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4.2.3.2
MAC-d entity – UE Side

Figure 4.2.3.2.1 shows the UE side MAC-d entity.

The following functionality is covered:

-
Transport Channel type switching

-
Transport Channel type switching is performed by this entity, based on decision taken by RRC. This is related to a change of radio resources. If requested by RRC, MAC shall switch the mapping of one designated logical channel between common and dedicated transport channels.
-
C/T MUX:
-
The C/T MUX is used when multiplexing of several dedicated logical channels onto one transport channel (other than HS-DSCH) or one MAC-d flow (HS-DSCH) is used. An unambiguous identification of the logical channel is included.
-
LCH mux (enhanced MAC format for HS-DSCH only):

-
LCH mux is used when multiplexing several dedicated logical channels onto one MAC-d flow (HS-DSCH). An unambiguous idenditification of the logical channel is included in the MAC-hs header.
-
Ciphering:

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

-
Deciphering:

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

-
UL TFC selection:

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

The MAC-d entity is responsible for mapping dedicated logical channels for the uplink either onto dedicated transport channels or to transfer data to MAC-c/sh/m to be transmitted via common channels.
One dedicated logical channel can be mapped simultaneously onto DCH and DSCH in TDD mode.
One dedicated logical channel can be simultaneously mapped onto DCH and HS-DSCH.

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

The MAC-d entity has a connection to the MAC-hs entity. This connection is used to receive data from the HS-DSCH transport channel which is handled by MAC-hs (downlink).

The MAC-d entity has a connection to the MAC-e/es entity. This connection is used to transmit data on the E-DCH transport channel which is handled by the MAC-e/es (uplink).

There is one MAC-d entity in the UE.
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Figure 4.2.3.2.1: UE side MAC architecture / MAC-d details
4.2.3.3
MAC-hs entity – UE Side

The MAC-hs handles the HSDPA specific functions. In the model below the MAC-hs comprises the following entities:

-
HARQ:
The HARQ entity is responsible for handling the MAC functions relating to the HARQ protocol. The HARQ functional entity handles all the tasks that are required for hybrid ARQ. It is responsible for generating ACKs or NACKs. The detailed configuration of the hybrid ARQ protocol is provided by RRC over the MAC-Control SAP.

-
Reordering Queue distribution:
The reordering queue distribution function routes the MAC-hs PDUs to the correct reordering buffer based on the Queue ID or forms reordering PDUs from received MAC-hs PDU and  routes the reordering PDUs to correct reordering buffer based on LCH ID fields (enhanced MAC format for HS-DSCH only).

-
Reordering:
The reordering entity reorders received MAC-hs SDUs according to the received TSN. MAC-hs SDUs with consecutive TSNs are delivered to the disassembly function upon reception. MAC-hs SDUs are not delivered to the disassembly function if MAC-hs SDUs with lower TSN are missing. There is one reordering entity for each Queue ID configured at the UE.
-
Reassembly (enhanced MAC format for HS-DSCH only)
The reassembly entity is responsible for reassembling the segmented MAC-d PDUs. When MAC-d PDUs are reassembled, the segmented MAC-d PDUs are combined to form complete MAC-d PDUs. The complete MAC-d PDUs then delivered to the demultiplexing function. 
-
Disassembly:
The disassembly entity is responsible for the disassembly of MAC-hs PDUs. When a MAC-hs PDU is disassembled the MAC-hs header is removed, the MAC-d PDUs are extracted and any present padding bits are removed. Then the MAC-d PDUs are delivered to higher layer.
The associated signalling shown in the figure illustrates the exchange of information between layer 1 and layer 2 provided by primitives shown in [3].
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Figure 4.2.3.3.1: UE side MAC architecture / MAC-hs details

4.2.4.2
MAC-d entity – UTRAN Side

Figure 4.2.4.2.1 shows the UTRAN side MAC-d entity.

The following functionality is covered:

-
Transport Channel type switching:
-
Transport Channel type switching is performed by this entity, based on decision taken by RRC; this is related to a change of radio resources. If requested by RRC, MAC shall switch the mapping of one designated logical channel between common and dedicated transport channels.
-
C/T MUX box;

-
the function includes the C/T field when multiplexing of several dedicated logical channels onto one transport channel (other than HS-DSCH) or one MAC-d flow (HS-DSCH) is used. 
-
LCH mux (enhanced MAC format for HS-DSCH only):

-
LCH mux is used when multiplexing several dedicated logical channels onto one MAC-d flow (HS-DSCH). An unambiguous idenditification of the logical channel is included in the MAC-hs header.
-
Priority setting;

-
This function is responsible for priority setting on data received from DCCH / DTCH;

-
Ciphering;

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

-
DL Scheduling/Priority handling;
-
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.

-
Flow Control;
-
a flow control function exists toward MAC-c/sh/m to limit buffering between MAC-d and MAC-c/sh/m entities. This function is intended to limit layer 2 signalling latency and reduce discarded and retransmitted data as a result of FACH or for TDD DSCH congestion. For the Iur interface this is specified in [11]. A flow control function also exists towards MAC-hs in case of configuration without MAC-c/sh/m, see subclause 4.2.4.2.

A MAC-d entity using common channels other than the high speed downlink shared channel is connected to a MAC-c/sh/m entity that handles the scheduling of the common channels to which the UE is assigned and DL (FACH) priority identification to MAC-c/sh/m;

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

A MAC-d entity using the high speed downlink shared channel may be connected to a MAC-c/sh/m entity that in turn is connected to the MAC-hs entity in the Node B (configuration with MAC-c/sh/m); alternately, a MAC-d entity using the high speed downlink shared channel may be connected to the MAC-hs entity in the Node B in case of configuration without MAC-c/sh/m.

A MAC-d entity using the enhanced dedicated transport channel (Uplink only) is connected to a MAC-es entity that handles the re-ordering and combining of data received from different Node Bs. Given that the MAC-es is collocated in the SRNC, it is not necessary to flow control this connection. The MAC-es indicates the logical channel for which the data is intended, to allow the MAC-d to route it appropriately.

A MAC-d entity is responsible for mapping dedicated logical channels onto the available dedicated transport channels or routing the data received on a DCCH or DTCH to MAC-c/sh/m or to MAC-hs.

One dedicated logical channel can be mapped simultaneously on DCH and DSCH in TDD mode. Different scheduling mechanisms apply for DCH and DSCH. One dedicated logical channel can be mapped simultaneously on DCH and HS-DSCH.

There is one MAC-d entity in the UTRAN for each UE that has one or more dedicated logical channels to or from the UTRAN.
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Figure 4.2.4.2.1: UTRAN side MAC architecture / MAC-d details

4.2.4.3
MAC-hs entity – UTRAN Side

There is one MAC-hs entity in the UTRAN for each cell that supports HS-DSCH transmission. The MAC-hs is responsible for handling the data transmitted on the HS-DSCH. Furthermore it is responsible for the management of the physical resources allocated to HSDPA. MAC-hs receives configuration parameters from the RRC layer via the MAC-Control SAP. There should be priority handling per MAC-d PDU in the MAC-hs. The MAC-hs is comprised of four different functional entities:

-
Flow Control:
This is the companion flow control function to the flow control function in the MAC-c/sh/m in case of configuration with MAC-c/sh/m and MAC-d in case of configuration without MAC-c/sh/m. Both entities together provide a controlled data flow between the MAC-c/sh/m and the MAC-hs (Configuration with MAC-c/sh/m) or the MAC-d and MAC-hs (Configuration without MAC-c/sh/m) taking the transmission capabilities of the air interface into account in a dynamic manner. This function is intended to limit layer 2 signalling latency and reduce discarded and retransmitted data as a result of HS-DSCH congestion. Flow control is provided independently by MAC-d flow for a given MAC-hs entity.

-
Scheduling/Priority Handling:
This function manages HS-DSCH resources between HARQ entities and data flows according to their priority. Based on status reports from associated uplink signalling either new transmission or retransmission is determined. Further it determines the either the Queue ID and TSN or the LCH ID fields, Length fields and TSN fields (enhanced MAC format for HS-DSCH only) for each new MAC-hs PDU being serviced, and in the case of TDD the HCSN is determined. A new transmission can be initiated instead of a pending retransmission at any time to support the priority handling.

-
HARQ:
One HARQ entity handles the hybrid ARQ functionality for one user. One HARQ entity is capable of supporting multiple instances (HARQ process) of stop and wait HARQ protocols. There shall be one HARQ process per HS-DSCH per TTI.

-
TFRC selection:
Selection of an appropriate transport format and resource for the data to be transmitted on HS-DSCH.

The associated signalling shown in the figure illustrates the exchange of information between layer 1 and layer 2 provided by primitives shown in [3].
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Figure 4.2.4.3.1: UTRAN side MAC architecture / MAC-hs details

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;

-
identification of UEs on common transport channels;
-
identification of MBMS services on common transport channels;
-
multiplexing/demultiplexing of upper layer PDUs into/from transport blocks delivered to/from the physical layer on common transport channels;

-
multiplexing/demultiplexing of upper layer PDUs into/from transport block sets delivered to/from the physical layer on dedicated transport channels;
-
segmentation and reassembly of upper layer PDUs (enhanced MAC format for HS-DSCH only)
-
traffic volume measurement;

-
Transport Channel type switching;

-
ciphering for transparent mode RLC;

-
Access Service Class selection for RACH transmission;

-
control of HS-DSCH transmission and reception including support of HARQ;

-
HS-DSCH Provided Bit Rate measurement;

-
control of E-DCH transmission and reception including support of HARQ;

-
generation of uplink scheduling information to assist with E-DCH resource allocation;

-
E-DCH Provided Bit-rate measurement.
6.2
Relation between MAC Functions and Transport Channels

6.2.1
Relation between MAC Functions and Transport Channels in UTRAN

Table 6.2.1.1: UTRAN MAC functions corresponding to the transport channel

	Associated
MAC
Functions
	Logical
Ch
	Trans
port
Ch
	TF
Selection
	Priority handling between UEs
	Priority handling

(one UE)
	Scheduling


	Identification of UEs or MBMS services
	Mux/
Demux on common transport channels
	Mux/
Demux on dedicated transport channels
	HARQ support
	Segmentation

	Uplink

(Rx)
	CCCH
	RACH
	
	
	
	
	
	X
	
	
	

	
	DCCH
	RACH
	
	
	
	
	X
	X
	
	
	

	
	DCCH
	DCH
	
	
	
	
	
	
	X
	
	

	
	DTCH
	RACH
	
	
	
	
	X
	X
	
	
	

	
	DTCH
	DCH
	
	
	
	
	
	
	X
	
	

	
	SHCCH
	RACH
	
	
	
	
	X
	X
	
	
	

	
	SHCCH
	USCH
	
	
	
	
	
	X
	
	
	

	
	DTCH
	USCH
	
	
	
	
	
	X
	
	
	

	
	DCCH
	USCH
	
	
	
	
	
	X
	
	
	

	
	DTCH
	E-DCH 
	
	
	
	X
	
	
	X
	X
	

	
	DCCH
	E-DCH
	
	
	
	X
	
	
	X
	X
	

	Downlink

(Tx)
	BCCH
	BCH
	
	
	
	X
	
	
	
	
	

	
	BCCH
	FACH
	X
	
	
	X
	
	X
	
	
	

	
	PCCH
	PCH
	X
	
	
	X
	
	
	
	
	

	
	CCCH
	FACH
	X
	X
	
	X
	
	X
	
	
	

	
	CTCH
	FACH
	X
	
	
	X
	
	X
	
	
	

	
	MCCH
	FACH
	X
	
	
	X
	
	X
	
	
	

	
	MSCH
	FACH
	X
	
	
	X
	
	X
	
	
	

	
	MTCH
	FACH
	X
	
	
	X
	X
	X
	
	
	

	
	CTCH
	FACH
	X
	
	
	X
	
	X
	
	
	

	
	DCCH
	FACH
	X
	X
	
	X
	X
	X
	
	
	

	
	DCCH
	DSCH
	X
	X
	
	
	X
	X
	
	
	

	
	DCCH
	DCH
	X
	
	X
	
	
	
	X
	
	

	
	DCCH
	HS-DSCH
	X (1)
	X
	X
	X
	X
	X
	
	X
	X

	
	DTCH
	FACH
	X
	X
	
	X
	X
	X
	
	
	

	
	DTCH
	DSCH
	X
	X
	
	
	X
	X
	
	
	

	
	DTCH
	DCH
	X
	
	X
	
	
	
	X
	
	

	
	DTCH
	HS-DSCH
	X (1)
	X
	X
	X
	X
	X
	
	X
	X

	
	SHCCH
	FACH
	X
	X
	
	X
	
	X
	
	
	

	
	SHCCH
	DSCH
	X
	X
	
	
	
	X
	
	
	


NOTE 1:
In case of HS-DSCH the TF selection is replaced by TFRC selection.
6.2.2
Relation of MAC Functions and Transport Channels in UE

Table 6.2.2.1: UE MAC functions corresponding to the transport channel

	Associated
MAC
Functions


	Logical Ch
	Transport Ch
	TF Selection
	Priority handling (one UE)
	Identification 
	Mux/Demux on common transport channels
	Mux/Demux on dedicated transport channels
	HARQ support
	Reassembly

	Uplink

(Tx)
	CCCH
	RACH
	
	
	
	X
	
	
	

	
	DCCH
	RACH
	X
	X
	X
	X
	
	
	

	
	DCCH
	DCH
	X
	X
	
	
	X
	
	

	
	DTCH
	RACH
	X
	X
	X
	X
	
	
	

	
	DTCH
	DCH
	X
	X
	
	
	X
	
	

	
	SHCCH
	RACH
	
	
	
	X
	
	
	

	
	SHCCH
	USCH
	X
	X
	
	X
	
	
	

	
	DCCH
	USCH
	X
	X
	
	X
	
	
	

	
	DTCH
	USCH
	X
	X
	
	X
	
	
	

	
	DCCH
	E-DCH
	X
	X
	
	
	X
	X
	

	
	DTCH
	E-DCH
	X
	X
	
	
	X
	X
	

	Downlink

(Rx)
	BCCH
	BCH
	
	
	
	
	
	
	

	
	BCCH
	FACH
	
	
	
	X
	
	
	

	
	PCCH
	PCH
	
	
	
	
	
	
	

	
	CCCH
	FACH
	
	
	
	X
	
	
	

	
	CTCH
	FACH
	
	
	
	X
	
	
	

	
	MCCH
	FACH
	
	
	
	X
	
	
	

	
	MSCH
	FACH
	
	
	
	X
	
	
	

	
	MTCH
	FACH
	
	
	X
	X
	
	
	

	
	DCCH
	FACH
	
	
	X
	X
	
	
	

	
	DCCH
	DSCH
	
	
	
	X
	
	
	

	
	DCCH
	DCH
	
	
	
	
	X
	
	

	
	DCCH
	HS-DSCH
	
	
	X
	X
	
	X
	X

	
	DTCH
	FACH
	
	
	X
	X
	
	
	

	
	DTCH
	DSCH
	
	
	
	X
	
	
	

	
	DTCH
	DCH
	
	
	
	
	X
	
	

	
	DTCH
	HS-DSCH
	
	
	X
	X
	
	X
	X

	
	SHCCH
	FACH
	
	
	
	X
	
	
	

	
	SHCCH
	DSCH
	
	
	
	X
	
	
	


9
Elements for peer-to-peer communication

9.1
Protocol data units

9.1.1
General

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

Depending on the provided service, MAC SDUs are bit strings with any non-null length, or bit strings with an integer number of octets in length. An SDU is included into a MAC PDU from first bit onward.

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

9.1.2
MAC PDU (not HS-DSCH or E-DCH)

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

The content and the size of the MAC header depends on the type of the logical channel, and in some cases none of the 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 9.1.2.1: MAC PDU
9.1.3
MAC-d PDU (HS-DSCH)

For HS-DSCH the MAC-d PDU format equals the MAC PDU format for the non HS-DSCH case.

9.1.4
MAC PDU (HS-DSCH)

In case of HS-DSCH a MAC PDU consists of one MAC-hs header and one or more MAC-hs SDUs where each MAC-hs SDU equals a MAC-d PDU. A maximum of one MAC-hs PDU can be transmitted in a TTI per UE. The MAC-hs header is of variable size. The MAC-hs SDUs in one TTI belongs to the same reordering queue. In addition to the header format shown in Figure 9.1.4.1, an enhanced MAC format for HS-DSCH can also be used, as described in Section 9.1.4a(new). The used format is configured by higher layers [7] [FFS]. 
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Figure 9.1.4.1: MAC-hs PDU
 9.1.4a(new) MAC PDU (Enhanced MAC format for HS-DSCH)
In case of enhanced MAC format for HS-DSCH, a MAC PDU consists of one MAC-hs header and one or more MAC-hs SDUs where each MAC-hs SDU equals a MAC-d PDU or a segment of a MAC-d PDU. A maximum of one MAC-hs PDU can be transmitted in a TTI per UE. The MAC-hs SDUs in one TTI can belong to different reordering queues.
The MAC-hs header is of variable size. The header can be extended with header extensions, and for each header extension there is one or more MAC-hs SDUs corresponding to that extension. 
The header is padded to make it octet aligned. [FFS].
The used format is configured by higher layers [7] [FFS].

[image: image8.wmf] 

 

 

 

    SI

1

 

LCH

-

ID

1

 

 

TSN

1

 

L

1

 

F2

1

 

MAC

-

hs header

 

MAC

-

hs SDU

 

Padding (opt)

 

MAC

-

hs SDU

 

Mac

-

hs payload

 

Padding (opt)

 

TSN

k

 

L

k

 

F2

k

 

LCH

-

ID

k

 

 

    SI

k

 


Figure 9.1.4a.1 (new): Enhanced MAC-hs PDU

9.2
Formats and parameters

NOTE:
MAC header field encodings as specified in this clause with designation "Reserved" are forbidden to be used by a sender in this version of the protocol.

9.2.1
MAC PDU: Parameters of the MAC PDU header (not HS-DSCH or E-DCH) and MAC-d PDU header (HS-DSCH and E-DCH)

The following fields are defined for the MAC header for transport channels other than HS-DSCH and for the MAC-d PDU header for HS-DSCH:

-
Target Channel Type Field
The TCTF field is a flag that provides identification of the logical channel class on FACH, USCH (TDD only), DSCH (TDD only) and RACH transport channels, i.e. whether it carries BCCH, CCCH, CTCH, SHCCH, MCCH, MTCH, MSCH or dedicated logical channel information. The size and coding of TCTF for FDD and TDD are shown in tables 9.2.1.1, 9.2.1.2, 9.2.1.3, 9.2.1.4 and 9.2.1.5. Note that the size of the TCTF field of FACH for FDD is 2,4 or 8 bits and for TDD is either 3 or 5 bits depending on the value of the 3 most significant bits. The TCTF of the RACH for TDD is either 2 or 4 bits depending on the value of the 2 most significant bits.
Table 9.2.1.1: Coding of the Target Channel Type Field on FACH for TDD

	TCTF 
	Designation

	000
	BCCH

	001
	CCCH

	010
	CTCH

	01100
	DCCH or DTCH

over FACH

	01101
	MCCH

	01110
	MTCH

	01111
	MSCH

	100
	SHCCH

	101-111
	Reserved

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


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

	TCTF 
	Designation

	00
	BCCH

	01000000
	CCCH

	01000001-01001111
	Reserved

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

	01010000
	MCCH

	01010001-01011110
	Reserved

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

	01011111
	MSCH

	0110
	MTCH

	0111
	Reserved

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

	10000000
	CTCH

	10000001-

10111111
	Reserved

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

	11
	DCCH or DTCH

over FACH


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

	TCTF 
	Designation

	0
	SHCCH

	1
	DCCH or DTCH over USCH or DSCH


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

	TCTF 
	Designation

	00
	CCCH

	01
	DCCH or DTCH

over RACH

	10-11
	Reserved

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


Table 9.2.1.5: Coding of the Target Channel Type Field on RACH for TDD

	TCTF 
	Designation

	00
	CCCH

	0100
	DCCH or DTCH

Over RACH

	0101-

0111
	Reserved

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

	10
	SHCCH

	11
	Reserved

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


-
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 (other than HS-DSCH) or same MAC-d flow (HS-DSCH). 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 is fixed to 4 bits for both common transport channels and dedicated transport channels. Table 9.2.1.5a shows the 4-bit C/T field.

Table 9.2.1.5a: Structure of the C/T field

	C/T field
	Designation

	0000
	Logical channel 1

	0001
	Logical channel 2

	...
	... 

	1110
	Logical channel 15

	1111
	Reserved

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


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

-
UTRAN Radio Network Temporary Identity (U-RNTI) may be used in the MAC header of DCCH using RLC UM (SRB1), when mapped onto common transport channels in downlink direction; the U-RNTI is never used in uplink direction;

-
Cell Radio Network Temporary Identity (C-RNTI) is used on DTCH and DCCH in uplink, and may be used on DCCH in downlink and is used on DTCH in downlink when mapped onto common transport channels, except when mapped onto DSCH transport channel in TDD;
Table 9.2.1.6: Lengths of UE Id field

	UE Id type 
	Length of UE Id field

	U-RNTI
	32 bits

	C-RNTI
	16 bits


-
UE-Id Type
The UE-Id Type field is needed to ensure correct decoding of the UE-Id field in MAC Headers.
Table 9.2.1.7: UE-Id Type field definition

	UE-Id Type field 2 bits
	UE-Id Type

	00
	U-RNTI

	01
	C-RNTI

	10
	Reserved

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

	11
	Reserved

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


· MBMS-Id
The MBMS-Id field provides an identifier of MTCH for an MBMS service carried on FACH. The MBMS-Id is used in the MAC header of MTCH mapped onto FACH in downlink direction; the MBMS-Id is never used in uplink direction. The MBMS Id to be used by MAC is configured through the MAC control SAP. The length of the MBMS-Id field is 4 bits. Table 9.2.1.7a 
shows the 4-bit MBMS-Id field.
Table 9.2.1.8: Structure of the MBMS-Id field

	MBMS-Id field
	MBMS logical channel identity [7]

	0000
	1

	0001
	2

	...
	... 

	1110
	15

	1111
	Reserved

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


9.2.1.1a
MAC-d Header for DTCH and DCCH (mapped on HS-DSCH)

The MAC-d PDU header for DTCH and DCCH mapped on HS-DSCH is as shown in figure 9.2.1.1a.1.

-
C/T field is included in the MAC-d PDU header if multiplexing on MAC is applied.
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Figure 9.2.1.1a.1 MAC-d PDU format for DTCH and DCCH mapped on HS-DSCH

9.2.1.1b(new)
MAC-d Header for DTCH and DCCH (mapped on HS-DSCH, enhanced MAC format for HS-DSCH)

The MAC-d PDU header for DTCH and DCCH mapped on HS-DSCH is as shown in figure 9.2.1.1a.1.

-
No MAC-d PDU header is required.
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Figure 9.2.1.1b.1(new) MAC-d PDU format for DTCH and DCCH mapped on HS-DSCH, enhanced MAC format for HS-DSCH
9.2.2
MAC PDU: Parameters of the MAC header (HS-DSCH)

-
Version Flag (VF):
The VF field is a one bit flag providing extension capabilities of the MAC-hs PDU format. The VF field shall be set to zero and the value one is reserved in this version of the protocol.

-
Queue identifier (Queue ID):
The Queue ID field provides identification of the reordering queue in the receiver, in order to support independent buffer handling of data belonging to different reordering queues. The length of the Queue ID field is 3 bit.

-
Transmission Sequence Number (TSN):
The TSN field provides an identifier for the transmission sequence number on the HS-DSCH. The TSN field is used for reordering purposes to support in-sequence delivery to higher layers. The length of the TSN field is 6 bit.

-
Size index identifier (SID):
The SID fields identifies the size of a set of consecutive MAC-d PDUs. The MAC-d PDU size for a given SID is configured by higher layers and is independent for each Queue ID. The length of the SID field is 3 bit.

-
Number of MAC-D PDUs (N):
The number of consecutive MAC-d PDUs with equal size is identified with the N field. The length of the N field is 7 bits. In FDD mode, the maximum number of PDUs transmitted in a single TTI shall be assumed to be 70. In 1.28 Mcps TDD mode, the maximum number of PDUs transmitted in a single TTI shall be assumed to be 45. In 3.84 Mcps TDD mode, the maximum number of PDUs transmitted in a single TTI shall be assumed to be 318. In 7.68 Mcps TDD mode, the maximum number of PDUs transmitted in a single TTI shall be assumed to be 636. If more PDUs than the defined maximum number of PDUs for the corresponding mode are received, the UE behaviour is unspecified.
-
Flag (F):
The F field is a flag indicating if more fields are present in the MAC-hs header or not. If the F field is set to "0" the F field is followed by an additional set of SID, N and F fields. If the F field is set to "1" the F field is followed by a MAC-d PDU. The maximum number of MAC-hs header extensions, i.e. number of fields F set to "0", in a single TTI shall be assumed to be 7. If more extensions than the maximum defined for the corresponding mode are included in a TTI, the UE behaviour is unspecified.
9.2.2.1
MAC header for DTCH and DCCH

a)
DTCH or DCCH mapped to HS-DSCH:
-
The Queue ID field and TSN field are always included in the MAC-hs header. One SID field, N field and F field is included for each MAC-d PDU size included in the MAC-hs PDU. Padding is not explicitly indicated but is included in the end of the MAC-hs PDU if the total size of the MAC-hs payload plus the MAC-hs header is smaller than the transport block set size.
9.2.2a(new)
MAC PDU: Parameters of the MAC header (HS-DSCH, enhanced MAC format for HS-DSCH)

-
Transmission Sequence Number (TSN):
The TSN field provides an identifier for the transmission sequence number on the HS-DSCH. The TSN field is used for reordering purposes to support in-sequence delivery to higher layers. The length of the TSN field is 6 bit.
-
Logical channel identifier (LCH-ID):

The LCH-ID field provides identification of the logical channel at the receiver, in order to allow multiplexing and demultiplexing of PDUs from several logical channels. The length of the LCH-ID is 4 bits [FFS]. 

-
Segmentation Indication (SI)

The SI field indicates if the MAC-d PDU has been segmented. Table 9.2.2a.1 shows the 2 bit SI field. Each SI field addressed a set of MAC-hs SDUs. The exact definition of the SI is FFS.
Table 9.2.2a.1 (new): Structure of the SI field

	SI Field
	Segmentation indication

	00
	The first MAC-hs SDU of the addressed set of MAC-hs SDUs is a complete MAC-d PDU.
The last MAC-hs SDU of the addressed set of MAC-hs SDUs is a complete MAC-d PDU.

	01
	The first MAC-hs SDU of the addressed set of MAC-hs SDUs is a segment of a MAC-d PDU.

The last MAC-hs SDU of the addressed set of MAC-hs SDUs is a complete MAC-d PDU.

	10
	The first MAC-hs SDU of the addressed set of MAC-hs SDUs is a complete MAC-d PDU.

The last MAC-hs SDU of the addressed set of MAC-hs SDUs is a segment of a MAC-d PDU.

	11
	The first MAC-hs SDU of the addressed set of MAC-hs SDUs is a segment of a MAC-d PDU.

The last MAC-hs SDU of the addressed set of MAC-hs SDUs is a segment of a MAC-d PDU.


-
Length (L)

The L field provides the length of the MAC-hs SDU in octets. The MAC-hs SDU size can vary for each MAC-hs SDU in the MAC-hs PDU, and is set for each MAC-hs SDU individually. 
If the MAC-hs SDU contains an unsegmented MAC-d PDU, the L field is set to the length of the MAC-d PDU. If the MAC-hs SDU contains a segment of the MAC-d PDU, the L field is set to the length of the segment. The setting of the L field when segmenting is [FFS]. 
The length of the Length field is 11 bit [FFS]. 
If the MAC-hs PDU contains several MAC-hs SDUs, consisting of unsegmented MAC-d PDUs with the Maximum MAC-d PDU sizes and belonging to the same logical channel, a special value of L field can be used to indicate 2 to 9 MAC-hs SDUs. The special values of L field are FFS.
Table 9.2.2a.2 (new): Reserved values of the L field

	L Field
	Indication

	11111111000
	The MAC-hs PDU contains 2 MAC-hs SDUs of Maximum MAC-d PDU size

	11111111001
	The MAC-hs PDU contains 3 MAC-hs SDUs of Maximum MAC-d PDU size

	…
	

	11111111111
	The MAC-hs PDU contains 9 MAC-hs SDUs of Maximum MAC-d PDU size


-
Flag2 (F2)

The F2 field indicates if more fields are present in the MAC-hs header or not. Table 9.2.2a.2 shows the structure of the F2 field. The exact definition of the F2 field is FFS.
Table 9.2.2a.2 (new): Structure of the F2 field

	F2 Field
	Indication

	00
	The F2 field is followed by a MAC-hs SDU. 

	01
	The F2 field is followed by L field and F2 fields, 

	10
	The F2 field is followed by LCH-ID, L and F2 fields.

	11
	The F2 field is followed by LCH-ID, TSN, SI, L and F2 fields.


9.2.2a.1
MAC header for DTCH and DCCH

a)
DTCH or DCCH mapped to HS-DSCH:
-
There is always one SI field, LCH ID field, TSN field, L field and F2 for each MAC-hs SDU included in the MAC-hs PDU. Padding is not explicitly indicated but is included in 

-
the end of the MAC-hs header if the total size of the MAC-hs header is not octet aligned [FFS]. 

- 
the end of the MAC-hs PDU if the total size of the MAC-hs payload plus the MAC-hs header is smaller than the transport block set size.
11.6a(new)

Control of HS-DSCH transmission and reception (enhanced MAC format for HS-DSCH)
11.6a.1
Network operation

The following are the functions of the various functional entities at the network in support of the HARQ protocol used on HS-DSCH when enhanced format is used.

11.6a.1.1
Scheduler

The scheduler performs the following functions:

-
Schedules all UEs within a cell;

-
Services priority queues:

-
The scheduler schedules MAC-hs SDUs based on information from upper layers. One UE may be associated with one or more MAC-d flows. Each MAC-d flow contains HS-DSCH MAC-d PDUs for one or several priority queues.

-
Determines the HARQ Entity and the queue to be serviced;

· Sets the TSN values for new data blocks being transferred from the selected queue;

-
set the TSN to value 0 for the first MAC-hs SDU transmitted from the selected queue;

-
increment the TSN with one for each subsequently transmitted MAC-hs SDU from the selected queue.
NOTE:
The scheduler may re-use TSNs by toggling the NDI bit in order to resume pre-empted transmissions or to force the UE to flush the soft buffer. In this case the content of the payload may be changed but care should be taken to preserve the higher layer data order.
-
Indicates the LCH ID and TSN field values to the HARQ entity for each MAC-hs SDU to be transmitted;

-
Schedules new transmissions and retransmissions:

-
Based on the status reports from HARQ Processes the scheduler determines if either a new transmission or a retransmission should be made. A new transmission can however be initiated on a HARQ process at any time. Based on a delay attribute provided by upper layers, the scheduler may decide to discard any 'out-of-date' MAC-hs SDU.
-
Determines the redundancy version:

-
The scheduler determines a suitable redundancy version for each transmitted and retransmitted MAC-hs PDU and indicates the redundancy version to lower layer.
-
Determines the TDD HCSN;

-
Increment UE specific HCSN for each HS-SCCH transmission. 

11.6a.1.2
HARQ entity

-
There is one HARQ entity per UE in UTRAN.

-
The HARQ entity sets the LCH ID fields in transmitted MAC-hs PDUs to the values indicated by the UTRAN scheduler.
-
The HARQ entity sets the transmission sequence number (TSN) fields in transmitted MAC-hs PDUs to the values indicated by the UTRAN scheduler.
-
The HARQ entity sets the HARQ process identifier in transmitted MAC-hs PDUs. UTRAN should:

-
determine a suitable HARQ process to service the MAC-hs PDU and set the HARQ process identifier accordingly.

11.6a.1.3
HARQ process

-
The HARQ process sets the New data indicator in transmitted MAC-hs PDUs. UTRAN should:

-
set the New Data Indicator to the value "0" for the first MAC-hs PDU transmitted by a HARQ process;

-
not increment the New Data Indicator for retransmissions of a MAC-hs PDU;

-
increment the New Data Indicator with one for each transmitted MAC-hs PDU containing new data.

-
The HARQ process processes received status messages. UTRAN should:

-
deliver received status messages to the scheduler.

11.6a.2
UE operation

The UE operation in support of the HARQ protocol used on HS-DSCH is split among the following five functional units with their associated functions.

11.6a.2.1
HARQ Entity

There is one HARQ entity at the UE which processes the HARQ process identifiers received on the HS-SCCH transmissions associated with MAC-hs PDUs received on the HS-DSCH.

A number of parallel HARQ processes are used in the UE to support the HARQ entity. The number of HARQ processes is configured by upper layers:

-
Each received MAC-hs PDU shall be allocated to the HARQ process indicated by the HARQ process identifier of the MAC-hs PDU.

11.6a.2.2
HARQ process

The HARQ process processes the New Data Indicator indicated by lower layers for each received MAC-hs PDU.

The UE may:

-
for FDD, if the MAC-hs PDU is received within 5 sub-frames from the reception of the previous MAC-hs PDU intended for this HARQ process; or

-
for TDD, if the MAC-hs PDU is received before generation of feedback resulting from reception of a previous MAC-hs PDU for the same H-ARQ process:

-
discard the MAC-hs PDU.

The UE shall:

-
if the New Data Indicator has been incremented compared to the value in the previous received transmission in this HARQ process or this is the first received transmission in the HARQ process:

-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if the Transport Block Size index value is equal to 111111 (FDD only):

-
generate a positive acknowledgement (ACK) of the data in this HARQ process;

-
discard the received data;

-

assume that the data has been successfully decoded.
-
if the New Data Indicator is identical to the value used in the previous received transmission in the HARQ process:
-
if the Transport Block Size index value is equal to 111111 (FDD only):

-
assume that the transport block size is identical to the last valid transport block size signalled for this HARQ process.

-
if the data has not yet been successfully decoded:
-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the transport block size is different from the last valid transport block size signalled for this HARQ process:
-
the UE may replace the data currently in the soft buffer for this HARQ process with the received data.

-
if the data in the soft buffer has been successfully decoded and no error was detected:

-
deliver the decoded MAC-hs PDU to the reordering queue distribution entity;

-
generate a positive acknowledgement (ACK) of the data in this HARQ process.

-
else:

-
generate a negative acknowledgement (NAK) of the data in this HARQ process;

-
schedule the generated positive or negative acknowledgement for transmission and the time of transmission relative to the reception of data in a HARQ process is configured by upper layer.
11.6a.2.2b
Reordering queue distribution entity
The reordering queue distribution entity processes the MAC-hs header. For each set of MAC-hs SDUs corresponding to a TSN field in the MAC-hs PDU, the UE shall:
-
combine the set of MAC-hs SDUs together with corresponding SI field, LCH ID field, and TSN field to form a reordering PDU.
- 
arrange the reordering PDU in queues based on the LCH ID. The mapping of the LCH ID to queue is provided by upper layers [7].
11.6a.2.3
Reordering entity

11.6a.2.3.1
Definitions

In the functions described in this section the following definitions apply:
Parameters

-
Transmitter window size (TRANSMIT_WINDOW_SIZE) 
TRANSMIT_WINDOW_SIZE is the size of the transmitter window according to the definition below.  This is a parameter in the Node B and the value of the parameter is configured by higher layers. 

-
Receiver window size (RECEIVE_WINDOW_SIZE)
RECEIVE_WINDOW_SIZE is the size of the receiver window according to the definition below. This is a parameter in the UE and the value of the parameter is configured by higher layers.
State variables

All state variables are non-negative integers. Reordering PDUs are numbered by modulo integer Transmission sequence numbers (TSN) cycling through the field 0 to 63. All arithmetic operations contained in the present document on next_expected_TSN, RcvWindow_UpperEdge, T1_TSN and TSN_flush are affected by the 64 modulus. When performing arithmetic comparisons of state variables or Transmission sequence number values a 64 modulus base shall be used. This modulus base is subtracted (within the appropriate field) from all the values involved and then an absolute comparison is performed. RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1 shall be assumed to be the modulus base.
-
next_expected_TSN:
The next_expected_TSN is the Transmission sequence number (TSN) following the TSN of the last in-sequence reordering PDU received. It shall be updated according to the procedures given in subclauses 11.6a.2.3.2, 11.6a.2.5 and 11.6a.2.6. The initial value of next_expected_TSN =0.
-
RcvWindow_UpperEdge:
The RcvWindow_UpperEdge represents the TSN, which is at the upper edge of the receiver window. After the first reordering PDU has been received successfully, it also corresponds to the reordering PDU with the highest TSN of all received reordering PDUs. The initial RcvWindow_UpperEdge equals 63. RcvWindow_UpperEdge is updated based on the reception of new reordering PDU according to the procedure given below.

-
T1_TSN:
The TSN of the latest MAC-hs SDU that cannot be delivered to the reassembly entity, when the timer T1 is started.

Timers

-
Re-ordering release timer (T1):
The Re-ordering release timer T1 controls the stall avoidance in the UE reordering buffer as described below. The value of T1 is configured by upper layers.

Other definitions

-
Receiver window:
The receiver window defines TSNs of those reordering PDUs that can be received in the receiver without causing an advancement of the receiver window according to the procedure below. The size of the receiver window equals RECEIVE_WINDOW_SIZE and spans TSNs going from RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1 to RcvWindow_UpperEdge included.
11.6a.2.3.2
Reordering functionality
If no timer T1 is active:

-
the timer T1 shall be started when a reordering PDU with TSN > next_expected_TSN is correctly received. 
-
T1_TSN shall be set to the TSN of this reordering PDU.
If a timer T1 is already active:

-
no additional timer shall be started, i.e. only one timer T1 may be active at a given time.

The timer T1 shall be stopped if:

-
the reordering PDU with TSN = T1_TSN can be delivered to the reassembly entity before the timer expires.

When the timer T1expires and T1_TSN > next_expected_TSN:

-
all correctly received reordering PDUs with TSN > next_expected_TSN up to and including T1_TSN-1 shall be delivered to the reassembly entity;

-
all correctly received reordering PDUs up to the next not received reordering PDU shall be delivered to the reassembly entity.
-
next_expected_TSN shall be set to the TSN of the next not received reordering PDU.
When the timer T1 is stopped or expires, and there still exist some received reordering PDUs that can not be delivered to higher layer:

-
timer T1 is started
-
set T1_TSN to the highest TSN among those of the sets pf MAC-hs SDUs that can not be delivered.

Transmitter operation:

After the transmitter has transmitted a reordering PDU with TSN=SN, any reordering PDU with TSN ( SN – TRANSMIT_WINDOW_SIZE should not be retransmitted to avoid sequence number ambiguity in the receiver.

Receiver operation:

When a reordering PDU with TSN = SN is received:

-
if SN is within the receiver window:

-
if SN < next_expected_TSN, or this reordering PDU has previously been received:

-
the reordering PDU shall be discarded;
-
else:
-
the reordering PDU shall be placed in the reordering buffer at the place indicated by the TSN.

-
if SN is outside the receiver window:

-
the received reordering PDU shall be placed above the highest received TSN in the reordering buffer, at the position indicated by SN;

-
RcvWindow_UpperEdge shall be set to SN thus advancing the receiver window;

-
any reordering PDU with TSN ( RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE, i.e. outside the receiver window after its position is updated, shall be removed from the reordering buffer and be delivered to the reassembly entity;
-
if next_expected_TSN is below the updated receiver window:

-
next_expected_TSN shall be set to RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1; 

-
if the reordering PDU with TSN = next_expected_TSN is stored in the reordering buffer:
-
all received reordering PDUs with consecutive TSNs from next_expected_TSN (included) up to the first not received reordering PDU shall be delivered to the reassembly entity;
-
next_expected_TSN shall be advanced to the TSN of this first not received reordering PDU.
In case a UE has insufficient memory to process a received reordering PDU, it shall perform the following set of operations:

-
select TSN_flush such that: next_expected_TSN < TSN_flush ≤ RcvWindow_UpperEdge + 1;

-
deliver all correctly received reordering PDUs with TSN < TSN_flush to the reassembly entity;

-
if the reordering PDU with TSN=TSN_flush has previously been received:

-
deliver all received reordering PDUs with consecutive TSNs from TSN_flush (included) up to the first not received reordering PDU to the reassembly entity;

-
advance next_expected_TSN to the TSN of this first not received reordering PDU.

-
else:
-
set next_expected_TSN to TSN_flush.
11.6a.2.3a
Reassembly unit

The reassembly unit processes the SI field associated with a reordering PDU. The UE shall:

-
if SI field is set to “00” to indicate that the first and last MAC-hs SDUs of the set are complete MAC-d PDUs:



-
deliver all MAC-d PDUs corresponding to MAC-hs SDUs in the set to demultiplexing entity;

-
if SI field is set to “01” to indicate that the first MAC-hs SDU is a segment of the a MAC-d PDU but the last is not;


-
if the received and stored MAC-hs SDUs are consecutive:




- combine the first received MAC-hs SDU with the stored MAC-hs SDU;



- deliver the MAC-d PDU corresponding to the combined MAC-hs SDU to demultiplexing entity.


- 
if the received and stored MAC-hs SDUs are not consecutive



- discard the received and stored MAC-hs SDU.


-
deliver all MAC-d PDUs corresponding to subsequent MAC-hs SDUs in the set to demultiplexing entity;

-
if SI field is set to “10” to indicate that the last MAC-hs SDU is a segment of the a MAC-d PDU but the first is not;



-
deliver all MAC-d PDUs corresponding to all but last MAC-hs SDU in the set to demultiplexing entity;



-
discard any previously stored MAC-hs SDU and store the last MAC-hs SDU of the received reordering PDU

-
if SI field is set to “11” to indicate that both the first and last MAC-hs SDUs are segments of a MAC-d PDU;



-
if the received and stored MAC-hs SDUs are consecutive:




- combine the first received MAC-hs SDU with the stored MAC-hs SDU;



-
if there is only one MAC-hs SDU in the set





- 
combine the received MAC-hs SDU with the stored MAC-hs SDU.




-
if there are several MAC-hs SDUs in the set




- 
deliver the MAC-d PDU corresponding to the combined MAC-hs SDU to demultiplexing entity.




-
deliver all MAC-d PDUs corresponding to all but last MAC-hs SDU in the set to demultiplexing entity;




-
discard any previously stored MAC-hs SDU and store the last MAC-hs SDU of the received reordering PDU


- 
if the received and stored MAC-hs SDUs are not consecutive:




- discard the received and stored MAC-hs SDU.
11.6a.2.4
Demultiplexing entity

For each MAC-d PDU that is delivered to the demultiplexing entity, the UE shall:

-
deliver the MAC-d PDUs to MAC-d based on the corresponding LCH ID field.

11.6a.2.5
MAC-hs Reset

If a reset of the MAC-hs entity is requested by upper layers, the UE shall at the activation time indicated by higher layers:

-
flush soft buffer for all configured HARQ processes;

-
stop all active re-ordering release timer (T1) and set all timer T1 to their initial value;

-
start TSN with value 0 for the next transmission on every configured HARQ process;

-
initialise the variables RcvWindow_UpperEdge and next_expected_TSN to their initial values;
-
deliver all reordering PDUs in the re-ordering buffer to the reassembly entity;

-
flush the re-ordering buffer.
and then:

if the MAC-hs reset was initiated due to reception of the IE "MAC-hs reset indicator" by the upper layers [7]:
-
indicate to all AM RLC entities mapped on HS-DSCH to generate a status report.

11.6a.2.6
Reconfiguration of MAC-hs parameters

The parameters for a MAC-hs entity may be reconfigured (modifed) by upper layers. 

When a parameter is reconfigured by the upper layer, the UE shall:

-
start using the reconfigured value of the parameter at the activation time indicated by higher layers.

If the parameter T1 is reconfigured for an already existing re-ordering queue, the UE shall:

-
start to use the new value of T1 the next time T1 is started.

If the parameter RECEIVE_WINDOW_SIZE is reconfigured for a re-ordering queue, the UE shall:

-
set RECEIVE_WINDOW_SIZE to the new value;

-
remove any reordering PDUs in this re-ordering queue with TSN ( RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE (i.e. outside the receiver window after its size is updated) from the reordering buffer and deliver these reordering PDUs to the reassembly entity;

-
if next_expected_TSN is below the receiver window after its size is updated:

-
set next_expected_TSN to RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1;

-
deliver all received reordering PDUs in this re-ordering queue with consecutive TSNs from next_expected_TSN (included) up to the first not received reordering PDU to the reassembly entity;
-
advance next_expected_TSN to the TSN of this first not received reordering PDU.
If the "Memory Partitioning" (see [7]) for soft buffer is reconfigured, the UE shall:

-
flush soft buffer for all configured HARQ processes.
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Figure 4.2.3.2.1: UE side MAC architecture / MAC-d details
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