDD only ) the control
channel is represented by the FACH.

Transport Format Combination
Radio Network Temporary Identity
User Equipment

Uplink

Figure 4.2.4.4 UTRAN side MAC architecture / MAC-sh details
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4.3.2 Logical Channels

The MAC layer provides data transfer services on logical channels. A set of logical channel types is defined for different
kinds of data transfer services as offered by MAC. Each logical channel type is defined by what type of information is

transferred.

4.3.2.1 Logical channel structure

The configuration of logical channel types is depicted in Figure 4.3.2.1:

Control Channel —— Synchronisation Control Channel (SCCH)

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

Common Control Channel (CCCH)
ODMA Dedicated Control Channel (ODCCH)

ODMA Common Control Channel (OCCCH)

Traffic Channel —5————— Dedicated Traffic Channel (DTCH)

ODMA Dedicated Traffic Channel (ODTCH)

Common Traffic Channel ( CTCH)

Control Channel —— Synchronisation Control Channel (SCCH)

Broadcast Control Channel (BCCH)
Paging Control Channel (PCCH)

Dedicated Control Channel (DCCH)

Common Control Channel (CCCH)
ODMA Dedicated Control Channel (ODCCH)

ODMA Common Control Channel (OCCCH)
Shared Channel Control Channel (SHCCH)

Traffic Channel ————— Dedicated Traffic Channel (DTCH)

ODMA Dedicated Traffic Channel (ODTCH)

Common Traffic Channel (CTCH)

Figure 4.3.2.1 : Logical channel structure

4.3.2.2 Control Channels

Following control channels are used for transfer of control plane information only:
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¢ Synchronisation Control Channel (SCCH)

e Broadcast Control Channel (BCCH)

« Paging Control Channel (PCCH)

e Common Control Channel (CCCH)

« Dedicated Control Channel (DCCH)

e ODMA Common Control Channel (OCCCH)
* ODMA Dedicated Control Channel (ODCCH)
e Shared Channel Control Channel (SHCCH)

3GPP
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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

* PCCH is connected to PCH

¢ CCCHis 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.

e 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 FACH.

3GPP
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6.2 Relation between MAC Functions / Transport Channels and UE

6.2.1 Relation between MAC Functions and Transport Channels

Associated Logical | Transport| TF Priority Priority Scheduling | Identifica| Mux/Demu | Mux/ Dynamic
MAC Ch Ch Selection | handling | handling tion of x on Demux on | transport
Functions between | (one user) UEs common dedicated | CH
users transport transport switching
CH CH
Uplink CCCH RACH X
(Rx)
DCCH RACH X X
DCCH CPCH X X X
DCCH DCH X
DTCH RACH X X
DTCH CPCH X X X
DTCH DCH X
Downlink SCCH SCH
(™)
BCCH BCH 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(notel) X X X X
DTCH DSCH X(note2) X X X
DTCH DCH X X X X
SHCCH | FACH X X

(Notel) On FACH channel, the transport format set is limited.

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

(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.
e Traffic volume monitoring
¢ Constrained execution of open loop power control algorithms

Further, the following additional functions are not included yet in the table :
* Routing of higher layer signalling
¢ Maintenance of a MAC signalling connection between peer MAC entities

*  Monitoring the links of the assigned resources

¢ Processing of messages received at common control channels

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 | Transport | TF Selection Priority Identification | Mux/Demux on | Mux/Demux | Dynamic
Ch Ch handling common on dedicated | transport
data of one transport transport channel type
user channels channels switching
Uplink CCCH RACH X
()
DCCH RACH X(notel) X X
DCCH CPCH X X X X X
DCCH DCH X X X
DTCH RACH X(notel) X X X
DTCH CPCH X X X X X
DTCH DCH X X X X
Downlink SCCH SCH
(Rx)
BCCH BCH
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 EFACH X

Table 2 UE MAC functions corresponding to the transport channel

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

Note: This table has to be reviewed

3GPP
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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. 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 header < MAC SDU >
C/D |UE-Id | C/T MAC SDU

:MAC header < MAC SDU >

TCTF |UE-Id | C/T MAC SDU

Figure 9.1.1.MAC data PDU

9.1.2 MAC Control PDU

MAC Control PDU consist elements for the control of the operation. The details are ffs.

9.2 Formats and parameters

9.2.1 MAC Data PDU: Parameters of the MAC header

The following fields are defined for the MAC header:
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_— Table 9.2.1.1: Coding-ofthe C/D-Field

* Target Channel Type Field
The TCTF field is a triple-bit flag that provides identification of the logical channel class on FACH and RACH
transport channels, i.e. whether it carries CCCH or CTCH or dedicated channel information or shared channel
control information over SHCCH.

TCTF Designation
000 CCCH
001 CTCH
010 DCCH or DTCH

over RACH/FACH

011 SHCCH (TDD only);
the usage for FDD is ffg

100 For future use

101 For future use

110 For future use

111 For future use

Table 9.2.1.1: Coding of the Target Channel Type Field

* CIT 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.

3GPP
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CIT field Designation
(e.g.
4 bits )
0000 Logical channel 1
0001 Logical channel 2
1111 Logical channel 16

Table 9.2.1.2: Structure of the C/T field

« UE-Id
The UE-Id field provides an identifier of the UE . The following types of UE-Id are currently defined:

s-RNTI, this UE Id is related to the serving RNC
¢c-RNTI, this UE Id is related to the controlling RNC.

In addition for UE’s having a RRC connection the S-RNC identifier exist.

s-RNTI together with S-RNC identifier is used for URA update RRC connection reestablishment and UTRAN
originated paging messages and there associated responses.

c-RNTI is used as a UE identifier in all other DCCH/DTCH common channel messages on the air interface.

Note: Whether or not other UE-Id types are needed is ffs.

9.21.1 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:
C/B-TCTEF field and UE-Id are included in the MAC header. C/T field is included if multiplexing on MAC is
applied.

e)d) DTCH or DCCH mapped to DSCH:
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.
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Case a): MAC SDU
Case b): c/T MAC SDU
Case c): C/D | UE-d : E/ZI’ : MAC SDU
Case d): UE-Id : —E/—_T MAC SDU
Case a): MAC SDU
Case b): c/T MAC SDU
Case c): TCTF| UE-ld : E/__T : MAC SDU

Figure 9.2.2.1: MAC Data PDU formats for DTCH and DCCH

9.2.1.2 MAC header for CCCH
Note: The concept for using UE Id on CCCH has to be reviewed

a) CCCH mapped to RACH/FACH:
| E/BTCTF has to be included and UE-id field may be included in MAC header. Details of usage the UE-id field is
ffs.
b) CCCH mapped to RACH/FACH, where CCCH is the only channel (ffs):
UE-id field may be included in the MAC header.

-Note: The usage of the MAC header for BCCH and PCCH is ffs.
The address used for initial addressing is ffs, a possible solution may be to use a Random or CN related Identifier.

Case a): C/D | UE-Id MAC SDU

Case b): UE-Id MAC SDU
Case a): TCTF| UE-Id MAC SDU
Case b): UE-Id MAC SDU

Figure 9.2.1.2.1 : MAC Data PDU formats for CCCH
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9.2.1.3 MAC Header for CTCH

The MAC header for CTCH mapped to FACH is as shown in figure 9.2.1.3.1

C/D C/1 VIAU SDU

TCTF MAC SDU

Figure 9.2.1.3.1 : MAC Data PDU format for CTCH

Cfield-indicates-whetherit-belongs-to-CCCH-or CTTHe TCTF field indicates whether data is mapped to common
or dedicated channels and whether it belongs to CCCH or CTCH. In case of CTCH, it identifies whether the message is
SMS CB message or Schedule message

9.2.1.4 MAC Header for SHCCH
The MAC header for SHCCH is as shown in figure 9.2.1.3.2

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

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

Case a): TCTF MAC SDU

Case b): MAC SDU

Figure 9.2.1.4.1 : MAC Data PDU format for SHCCH
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3. Definitions, abbreviations and symbols
3.1 Definitions

See [9] for a definition of fundamental concepts and vocabulary.

3.2 Abbreviations

ARQ Automatic Repeat Request

ASC Access Service Class

BCCH Broadcast Control Channel

BCH Broadcast Channel

C- Control-

CC Call Control

CCCH Common Control Channel
CCTrCH Coded Composite Transport Channel
CPCH Common Packet Channel (UL)
CN Core Network

CRC Cyclic Redundancy Check

DC Dedicated Control (SAP)

DCA Dynamic Channel Allocation
DCCH Dedicated Control Channel

DCH Dedicated Channel

DL Downlink

DRNC Drift Radio Network Controller
DSCH Downlink Shared Channel

DTCH Dedicated Traffic Channel

FACH Forward Link Access Channel
FAUSCH Fast Uplink Signalling Channel
FCS Frame Check Sequence

FDD Frequency Division Duplex

GC General Control (SAP)

HO Handover

ITU International Telecommunication Union
kbps kilo-bits per second

L1 Layer 1 (physical layer)

L2 Layer 2 (data link layer)

L3 Layer 3 (network layer)

LAC Link Access Control

LAI Location Area ldentity

MAC Medium Access Control

MM Mobility Management

Nt Notification (SAP)

OCCCH ODMA Common Control Channel
ODCCH ODMA Dedicated Control Channel
ODCH ODMA Dedicated Channel
ODMA Opportunity Driven Multiple Access
ORACH ODMA Random Access Channel
ODTCH ODMA Dedicated Traffic Channel
PCCH Paging Control Channel

PCH Paging Channel

PDU Protocol Data Unit

PHY Physical layer

PhyCH Physical Channels

RACH Random Access Channel
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RLC Radio Link Control

RNC Radio Network Controller

RNS Radio Network Subsystem

RNTI Radio Network Temporary Identity

RRC Radio Resource Control

SAP Service Access Point

SCCH Synchronization Control Channel

SCH Synchronization Channel

SDuU Service Data Unit

SHCCH Shared Channel Control Channel
SRNC Serving Radio Network Controller
SRNS Serving Radio Network Subsystem
TDD Time Division Duplex

TFCI Transport Format Combination Indicator
TFI Transport Format Indicator

TMSI Temporary Mobile Subscriber Identity
TPC Transmit Power Control

U- User-

UE User Equipment

UEr User Equipment with ODMA relay operation enabled
UL Uplink

UMTS Universal Mobile Telecommunications System
URA UTRAN Registration Area

USCH Uplink Shared Channel

UTRA UMTS Terrestrial Radio Access

UTRAN UMTS Terrestrial Radio Access Network

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 FACH and RACH common signalling 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. in-the TDB-implementationlhe MAC-sh transfers data from the DSCH to the MAC-d and from the MAC-d to
the USCH(TDD only) under control of th&ACHRRC. In the FDD implementation, the MAC-c may transfer data from
the MAC-d to the CPCH.

CCCH SHCCH  MAC Control DCCH DTCH DTCH

(TDD only)

MAC-d

MAC-c MAC- sh

FACH RACH CPCH USCH DSCH DCH DCH

(FDD only) (TDD only)
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CCCH MAC Control DCCH DTCH DTCH

—&

MAC-d

rDD only |

MAC-c MAC-sh

FACH RACH CPCH USCH DSCH DCH DCH

(FDD only) (TDD only)

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 C/D MUX box represents the insertion and detection of the field in the MAC header, indicating whether a
common or dedicated logical channel is used.

e The c-RNTI field in the MAC header is used to distinguish between UEs.

< In the uplink, the possibility of transport format selection exists.

« Selection of Access Service Classes ( ASC ) for RACH, details on definition of ASC and the relation to the RACH
retransmission algorithm are ffs.

e Multiplexing/scheduling /priority handling is used to transmit the received information on RACH and CPCH.

« Channel selection is used to select an appropriately sized and available CPCH for transmission.

« Demultiplexing of received information inside MAC-c to CTCH is used to support Short Message Service Cell
Broadcast ( SMS CB).
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5
CCCH CTCH MAC - Control
MAC-c
to MAC —d
I | to MAC —sh (2)
Demux ( C/T) add/read
Cc-RNTI
C/D MUX/
Scheduling/Priority Handling (3)
UL TF I
selection

ASC Selection (1)

CPCH
selection (1)

RACH

FACH

CPCH ( FDD only)

DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) details are ffs Note: The usage of c-RNTI for MAC-sh connection
) for TDD only has to be reviewed
3) Scheduling /Priority handling is applicable for
CPCH, details are ffs.
CCCH  CTCH SHCCH MAC — Control
TDD only,
MAC-c
to MAC —d
I
Demux ( C/T) add/read
c-RNTI
C/D MUX/
Scheduling/Priority Handling (3)
UL: TF
selection CPCH
selection (1)
ASC Selection (1)
RACH FACH CPCH (FDD only)
DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink

(€}
3)

details are ffs
for TDD only

Note:

Scheduling /Priority handling is applicable for

CPCH, details are ffs.

The usage of ¢c-RNTI for MAC-sh connection
has to be reviewed

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:

used.

common channels to which the UE is assigned.

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

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

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.
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< 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

e Support of Ciphering / Deciphering for transparent RLC operation in MAC , see [2] for details on the concept.

MAC Control DCCH DTCH DTCH

MAC-d
[ Channel switching J
cIT cIT [ Deciphering ]
MUX MUX
to MAC-c
—
to MAC-sh
UL: TFC selection
[ Ciphering ] [ FAUSCH Handling ]
_ E—
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 Note 2 : The TFC selection place is under discussion
mechanism apply Note 3 : Ciphering is performed in MAC-d only for

transparent RLC mode

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.

e 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 US&#Hilreceives-controbinformationforshared

coormbentre AT s,

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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MAC - Control

MAC -d
MAC-sh
Multiplexing ]
read RNTI
Iphysical
info
I
DSCH Control Channel USCH DSCH
TDD only
—— Data flow DL Downlink
External Control information TF Transport Format
TFC Transport Format Combination
NOTE(1): The DSCH Control Channel may be represented by =~ RNTI Radio Network Temporary Identity
the FACH, details are for further study UE User Equipment
NOTE(2): The multiplexing function has to be reviewed, also uL Uplink
the connection to read RNTI/ physical info box
MAC - Control
MAC -d
MAC-sh
MAC -c
Multiplexing
TOD only
read RNTI
Iohvsical
fpRysieat
info
DSCH Control Channel USCH DSCH
TOD only
—— Data flow DL Downlink
External Control information TF Transport Format
TFC Transport Format Combination
NOTE(1): The DSCH Control Channel may be represented by =~ RNTI Radio Network Temporary Identity
the FACH, details are for further study UE User Equipment

NOTE(2): The multiplexing function has to be reviewed, also uL Uplink

the connection to read RNTI/ physical info box

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

Iocated in the Controlllng RNC Whl|e MAC-d is Iocated in the servmg RN@%HGGH%AQI&HS@G%@%F&HS%FG@HUM
A : -The MAC Control SAP is used

to transfer Control |nformat|on to each MAC entlty belongs to one UE.
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CCCH MAC Control

O

MAC Control DCCH DTCH DTCH

T—j:&

MAC-d -

TDD only

-

MAC-c MAC- sh

ﬂ

I_li

}
FACH RACH CPCH USCH DSCH Iuror local DCH DCH

FDDonly  TDD only

CCCH SHccHMAC

MAC Control DCCH DTCH DTCH

Jr—j:&

MAC-d -

ﬂ

MAC-c MAC- sh

I_li

}
FACH RACH CPCH USCH DSCH Iuror local DCH DCH

FDDonly  TDD only

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:

e 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 C/D box represents the insertion and detection of the field in the MAC header, indicating whether a common or
dedicated logical channel is used.

* For dedicated type logical channels, the c-RNTI field in the MAC header is used to distinguish between UEs.

* In the downlink, transport format selection might be done if FACH is variable rate.

* The multiplexing of CTCH information and the CB-Scheduling function inside MAC-c supports the Short Message
Service Cell Broadcast ( SMS CB).
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CCCH CTCH SHCCH MAC — Control
M -
- N\ ( )
MAC-c Flow Control to MAC —d
DL Scheduling MAC-c / MAC-d
/ Priority Handling eSS4
/
MUX ( CIT) C-RNTI
MUX
[ C/D MUX / CB- Scheduling ]
DL: TF
selection
1
I ! CIPCH
RACH FACH (FDD only )
DL Downlink RNTI Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) only for TDD Note: The applicability of c-RNTI for connection to MAC-
sh has to be reviewed
CCCH CTCH MAC — Control
o N\
MAC-c Flow Control
) to MAC —d
DL Scheduling MAC-c / MAC-d
/ Priority Handling — to MAC —sh
< ®
MUX ( CIT) C-RNTI
MUX
] [ T
[ C/D MUX ] CB- Scheduling J
DL: TF
selection
1
I I CIPCH
RACH FACH (FDD only )
DL Downlink RNTI Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination UL Uplink
1) only for TDD Note: The applicability of c-RNTI for connection to MAC-

sh has to be reviewed

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.
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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.

e 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.

DCCH DTCH DTCH

%ﬁ?

[ Channel switching ]

[ Deciphering ]

MAC-Control

CIT MUX
[ Priority
setting

CIT
Flow Control
MAC-c /
MAC-d

to MAC-c —

DL scheduling/

Flow Control
MAC-sh/
MAC-d

priority handling (2)

to MAC- sh —

[ 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 2) Support TFCI insertion in Node B
mechanisms apply Note 3:  Ciphering is performed in MAC-d only for

transparent RLC mode

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.

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

e 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.

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.
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MAC - Control

MAC-sh ~
Scheduling / Priority handling / Flow Control
Demux (3) MAC-sh / MAC -d
MAC-d )
Add UE ID
& physical
info
DL: code DL: code
allocation allocation
1
T 1
USCH DSCH Control Channel DSCH
TDD only
—— Data flow DL Downlink
External Control information TF Transport Format
TFC Transport Format Combination
NOTE(1): The DSCH Control Channel may be represented by ~ RNTI Radio Network Temporary Identity
the FACH, details are for further study, If supported ~ UE User Equipment
by the FACH the data will be transferred to MAC-c uL Uplink
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): Forthe USCH( TDD only ) the control
channel is represented by the FACH.
MAC - Control
MAC-sh
MAC —c s : - : )
oD anly cheduling / Priority handling / Flow Control
Demux (3) MAC-sh / MAC -d
L MAC-d

Add UE ID

& physical
info

[ DL: code U DL: code)

L allocation J_LallocationJ
|

1
T 1
USCH DSCH Control Channel DSCH
TDD only
—— Data flow DL Downlink
External Control information TF Transport Format
TFC Transport Format Combination

NOTE(1): The DSCH Control Channel may be represented by ~ RNTI
the FACH, details are for further study, If supported ~ UE
by the FACH the data will be transferred to MAC-c UL
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): Forthe USCH( TDD only ) the control

channel is represented by the FACH.

4.3.2 Logical Channels

The MAC layer provides data transfer services on logical channels. A set of logical channel types is defined for different
kinds of data transfer services as offered by MAC. Each logical channel type is defined by what type of information is

transferred.

3GPP
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4.3.2.1 Logical channel structure
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The configuration of logical channel types is depicted in Figure 4.3.2.1:

Control Channel —

Synchronisation Control Channel (SCCH)
Broadcast Control Channel (BCCH)

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

Common Control Channel (CCCH)
ODMA Dedicated Control Channel (ODCCH)

Traffic Channel —

Control Channel —

Traffic Channel —

ODMA Common Control Channel (OCCCH)

Dedicated Traffic Channel (DTCH)
ODMA Dedicated Traffic Channel (ODTCH)

Common Traffic Channel ( CTCH)

Synchronisation Control Channel (SCCH)
Broadcast Control Channel (BCCH)

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

Common Control Channel (CCCH)
ODMA Dedicated Control Channel (ODCCH)

ODMA Common Control Channel (OCCCH)
Shared Channel Control Channel (SHCCH)

Dedicated Traffic Channel (DTCH)
ODMA Dedicated Traffic Channel (ODTCH)

Common Traffic Channel ( CTCH)

Figure 4.3.2.1 : Logical channel structure

4.3.2.2 Control Channels

Following control channels are used for transfer of control plane information only:
«  Synchronisation Control Channel (SCCH)

¢ Broadcast Control Channel (BCCH)
e Paging Control Channel (PCCH)

¢ Common Control Channel (CCCH)
e Dedicated Control Channel (DCCH)

¢ ODMA Common Control Channel (OCCCH)
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« ODMA Dedicated Control Channel (ODCCH)
e Shared Channel Control Channel (SHCCH)

3GPP
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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

¢ PCCH is connected to PCH

* CCCHi s 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

e DCCH and DTCH can be mapped to the USCH ( TDD only)

e  SHCCH is connected to RACH and FACH

5. Services provided to upper layers

5.1 Description of Services provided to upper layers

¢ Data transfer

« Reallocation of radio resources and MAC parameters
* Reporting of measurements

6.2 Relation between MAC Functions / Transport Channels and UE

6.2.1 Relation between MAC Functions and Transport Channels

Associated Logical | Transport | TF Priority Priority Scheduling | Identifica| Mux/Demu | Mux/ Dynamic
MAC Ch Ch Selection | handling | handling tion of X on Demux on | transport
Functions between | (one user) UEs common dedicated CH
users transport transport switching
CH CH
Uplink CCCH RACH X
(R¥)
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 SCCH SCH
(™)
BCCH BCH 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(notel) X X X X
DTCH DSCH X(note2) X X X
DTCH DCH X X X X
SHCCH | FACH X X
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Table 1 UTRAN MAC functions corresponding to the transport channel (note3)

(Notel) 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.

e Mapping between logical channels and transport channels.
e 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

Functions Logical | Transport | TF Selection Priority Identification | Mux/Demux on | Mux/Demux | Dynamic
Ch Ch handling common on dedicated | transport
data of one transport transport channel type
user channels channels switching
Uplink CCCH RACH X
()
DCCH RACH X(notel) X X
DCCH CPCH X X X X X
DCCH DCH X X X
DTCH RACH X(notel) X X X
DTCH CPCH X X X X X
DTCH DCH X X X X
SHCCH | RACH X

Downlink SCCH SCH
(Rx)

BCCH BCH
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

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

Note: This table has to be reviewed

3GPP
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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 FACH and RACH common signalling 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. In the TDD implementation the MAC-sh transfers data from the DSCH to the
MAC-d and from the MAC-d to the USCH under control of the FACH. In the FDD implementation, the MAC-c
may transfer data from the MAC-d to the CPCH.

CCCH MAC Control DCCH DTCH DTCH

—&

MAC-d

rDD only |

MAC-c MAC- sh

FACH RACH CPCH USCH DSCH DCH  DCH

(FDD only) (TDD only)

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 C/D MUX box represents the insertion and detection of the field in the MAC header, indicating whether

a common or dedicated logical channel is used.

The c-RNTI field in the MAC header is used to distinguish between UEs.

In the uplink, the possibility of transport format selection exists.

Selection-aASC selection: MAC indicates the ASC associated with the PDU to the physical layer (this is to

ensure that RACH messages associated with a -gipecess Service Class ( ASCaye sent on the
appropriatéerRACH signaturés) and time slot(s)) MAC also applles the approprlate back- of'f Darameter(s)

associated with the given ASGle

Sloostharrois

Multiplexing/scheduling /priority handling is used to transmit the received information on RACH and
CPCH.

Channel selection is used to select an appropriately sized and available CPCH for transmission.
Demultiplexing of received information inside MAC-c to CTCH is used to support Short Message Service
Cell Broadcast ( SMS CB).



CCCH CTCH

MAC-c

MAC - Control

to MAC —d

to MAC —sh (2)

C-RNTI

(Demux (cm add/read]

C/D MUX/
Scheduling/Priority Handling (3)

UL TF
selection

ASC Selection (1)

CPCH
selection (1)

Demux ( C/T)

add/read
Cc-RNTI

C/D MUX/

Scheduling/Priority Handling (3)

UL: TF
selection

ASC Selection

CPCH

selection (1)

RACH FACH CPCH (FDD only )
DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format User Equipment
TFC Transport Format Combination Uplink
1) details are ffs The usage of c-RNTI for MAC-sh connection
) for TDD only has to be reviewed
3) Scheduling /Priority handling is applicable for
CPCH, details are ffs.
CCCH CTCH MAC — Control
MAC-c
to MAC —d

to MAC —sh (2)

RACH FACH CPCH ( FDD only )
DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
(1) details are ffs Note: The usage of c-RNTI for MAC-sh connection
2) for TDD only has to be reviewed
@) Scheduling /Priority handling is applicable for

CPCH, detalils are ffs.



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

Scheduling of broadcast, paging and notification messages

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
LescooSoprec-Close soloction o BACE Lo ns g s o)



Annex A (informative):

Description of random access procedure

[ Note: This annex has to be reviewed for FDD and TDD operation]

A.1 Assumptions

The following assumptions for RACH transmission are made (for completeness assumptions are made also for
other layers than MAC):

UE side:

« PRACH transmissions are triggered by data request from MAC to PHY (PHY-Data-REQ). This implies that
any desired backoff in PRACH transmissions is controlled by MAC (or higher layer).

* The physical layer uses the PHY-Status-IND primitive to indicate the following conditions to MAC:
* Maximum preamble transmit power reached, no acknowledgement on AICH received,

* Negative acknowledgement received on AICH (“Nack”) indicating that the preamble has been acquired, but
transmission of the message shall be suspended,

» Positive acknowledgement received on AICH (“Ack”), RACH message has been transmitted,

» The following PRACH parameters are configured by RRC through C-SAP by means of CPHY-TrCH-
Config-REQ primitive:

* initial transmit power,

* power ramping step size,

* preamble-to-message transmit power offset,
¢ PRACH maximum power

 PRACH spreading code,

e Association between eacltéess Service Class (AS@qrameters{ffs.and the allowabldrhe slot(s)
and signature(s) on which RACHSs belonging to this ASC can be transmitted

e Configuration of AICH parameters by RRC (using CPHY-TrCH-Config primitive)
e AICH spreading code
« timing information for search of acquisition indicator (if needed)

» The following parameters are randomly selected by the physical lagesiihwithin constraints defined
by ASC parameters):

« PRACH initial access slot,
* PRACH signature
UTRAN side:

» Continuous monitoring of the PRACH is handled by layer 1 procedures. There is only a single primitive
needed between PHY and MAC, indication of data (PHY-Data-IND).
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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 FACH and RACH common
signalling 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. In the TDD implementation the MAC-sh transfers
data from the DSCH to the MAC-d and from the MAC-d to the USCH under control of the FACH. In the FDD
implementation, the MAC-c may transfer data from the MAC-d to the CPCH.

CCCH MAC Control DCCH DTCH DTCH
MAC-d
] |
MAC-c MAC- sh
FACH RACH CPCH USCH DSCH DCH DCH

(FDD only) (DD only)

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 C/D MUX box represents the insertion and detection of the field in the MAC header, indicating whether a common or

dedicated logical channel is used.

Thee-RNHUE Id field in the MAC header is used to distinguish between UEs.

In the uplink, the possibility of transport format selection exists.

Selection of Access Service Classes ( ASC) for RACH, details on definition of ASC and the relation to
the RACH retransmission algorithm are ffs.

Multiplexing/scheduling /priority handling is used to transmit the received information on RACH and

CPCH.

Channel selection is used to select an appropriately sized and available CPCH for transmission.

Demultiplexing of received information inside MAC-c to CTCH is used to support Short Message Service Cell Broadcast (

SMS CB).
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CCCH CTCH MAC - Control
MAC-c
to MAC —d
I | to MAC -sh (2)
Demux ( C/T) add/read
UE Id

C/D MUX/
Scheduling/Priority Handling (3)

UL: TF

selection CPCH

selection (1)

ASC Selection (1)

RACH FACH CPCH (FDD only)
DL Downlink c-RNTH  Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) details are ffs Nete: The usage of c-RNTI for MAC-sh connection
2) for TDD only has to be reviewed
?3) Scheduling /Priority handling is applicable for

CPCH, details are ffs.

CCCH CTCH MAC - Control
MAC-c
to MAC —d
I 1 to MAC —sh (2)
Demux ( C/T) add/read
Cc-RNTI
C/D MUX/
Scheduling/Priority Handling (3)
UL TF I
selection CPCH
selection (1)
ASC Selection (1)

RACH FACH CPCH (FDD only)
DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) details are ffs Note: The usage of c-RNTI for MAC-sh connection
) for TDD only has to be reviewed
3) Scheduling /Priority handling is applicable for

CPCH, details are ffs.

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

i@ S

MAC Control MAC Control DCCH DTCH DTCH

T—j:&

MAC-d -

TDD only

=

ﬂ

MAC-c

MAC- sh

I_li

FACH RACH CPCH USCH DSCH lur or local DCH DCH

FDDonly  TDD only

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 the
priority. DL flow control is also provided to MAC-d.
The C/D box represents the insertion and detection of the field in the MAC header, indicating whether a common or dedicated

logical channel is used.

For dedicated type logical channels, ¢f@NHUE Id field in the MAC header is used to distinguish between UEs.
In the downlink, transport format selection might be done if FACH is variable rate.
The multiplexing of CTCH information and the CB-Scheduling function inside MAC-c supports the Short Message Service

Cell Broadcast ( SMS CB).
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CCCH CTCH MAC - Control
_ N
MAC-c Flow Control to MAC —d
DL Scheduling MAC-c / MAC-d
/ Priority Handling D—— to MAC —sh
(1)
MUX ( CIT ) UE Id
MUX

[ C/D MUX / CB- Scheduling

)

DL: TF
selection

1
I I CIPCH
RACH FACH (FDD only )
DL Downlink
TF Transport Format UE User Equipment
TFC Transport Format Combination UL Uplink
1) only for TDD Note The applicability of c-RNTI for connection to MAC-
sh-has-te-be-reviewed
CCCH CTCH MAC — Control
- N\ )
MAC-c Flow Control to MAC —d
DL Scheduling MAC-c / MAC-d
/ Priority Handlin ———
Y 9 to MAC —sh
4 @
MUX ( CIT) C-RNTI
MUX
] [ [
l C/D MUX / CB- Scheduling J
DL: TF
selection
1
I ! CIPCH
RACH FACH (FDD only)
DL Downlink RNTI Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) only for TDD Note The applicability of c-RNTI for connection to MAC-

Figure 4.2.4.2 UTRAN side MAC architecture / MAC-c details

sh has to be reviewed

9.2.1 MAC Data PDU: Parameters of the MAC header

e UE-Id

The UE-Id field provides an identifier of the W common transport channelhe following types of UE-Idised on MAC

arecutrentlydefined:

SRNT - this UE ld-isrelated-to-the-serving- RNC
c-RNTH-this UE d-isrelated-to-the-controlling-RNC.



TS 25.321 v3.0.0 (1999-06) 6

J i i j i Xist.

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 ldentity (C-RNTI) is used on DTCH, and may be used on DCCH, when mapped onto commor
transport channels.
The UE id to be used by MAC is configured through the MAC control SAP. The Ilengths of the UE-id field of the MAC header
are given in Table 9.2.1.3.

, ogetherwith-S-RNC-i ! 0 i j originated

UE Id type Length of UE Id field
U-RNTI 32 bits
C-RNTI 16 bits

Table 9.2.1.3: Lengths of UE Id field

*  UE-Id Type
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 Tvpg sub-field UE-Id Tvpe
2 bits —_—
00 s-RNTI+ SRNCIMJ-RNTI
01 €C-RNTI
10 For future use
11 For future use

bletoMhothorerpetathor LB ld boons nee mondad 5 s

9.2.1.2 MAC header for CCCH

Note: The conceptforusing UE ld on CCCH has to be reviewed

a) CCCH mapped to RACH/FACH:

C/D has to be includeghd-UE-id-field-may-be-includdd MAC headerDetailsofusage-the UE-id-field-is-ffs.
b) CCCH mapped to RACH/FACH, where CCCH is the only channel (ffs)

Legdeldman s boneludad i e PAAC onder,
Note: The usage of the MAC header for BCCH and PCCH is ffs.

ed-ldentifier.
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Case a): c/D MAC SDU
Case b): MAC SDU
Case a): C/D | UE-Id MAC SDU
Case b): UE-Id MAC SDU

Figure 9.2.1.2.1 : MAC Data PDU formats for CCCH
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1.1 8.3.1 Primitives

The primitives between MAC and RRC are shown in Table 8.3.1

Generic Name Type Parameters
Request |Indication |Response {onfirm

CMAC-CONFIG X UE information elements
RAB information elements
TrCH information elements
RACH transmission control
elements

Ciphering elements

CPCH _transmission _control

elements
CMAC- X X Measurement information
MEASUREMENT elements
CMAC-STATUS X Status info.

Table 8.3.1 Primitives between MAC sub-layer and RRC

CMAC-CONFIG-Req

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

CMAC-MEASUREMENT-Req/Ind

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

« 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 25.331 for a detailed description of the UE, RAB and TrCH information elements.

a) UE information elements
S-RNTI
SRNC identity
C-RNTI



b)

d)

f)

9)

h)

Activation time

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

TrCH information elements
Transport Format Combination Set

Measurement information elements
(Details are ffs)

Status info

Maximum number of preamble ramping cycles reached

RACH transmission control elements

Persistence value P

Maximum number of preamble ramping cycles Mpax

Others (ffs., e.g. minimum and maximum number of time units between two preamble
ramping cycles)

Ciphering elements
Ciphering mode

Ciphering key

Ciphering sequence number

CPCH transmission control elements
CPCH persistency value

CPCH channel data rate (implicit in the UL channelisation code)

NFmax (Max packet length in frames)
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8. Elements for layer-to-layer communication

8.1 Primitives between layers 1 and 2

see TS25.302

8.2 Primitives between MAC and RLC

8.2.1 Primitives

The primitives between MAC layer and RLC layer are shown in Table 8.2.1.1

Generic Name Type Parameters
Request | Indication| Response| Confirm
MAC-DATA X X MU,TD®
MAC-ERROR X [FFS]
MAC-STATUS X X [FFS]
@: TDD only.

Table 8.2.1 Primitives between MAC layer and RLC layer

MAC-DATA Request/Indication

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

. MAC-DATA Indication primitive indicates the arrival of an upper layer PDU received by means of the information transfer
service.

MAC-ERROR Indication

. MAC-ERROR Indication primitive indicates to RLC that an error condition has occurred.

MAC-STATUS Indication/Response

¢ MAC-STATUS Indication primitive indicates to RLC about changes in the rules under 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 dats
restricted to supervisory frames only.

e MAC-STATUS Response enables RLC to acknowledge a MAC-STATUS Indication. 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.

8.2.2 Parameters

a) Message Unit (MU)
It contains the RLC layer message ( RLC-PDU) to be transmitted or received by the MAC sub-layer.

b) 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 Messag
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.

[Note ( from Tdoc WG2 009/99): This description are based on L2-LAC specification drafted TTC/ARIB Joint meeting.
Because SAP between LAC and MAC is defined in our structure of MAC, the name of Signal is changed to Primitive. Al
format of explanation of primitives are changed to avoid verbose description. Request and Indication are combined t
explain. Primitives for Activation/Deactivation or Establish/Release or Connect/Disconnect for MAC connection are FFS. ]
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[Note ( from Tdoc WG2 009/99): The parameters for RLCMAC-ERROR and RLCMAC-STATUS are FFS. ]
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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 in Table 8.2.1.1

Generic Name Type Parameters
Request | Indication| Response| Confirm
MAC-DATA X X MU , BO
MAC-ERROR X [FFS]
MAC-STATUS X X [FFS]

Table 8.2.1 Primitives between MAC layer and RLC layer

MAC-DATA Request/Indication

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

. MAC-DATA Indication primitive indicates the arrival of an upper layer PDU received by means of the information
transfer service.

MAC-ERROR Indication

. MAC-ERROR Indication primitive indicates to RLC that an error condition has occurred.

MAC-STATUS Indication/Response

« MAC-STATUS Indication primitive indicates to RLC about changes in the rules under 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.

* MAC-STATUS Response enables RLC to acknowledge a MAC-STATUS Indication. 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.

8.2.2 Parameters

a) Message Unit (MU)

It contains the RLC layer message ( RLC-PDU) to be transmitted or received by the MAC sub-layer.
b) Buffer Occupancy (BO)

The parameter Buffer Occupancy (BO) indicates the amount of data that is currently queued for transmission (or
retransmission) in RLC layer

[Note ( from Tdoc WG2 009/99): This description are based on L2-LAC specification drafted TTC/ARIB Joint
meeting. Because SAP between LAC and MAC is defined in our structure of MAC, the name of Signal is changed f
Primitive. And format of explanation of primitives are changed to avoid verbose description. Request and Indication
are combined to explain. Primitives for Activation/Deactivation or Establish/Release or Connect/Disconnect for MAC
connection are FFS. ]

[Note ( from Tdoc WG2 009/99): The parameters for RLCMAC-ERROR and RLCMAC-STATUS are FFS.
]

Page 2



8.3 Primitives between MAC and RRC
8.3.1 Primitives

The primitives between MAC and RRC are shown in Table 8.3.1

Generic Name Type Parameters
Request | Indication| Response| Confirm
CMAC-CONFIG X CHI
CMAC-CONNECT X X ffs
CMAC- X X e
MEASUREMENT BEsl— PER
Measurement
information
elements (fon
Request),
Measurement _ result
(for Indication)
CMAC-STATUS X Status info.
CMAC-ERROR X Reason for error

Table 8.3.1 Primitives between MAC sub-layer and RRC

CMAC-CONFIG Request

e CMAC-CONFIG Request is used to request for the switching the connection between logical channels and transport
channels

CMAC-CONNECT Request/Confirm

e CMAC-CONNECT Request is used initiate a RRC connection
. CMAC-CONNECT Confirm is used to confirm the establishment of a RRC connection.

CMAC-MEASUREMENT Request/Indication

e CMAC-MEASUREMENT .Request is used to request to measure something radio quality at both BS and MS sides. (for
example : Transport Block Error)
e CMAC-MEASUREMENT. Indication is used to notify measuring result.

CMAC-STATUS Indication

e CMAC-STATUS Indication primitive notifies the management entity of status information.

CMAC-ERROR Indication

« CMAC-ERROR Indication primitive notifies the management entity of an error detected in the operation of the MAC
sub layer protocol such as excessive nhumber of transmission attempts for Ack-mode. and timer time out.

8.3.2 Parameters

a) Channel Information (CHI)
Channel information for active transport channel. For example, common channel or dedicated channel naotification in
user packet transmission.

b) Measurement information elements
- Mode (periodic, event-trigerred or both)
- THu

- THL (Optional)
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- Measurement quantity identifiers

- Report Interval

c) Measurement result
- Mode
- Reporting Quantities
- Event Type (overflow or underflow)

eported only

fid)  Status info

It is management entity of status information.

g)e) Reason for error
It contains the management entity of an error detected in the operation of the MAC sub layer protocol (e.g. excessive
number of transmission attempts for Ack-mode).

[Note( from Tdoc WG2 009/99): If used with a threshold information, the MEASURE primitive is same as an alarm
indication or request for channel switching. When the condition that channel switching is needed is detected at UE side,
appropriate RRC message will be sent to Network side.

11 Elementary procedures

Examples: data transfer, random access procedure, transport channel type switching (dedicated/common
channel)

11.1 Bynamicradio-access-bearercontrol Traffic volume measurement

for dynamic radio access bearer control

Dynamic radio access bearer control is performed in RRC, based on the traffic volume measurement reported by MAC
Traffic volume information is gathered and measured in MAC layer and the result is reported from MAC layer to RRC layer.

Traffic volume monitoring procedure in MAC is shown in figure 11.1.1 MAC receives RLC PDUs together with information

of RLC transmission buffer. Every TTIl, MAC compares the amount of data corresponding to a Transport Channel with the
thresholds set by RRC. If the value is out of range, MAC indicates the measurement reports on traffic volume status to RRC
Thereby, RRC can be informed the traffic volume status of each transport channel, and therefore can take proper action fc
new radio access bearer configuration accordingly.
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RRC requests MAC measurement report with the primitive CMAC-Measure-REQ including following parameters.

Measurement information elements
- Mode
Indicates whether the report should be periodical or by event-triggered
-THuU
Upper threshold value for every transport channel, applicable when mode is event-triggered
- THL (Optional)
Lower threshold value for every transport channel, applicable when mode is event-triggered
- Measurement quantity identifiers
Indicates what should be reported to RRC layer
For each RAB, Buffer amount (mandatory), Variance (optional), or Average (optional)

- Report Interval
Indicates the report interval, applicable when report mode is periodic

MAC receives RLC PDUs with the primitive MAC-Data-REQ including following parameters:

- Data (RLC PDU)

- Buffer Occupancy (BO)

The parameter Buffer Occupancy (BO) indicates the amount of data that is currently queued for transmission (or
retransmission)

MAC receives measurement information elements with the primitive CMAC-Measure-REQ which includes parameters such
as Mode, report interval, and Tlnd THJ for each transport channel. Whenever MAC receives RLC PDUs from different
RLC entities, it is notified by RLC amount of data queued in RLC transmission buffer. If the mode is event-triggered, MAC
compares the amount of data to be transmitted on a transport channel with threshold values passed hyd®RB T HHnN
case that the measured value is out of range, MAC reports the status of result of comparison and status of each RAB to RR
On the other hand, if the mode is periodic, MAC reports measurement result to RRC periodically. Measurement result car
contain average and variance as well as amount of data for each RAB as follows:
Measurement result

- Mode

Periodic, or event-triggered

- Reporting Quantity

For each RAB, Buffer Occupancy (mandatory), Variance (optional), and Average (optional)

- Event type

Indicates overflow or underflow for each transport channel, applicable when mode is event-triggered
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Get the measurement information from RRC:
Mode, THy, THL(optional),Report Period, etc

>

Check traffic volume of transport channels

Mode = Event-
triggered

(THL<)Amount
of Data <TH) »

Mode = Periodic &
timer expired ?

Report
Measurement
Result to RRC

!

Wait TTI

Figure 11.1.1: Traffic volume measurement/report procedure in 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 FACH and RACH common signalling 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. In the TDD implementation the MAC-sh transfers data from the DSCH to the MAC-d and from the MAC-d to
the USCH under control of the FACH. In the FDD implementation, the MAC-c may transfer data from the MAC-d to
the CPCH.

BCCH CCCHCTCH SHCCH MAC Control DCCH DTCH DTCH

(TDQ only)

MAC-d

MAC-c MAC- sh

FACH RACH CPCH USCH DSCH DCH DCH

(FDD only) (TDD only)

CCCH MAC Control DCCH DTCH DTCH

—&

MAC-d

rDD only |

MAC-c MAC-sh

FACH RACH CPCH USCH DSCH DCH DCH

(FDD only) (TDD only)

Figure 4.2.3.1 UE side MAC architecture
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* 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.

e The c-RNTI field in the MAC header is used to distinguish between UEs.

« In the uplink, the possibility of transport format selection exists.

« Selection of Access Service Classes ( ASC ) for RACH, details on definition of ASC and the relation to the RACH
retransmission algorithm are ffs.

o Multiplexing/sScheduling /priority handling is used to transthib-receivednformationreceived from MAC-cbn
RACH and CPCH.

BCCH

CCCH

CTCH  SHCCH (TDD only)

MAC — Control

MAC-c

add/read
Cc-RNTI

TCTF MUX ]

to MAC —d

Scheduling/Priority
Handling (2)

)

UL: TF CPCH
selection

| |
] [selection (1)]

ASC Selection (1)

FACH

FACH RACH

CPCH (FDD only)

DL

TFC
TCTF
1)
@

Downlink

Transport Format

Transport Format Combination

Target Channel Type Field

details are ffs

Scheduling /Priority handling is applicable for
CPCH, details are ffs.

c-RNTI
UE
UL

Radio Network Temporary Identity
User Equipment
Uplink
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CCCH CTCH MAC - Control
MAC-c
to MAC —d
I | to MAC —sh (2)

[Demux (cm ] [add/read]

Cc-RNTI
C/D MUX/
Scheduling/Priority Handling (3)
UL TF I
selection

ASC Selection (1)

CPCH
selection (1)

RACH FACH CPCH (FDD only)
DL Downlink c-RNTI  Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) details are ffs Note: The usage of c-RNTI for MAC-sh connection
) for TDD only has to be reviewed

@)

Scheduling /Priority handling is applicable for

CPCH, details are ffs.

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

BCCH CCCH CTCH SHCCH MAC Control

TiIi only

MAC Control DCCH DTCH DTCH

MAC-d —

ﬂ

MAC-c MAC- sh

FACH RACH CPCH USCH DSCH

FDDonly ~ TDD only

1
lur or local

I_li

DCH DCH
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CCCH MAC Control

O

MAC Control DCCH DTCH DTCH

T—j:&

MAC-d —

TDD only

-

MAC-c MAC- sh

ﬂ

I_li

|
FACH RACH CPCH USCH DSCH luror local DCH DCH

FDDonly  TDD only

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.

e 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.

cdedientzdlocienlebhonnaissad,
* For dedicated type logical channels, the c-RNTI field in the MAC header is used to distinguish between UEs.

* In the downlink, transport format selection might be done if FACH is variable rate.

¢ Themultiplexing-ef-CFCH-irformation-and-tHeB-Scheduling function inside MAC-c supports the Short Message
Service Cell Broadcast ( SMS CB).
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BCCH SHCCCH CCCH  CTCH MAC — Control
MAC-c Flow Control to MAC —d
MAC-c / MAC-d
|
c-RNTI
MUX
| |
[ TCTF MUX ]
Scheduling / Priority Handling/
CTCH: CB- Scheduling
[ TFC selection ]
]
—_—
I I I CIPCH
FACH FACH RACH (FDD only )
DL Downlink RNTI Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination uL Uplink
1) only for TDD Note: The applicability of c-RNTI for connection to MAC-
sh has to be reviewed
CCcH CTCH MAC — Control
- N\
MAC-c Flow Control
X to MAC —d
DL Scheduling MAC-c / MAC-d
/ Priority Handling — to MAC —sh
4 ()
MUX ( CIT) C-RNTI
MUX

[ CJD MUX 7 CB- Scheduling ]

DL: TF
selection

1
| 1 I
CPCH
RACH FACH (FDD only )
DL Downlink RNTI Radio Network Temporary Identity
TF Transport Format UE User Equipment
TFC Transport Format Combination UL Uplink
1) only for TDD Note The applicability of c-RNTI for connection to MAC-

sh has to be reviewed

Figure 4.2.4.2 UTRAN side MAC architecture / MAC-c details

4.3 Channel structure

4.3.1 Transport channels
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4.3.2 Logical Channels

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 BCHr FACH

* PCCH is connected to PCH

¢ CCCHis 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.

e 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).

6 Functions
6.1 Description of the MAC functions

6.2 Relation between MAC Functions / Transport Channels and
UE

6.2.1 Relation between MAC Functions and Transport Channels

Associated Logical | Transport | TF Priority Priority Scheduling | Identifica| Mux/Demu | Mux/ Dynamic
MAC Ch Ch Selection | handling | handling tion of X on Demux on | transport
Functions between | (one user) UEs common dedicated CH
users transport transport switching
CH CH
Uplink CCCH RACH X
(Rx)
DCCH RACH X X
DCCH CPCH X X X
DCCH DCH X
DTCH RACH X X
DTCH CPCH X X X
DTCH DCH X
Downlink SCCH SCH
(Tx)
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(notel) X X X X
DTCH DSCH X(note2) X X X
DTCH DCH X X X X

3GPP
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(Notel) 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.
e Traffic volume monitoring
¢ Constrained execution of open loop power control algorithms

Further, the following additional functions are not included yet in the table :
* Routing of higher layer signalling

¢ Maintenance of a MAC signalling connection between peer MAC entities
e Monitoring the links of the assigned resources

¢ Processing of messages received at common control channels

Note ( this table has to be reviewed )

3GPP
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6.2.2 Relation of UE MAC functions corresponding to the Transport Channel
MAC Functions and Transport Channels

Functions Logical | Transport | TF Selection Priority Identification | Mux/Demux on | Mux/Demux | Dynamic
Ch Ch handling common on dedicated | transport
data of one transport transport channel type
user channels channels switching
Uplink CCCH RACH X
()
DCCH RACH X(notel) X X
DCCH CPCH X X X X X
DCCH DCH X X X
DTCH RACH X(notel) X X X
DTCH CPCH X X X X X
DTCH DCH X X X X
Downlink SCCH SCH
(Rx)
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

Table 2 UE MAC functions corresponding to the transport channel

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

Note: This table has to be reviewed

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. 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.

3GPP
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MAC header MAC SDU

TCTF |UE-Id | CIT MAC SDU
MAC header MAC SDU
C/D |UE-Id | C/T MAC SDU

Figure 9.1.1.MAC data PDU

9.1.2 MAC Control PDU

MAC Control PDU consist elements for the control of the operation. The details are ffs.

9.2 Formats and parameters

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 TCTEF 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

3GPP
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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

ﬁ - -
CCCH
0 PCCHorDTCH

—_— Terle 00 1 A Cedino oo /0 Fleld

* CIT 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.

C/T field Designation
(e.g.
4 bits )
0000 Logical channel 1
0001 Logical channel 2
1111 Logical channel 16

Table 9.2.1.2: Structure of the C/T field

 UE-Id
The UE-Id field provides an identifier of the UE . The following types of UE-Id are currently defined:

s-RNTI, this UE Id is related to the serving RNC
¢c-RNTI, this UE Id is related to the controlling RNC.

In addition for UE’s having a RRC connection the S-RNC identifier exist.

s-RNTI together with S-RNC identifier is used for URA update RRC connection reestablishment and UTRAN
originated paging messages and there associated responses.

c-RNTI is used as a UE identifier in all other DCCH/DTCH common channel messages on the air interface.

3GPP
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Note: Whether or not other UE-Id types are needed is ffs.

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.

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

| ed) DTCH or DCCH mapped to DSCH:
The MAC-PDU format for DSCH is left for further study.

Case a): MAC SDU
Case b): CIT MAC SDU
Case c): TCTF | UE-Id : o : MAC SDU
Case a): o MAC SDU
Case b): o MAC SDU
Case c): cID | UE-d : E/E : MAC SDU
Case d): UE-Id : E,E MAC SDU

Figure 9.2.2.1: MAC Data PDU formats for DTCH and DCCH

9.21.2 MAC header for BCCH

a) BCCH mapped to BCH:
No MAC header is required.
b) BCCH mapped to FACH:
The TCTEF field is included in MAC header.

3GPP
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Case a): MAC SDU

Case b): TCTF MAC SDU

Figure 9.2.1.3.1 : MAC Data PDU formats for BCCH

9.2.1.3 MAC header for CCCH

Note: The concept for using UE Id on CCCH has to be reviewed

a) CCCH mapped to RACH/FACH:
C/Bb-haso-bel CTF field isincluded and UE-id field may be included in MAC header. Details of usage the UE-id
field is ffs.

| Note: The usage of the MAC header8@CH-andPCCH is ffs.
The address used for initial addressing is ffs, a possible solution may be to use a Random or CN related Identifier.

Case a): TCTF | UE-Id MAC SDU
Case a): C/D | UE-Id MAC SDU
Case b): UE-Id MAC SDU

Figure 9.2.1.2.1 : MAC Data PDU formats for CCCH

9.2.1.4 MAC Header for CTCH

The MAC header for CTCH mapped to FACH is as shown in figure 9.2.1.3.1

TCTF MAC SDU

C/D CI1 MAC SDU

Figure 9.2.1.3.1 : MAC Data PDU format for CTCH

ical-chaenECTF field indicates
Whether data is mapped to common or dedlcated channels and Whether it belongs to BCCH ,CCCH, CTCH or SHCCH.

Cl-field-indicates-whetherit-belongs-to-CCCH-er- CT@Hcase of CTCH, it identifies whether the message is SMS

CB message or Schedule message

3GPP
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9.2.1. MAC Data PDU: Parameters of the MAC header

9.2.1.1 MAC header for DTCH and DCCH

9.21.2 MAC header for PCCH

There is no MAC header for PCCH.

9212921.3 MAC header for CCCH

Note: The concept for using UE Id on CCCH has to be reviewed

a) CCCH mapped to RACH/FACH:

C/D has to be included and UE-id field may be included in MAC header. Details of usage the UE-id field is ffs.
b) CCCH mapped to RACH/FACH, where CCCH is the only channel (ffs):

UE-id field may be included in the MAC header.

Note: The usage of the MAC header for BCEtd-PCCHis ffs.
The address used for initial addressing is ffs, a possible solution may be to use a Random or CN related Identifier.

Case a): Cc/D | UE-Id MAC SDU

Case b): UE-Id MAC SDU

Figure 9.2.1.2.1 : MAC Data PDU formats for CCCH
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4. General
4.1 Objective

4.2 Overview on MAC architecture

The following provides & modebverdewof a common MAC architecture that encompasses both UMTS-FDD and
UMTS-TDD. There are differences of detail between the two systems but their architectures are sufficiently similar for a
common overview to be adopted. Followed by section 4.2.1 MAC entities, where the different MAC entities are
summarised, the sections 4.2.2-4 contain a more detailed description of the MAC archiféetutescription in this

chapter is a model and does not represent implementations.

entributions

9. Elements for layer-to-layer communication

The interaction between the MAC layer and other layers are described in terms of primitives where the primitives
represent the logical exchange of information and control between the MAC layer and other layers. The primitives shall
not specify or constrain implementations.

9.1 Primitives between layers 1 and 2

see TS25.302

9.2 Primitives between MAC and RLC

9.3 Primitives between MAC and RRC

3GPP
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11.2 Control of RACH transmissions

The MAC sublayer is in 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 Control of RACH transmissions for FDD mode

The RACH transmissions aperfermedcontrolledby the UE MAC sublayerasshewnoutlinedin Figure211.2.1 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:

e persistence value P (transmission probability),
¢ maximum number of preamble ramping cycles.M

¢ range of backoff interval for timergd, given in terms of numbers of transmission time intervals N, and
Ngo1min. @applicable when negative acknowledgement on AICH is received

*  Access Service Class (ASC) parameters.

mpiag cycles).

Based on the persrstence value P, the UE decides whether to starpﬂnadﬂramem@RACH transmission
procedurgsee TS 25.214h the present transmission time interval or not. If transmission is alldhe®RACH
transmission procedure (starting with a preamble power ramping cycle) is initiated by sending of a PHY-Data-REQ
primitive;-the-L1-preamble-powerramping-procedure-is-staN&C then waits for status indication from kia PHY-

Status-IND primitive If transmission is not allowed mekoff-timer o is-stared-and-anetherattemptisperformed
after-expiny-of-the-timenew persistency check is performed in the next transmission time infEmegbersistency

check is repeated until transmission is permitted.

When the preamble has been acknowledged on Al€dthective L1 status information is indicated to MAC with PHY-
Status-IND primitive, anthe PRACH transmission procedushall be completed with transmission of the PRACH
message parbs-transmittecaccording to L1 specifications.

WhenPHY indicates thaho acknowledgememin AICH is receivednhile the maximum number of preamble
retransmissions is reached (defined by parameter Preamble Retrans_Maxameld persistencyest is performed in
the next transmission time interval. The tlmeleﬁsures that twsuccessive persistency tests are separated by at least
one transmission time intervéia

In case that a negative acknowledgement has been received on AICH a backofgsimisrstarted. After expiry of the
timer, persistence check is performed ag8&ackoff timer Tgo, iS Set taan integer number N, of transmission time
intervals, randomly drawn within an interval<Mgoimin< Ngo1< Ngoimax (With uniform distribution). Noiminand
Ngo1maxmay be set equalthen 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.]

3GPP



3 TS 25.321 V3.0.0 (1999-06)

3GPP



4 TS 25.321 V3.0.0 (1999-06)

3GPP



5 TS 25.321 V3.0.0 (1999-06)

. Note: MAC-c receives RACH
GﬁéﬁARCRHCt:XpCO,\RZX?II\ngiﬂeter‘ tx control parameters from

RRC with CMAC-Config-REQ
Neoimax, ASC parameters primitive whenever one of the
parameters is updated

Any data to be
transmitted?

M:=0

[
Ll

A

Increment preamble transmission
counter M

Error handling

(ffs)
Set and wait expiry
Update RACH tx control timer Tgo1 (Ngo1 TTIS)
parameters
|
Wait expiry ; _ Wait expiry ~ Wait expiry
Timer T, (next TTI) Set Timer (1 TT1) Timer T, (next TTI) timer T, (next TTI)

[
Draw random number R< 1

Y

Send PHY-Data-REQ
(start of L1 PRACH transmissid
procedure)

No Ack Nack
’ L1 status ?

Ack (PRACH message part transmitted)

=]

End
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Get RACH tx control paramete
from RRC: P, My Other ffs.

[

Any data to be
transmitted?

[
Ll

A

Increment preamble transmission
counter M

Error handling
(ffs)

| Wait Tgoz | | Draw random number § R< 1 Wait Tgo1 Wait Tgos

Start L1 preamble power ramping
procedure

No Ack
Nack

Ack

Transmit RACH message part

End

Figure 11.2.1 : RACH transmission control procedure (UE side, informative)
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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

Sehodulins et brendens cocine nndmetlientio s mossaes

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

The following potential functions is regarded as further study items:

Processing of messages received at common control channels
Successive Transmission on RACH
Access Service Class selection for RACH transmission.
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Scope

References

Definitions, abbreviations and symbols
General

Services provided to upper layers
Functions

Services expected from physical layer

Elements for layer-to-layer communication

© 0 N o 0k~ WD PE

Elements for peer-to-peer communication

10. Handling of unknown, unforeseen and erroneous
protocol data

11. Elementary procedures

11.1 Dynamic radio bearer control in UE

11.2 Control of RACH transmissions

The MAC sublayer is in 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 Control of RACH transmissions for FDD

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.




Get RACH tx control parameters ~ Note: MAC-c receives RACH

. tx control parameters from
from RRC: P, ASC parameters RRC with CMAC-Config-REQ

primitive whenever one of the
parameters is updated

Any data to be
transmitted?

dl
|

Update RACH tx control
parameters

Set Timer L (1 TTI)

[
Draw random number R< 1

Wait expiry
Timer T, (next TTI)

Y

Send PHY-Data-REQ
(start of L1 PRACH transmissiq
procedure)

]

End

Figure 11.2.2 : RACH transmission control procedure for TDD (UE side, informative)
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11.3 Control of CPCH Transmission

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 (i.e. RLC, or RRC for CCCH data). The CPCH
transmissions are performed by the UE as illustrated in Figures 11.3.1 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 subsequent TTI transmissions 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. A set of transmission control parameters is received for each CPCH channel in the CPCH set.

* persistence value, PV (transmission probability),

e Nap_retrans_max, maximum number of preamble ramping cycles,
* CPCH channel data rate (implicit in the UL channelisation code),

e NF_max, maximum frame length for CPCH transmission,

«  Backoff control timer parameters,

» others (ffs., e.g. maximum data rate limit for this UE).

The MAC procedure for transmission control of first TTI 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. The UE shall reset counters M1, M2 and Frame Count Transmitted (FCT) upon entry to the first TTI procedure.
2. The UE shall clear the Busy Table and build a transport block set for the next TTI.

3. The UE shall update the CPCH transmission control parameters, including CPCH Set Info, Persistency PV,
Nap_retrans_mayx, priority delays, NF_max, Backoff timer parameters, etc.

4. UE shall select a CPCH channel from the set of CPCH channels defined in the CPCH set which is assigned for
use on the transport channel with data to be transmitted. UE shall use the persistence value, the CPCH channel
capacity (max CPCH length and data rate), availability table information, and busy table information to select
one CPCH channel for L1 to access. UE shall maintain an availability table which timestamps CPCH busy/idle
indications received from L1. L1 uses best efforts to monitor AICHs broadcast by Node B to all UEs. When an
AP-AICH_ack or AP-AICH_nak is received by L1, a PHY-Status_IND is sent to MAC indicating that that
CPCH channel is busy. When a CD-AICH_nak (IDLE-AICH) is received by L1, a PHY-Status_IND is sent to
MAC indicating that that CPCH channel is idle. This information shall be recorded in the availability table to
permit UE to select a CPCH channel which is most likely idle and available for use. In addition UE shall
maintain a busy table for each CPCH intial access attempt. The busy table marks a CPCH channel as busy
when a selected channel fails the persistence test or when an AP-AICH_nak is received in response to an access
attempt. (an example channels selection algorithm is presented at the end of this section.)

5. UE shall implement a test based on the Persistence value (PV) to determine whether to attempt access to the
selected CPCH channel. If access is allowed, the UE shall implement an initial delay based on priority of the
data to be transmitted, then shall sent the TTI transport block set to L1 for CPCH access and transmission. |If
the PV test does not allow transmission, the selected CPCH channel shall be marked busy in the Busy Table. If
all channels are marked busy, the UE shall reset and start timer Thocl, wait until timer expiry, and increment
counter M2. If counter M2 is equal to N_ap_retrans_max, the UE shall execute an access failure error
procedure and the CPCH transmit procedure ends. If counter M2 is less than N_ap_retrans_max, the procedure
shall continue from step 2. If all channels are not marked busy, the UE shall resume the procedure from step 3.



After the UE has sent the transport block set to L1 for transmission, L1 may return one of five status indications
to MAC as shown in Figure 11.3.1. If the L1 status is that the TTI transport block set was sent normally, then
UE shall increment the Frame Count Transmitted counter by the length of the TTI just transmitted and the
procedure ends.

If L1 status is no AP-AICH received or no CD-AICH received, the UE shall reset and start timer Tboc3, wait
until timer expiry, and increment counter M1. If counter M1 is equal to Nap_retrans_max, the UE shall
execute a link failure error procedure and the CPCH transmit procedure ends. If counter M1 is less than
Nap_retrans_max. UE shall select another CPCH channel and proceed from step 3.

If L1 status is AP-AICH_nak received, the UE shall reset and start timer Thoc2, wait unitl timer expiry, and
mark the selected channel busy in the Busy Tabfall channels are marked busy, the UE shall reset and start
timer Tbocl, wait until timer expiry, and increment counter M2. If counter M2 is equal to N_ap_retrans_max,
the UE shall execute an access failure error procedure and the CPCH transmit procedure ends. If counter M2 is
less than N_ap_retrans_max, the procedure shall continue from step 2. If all channels are not marked busy, the
UE shall resume the procedure from step 3.

If L1 status is CD-AICH signature mismatch, the UE shall reset and start timer Thoc4, wait until timer expiry,
and increment counter M2. If counter M2 is equal to N_ap_retrans_max, the UE shall execute an access failure
error procedure and the CPCH transmit procedure ends. If counter M2 is less than N_ap_retrans_max, the
procedure shall continue from step 2.

The MAC procedure for transmission control of subsequent TTIs 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 a transport block set for the next TTI.

2. If the sum of the Frame Count Transmitted counter plus the number of frames in 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 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 the number of frames in the next TTl is
greater than NF_max, the UE shall send the transport block set to L1 to continue transmission on the CPCH
channel which has previously been accessed.

3. If L1 returns status of transmission error, the UE shall execute a transmission error procedure and the CPCH
transmit procedure ends.

4. If the L1 returns status of normal transmission, then the UE shall increment the Frame Count Transmitted
counter by the length of the TTI just transmitted and the procedure ends.

Table 11.3: CPCH Backoff Delay Timer Values
Timer Based on parameter Fixed/random Suggested parameter
range (informative)

Tsoc: (all Busy) NF_bo_all_busy Random 1 - 16 frames

Teoce (Cchannel Busy) | NS_bo_busy Fixed 0 - 15 access slots

Tgocs (N0 AICH) NF_bo_no_aich Fixed 1 - 16 frames

Tgocs (collision) NF_bo_collision Random 10 — 100 frames




For Tsocs, UE shall 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 [boMbilision]. For Tgoci, 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 [1, NB:_all busy].

Example CPCH Channel Selection Algorithm:

The UE MAC channel selection algorithm is left to implementation and is out of the scope of this specification.

However the following example is presented to show one way UE may select a CPCH channel. In this example

CPCH channel selection is a 4 step process:

1. From the set of all channels defined in the CPCH set, UE eliminates all channels marked busy in the busy table.

2. Then it selects from the non-busy channels the set of channels with capacity adequate to transmit the amount of
queued data in a single packet. If there are none, then it selects the highest capacity channel and selection is
complete.

3. If there are multiple channels selected at step 2, UE uses availability table information to select one channel. If
any of the channels have a timestamped IDLE-status in the availability table, one of these is selected randomly
and selection is complete.

4. If none of the channels selected at step 2 have a timestamped IDLE-status in the availability table, the channel
with the oldest BUSY-status is selected.



Start first TTI

| M1, M2, Frame Count Transmitted(FCT) = q transmitting on CPCH
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NOTE: This procedure is selected by MAC when

there is CPCH data to send and the UE is not
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M2< Nap_retrans_max?
Access failure %
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Transmitted (FCT) for one TT

End

Figure 11.3.1: CPCH transmission control procedure for first TTI (informative)



there is CPCH data to send while the UE has
access to a CPCH channel.
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| Build next TTI transport block set. |
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Figure 11.3.2: CPCH transmission control procedure for Nth TTI (informative)
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