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1.  Introduction
The structure of the MAC PDU header for USCH has not been defined yet in the MAC specification TS25.321. This paper presents the needed contents of the USCH MAC header for USCH operation according to the agreement of RAN WG2 #6. 

2.  Discussion

In RAN WG2 it has been agreed to schedule shared channel allocations by RRC in controlling RNC for TDD mode. For this scheduling, the RRC has to be informed about the RLC buffer occupancy of the uplink channels for USCH. 

For Uplink Shared Channel operation, an UE requests initial capacity from the UTRAN by transmitting a capacity request on the SHCCH logical channel. In uplink, the SHCCH is mapped to the RACH transport channel. It would be inefficient to use the RACH also for subsequent buffer occupancy reports, when an uplink resource in the USCH is available anyway. Instead, the uplink buffer occupancy information can be included by MAC-sh in the MAC header of USCH transmissions. In the UTRAN, this buffer occupancy information is read by MAC-sh and can be reported to RRC using MAC measurement reports.

The buffer occupancy information is reported together for all logical channels of one transport channel.  

3.  Text Proposal

1. Scope

2. References

3. Definitions, abbreviations and symbols

3.1 Definitions

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 Identity

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 

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

SDU



Service Data Unit

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

3.3 Symbols

4. General

4.1 Objective

4.2 Overview on MAC architecture

4.2.1  MAC Entities
4.2.2  MAC-b , MAC-p and MAC-sy 

4.2.3  Traffic Related Architecture - UE Side
Figure 4.2.3.4 shows the UE side MAC-sh entity. The following functionality is covered:

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

· Multiplexing is used to transmit the received information on DSCH and DSCH Control Channel to the Mac-d, for TDD the multiplexing is used to transfer data from MAC-d to USCH and receives control information for shared operation from MAC-c.

· Buffer occupancy information is added to support USCH operation.
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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Figure 4.2.3.4. UE side MAC architecture / MAC-sh details

4.2.4. Traffic Related Architecture - UTRAN Side

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 USCH 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.

· Buffer occupancy information is read in order to support USCH operation.
( 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.
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Figure 4.2.4.4 UTRAN side MAC architecture / MAC-sh details
4.3 Channel structure
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

The following potential service is  regarded as a further study item:

· Allocation/de-allocation of radio resources

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  

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.

6.2 Relation between MAC Functions / Transport Channels and UE 

6.2.1 Relation between MAC Functions and Transport Channels

Associated MAC Functions
Logical Ch
Transport Ch
TF Selection
Priority handling between users
Priority handling 

(one user)
Scheduling
Identification of UEs 
Mux/Demux on common transport CH
Mux/

Demux on dedicated transport CH
Dynamic transport CH switching

Uplink

(Rx)
CCCH
RACH





X




DCCH
RACH




X
X




DCCH
CPCH




X
X

X


DCCH
DCH






X



DTCH
RACH




X
X




DTCH
CPCH




X
X

X


DTCH
DCH






X



DCCH
USCH





X




DTCH
USCH





X



Downlink

(Tx)
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(note1)
X


X
X

X


DTCH
DSCH
X(note2)
X



X

X


DTCH
DCH
X

X



X
X

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

(Note1) On FACH channel, the transport format set is limited.

(Note2) Whether DSCH has the transport format set is under discussion.

(Note3) The functions not included in the table are listed below.

· Mapping between logical channels and transport channels.

· Traffic volume monitoring

· Constrained execution of open loop power control algorithms

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 )

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

Functions


Logical Ch
Transport Ch
TF Selection
Priority handling data of one user
Identification 
Mux/Demux on common transport channels
Mux/Demux on dedicated transport channels
Dynamic transport channel type switching

Uplink

(Tx)
CCCH
RACH



X




DCCH
RACH
X(note1)

X
X




DCCH
CPCH
X
X
X
X

X


DCCH
DCH
X
X


X



DTCH
RACH
X(note1)

X
X

X


DTCH
CPCH
X
X
X
X

X


DTCH
DCH
X
X


X
X


DTCH
USCH
X
X

X

X


DCCH
USCH
X
X

X



Downlink

(Rx)
SCCH
SCH








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


Table 2 UE MAC functions corresponding to the transport channel

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

Note: This table has to be reviewed

7. Services expected from physical layer

8. Elements for layer-to-layer communication

8.1 Primitives between layers 1 and 2

8.2 Primitives between  MAC and  RLC

8.2.1 Primitives

8.2.2 Parameters

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-MEASUREMENT
X
X


Measurement information elements

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

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

CMAC-CONNECT Request/Confirm
· 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

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

· CMAC-MEASUREMENT. Indication is used to notify RRC of measurement results.

CMAC-STATUS Indication
· 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 number 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 notification in user packet transmission.

b) Measurement information elements

- Mode (periodic, event-trigerred or both)

- THU
· THL (Optional)
· UE-BO (Optional)
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.
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Figure 9.1.1.1 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:

· C/D field
The C/D field is a single-bit flag that provides identification of the logical channel class on FACH and RACH transport channels, i.e. whether it carries CCCH or dedicated logical channel information.

C/D field
Designation

1
CCCH

0
DCCH or DTCH

                                     Table 9.2.1.1: Coding of the C/D Field

· C/T field
The C/T field provides identification of the logical channel instance when multiple logical channels are carried on the same transport channel. The C/T field is used also to provide identification of the logical channel type on dedicated transport channels and on FACH and RACH when used for user data transmission. The size of the C/T field may be variable.

C/T field

(e.g.

4 bits )
Designation

0000
Logical channel 1

0001
Logical channel 2

...
... 

1111
Logical channel 16

                                        Table 9.2.1.2: Structure of the C/T field
· UE-BO  field
The UE-BO field provides information about the buffer payload corresponding to all logical channels that are mapped to one particular transport channel of a UE. 
The buffer occupancy field consists of three parts. The Transport Channel ID is used to indicate the corresponding transport channel. The Threshold information and Relative occupancy information provide information about the buffers of the corresponding RLCs.
UE-BO

 Transport Channel ID
Threshold information
Relative occupancy information

Table 9.2.1.3: Structure of the Buffer occupancy field

Transport Channel ID
Designation

0000
Transport channel 1

0001
Transport channel 2

...
... 

1111
Transport channel 16

                                        Table 9.2.1.4: Structure of the Transport Channel ID in the Buffer Occupancy field
Threshold information
Designation

00
All corresponding logical channels below minimum threshold.

01
At least one corresponding logical channel above minimum threshold, but none above maximum threshold

10
At least one corresponding logical channel above maximum threshold

11
Spare

                                        Table 9.2.1.5: Structure of the Threshold information in the Buffer Occupancy field

Relative occupancy information
Designation

000000
All buffers empty

000001
Average buffer occupancy 1/63 

000010
Average buffer occupancy 2/63 

...
... 

111110
Average buffer occupancy 62/63 

111111
All buffers full

Table 9.2.1.6: Structure of the Relative occupancy information in the Buffer Occupancy 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.

9.2.1.1 MAC header for DTCH and DCCH

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

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

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

d) DTCH or DCCH mapped to RACH/FACH, where DTCH or DCCH are the only channels (ffs).
UE-Id field is included in MAC header. C/T field is included if multiplexing on MAC is applied.

e) DTCH or DCCH mapped to USCH:
UE-BO is included in MAC header. C/T field is included if multiplexing on MAC is applied.
f) DTCH or DCCH mapped to DSCH:
The MAC-PDU format for DSCH is left for further study.
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Figure 9.2.2.1: MAC Data PDU formats for DTCH and DCCH
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