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3.1.2.2
FDD

Active Process: HARQ process for which Scheduling Grant are applicable, i.e. scheduled data can be sent.
AG_Timer: This timer is set to one HARQ RTT (40ms in the case of 10ms TTI, 16ms in the case of 2ms TTI). 
Common E-DCH resource: Common E-DCH resources are under direct control of the Node B and are shared by UEs in CELL_FACH state and IDLE mode. The RNC is not involved in the assignment of these resources to UEs. Since only one NodeB is involved in the resource allocation, soft handover is not possible.
E-DCH active set: The set of cells which carry the E-DCH for one UE.
E-DCH Enhanced Random Access: combines the REL99 random access power ramping phase with E-DCH transmission. The procedure can be started in idle mode and CELL_FACH state.
Inactive Process: HARQ process for which Scheduling Grants are not applicable, i.e. scheduled data cannot be sent.

INACTIVE: Absolute Grant value that can be sent by the serving cell's scheduler on the E-AGCH to deactivate a process or to switch the UE to its secondary E-RNTI. In CELL_FACH state, this absolute grant value is used to release a common E-DCH resource. 
Maximum_Serving_Grant: The variable Maximum_Serving_Grant indicates the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to use for scheduled data while the timer Non_Serving_RG_Timer has not expired.

Maximum number of re-transmissions, Maximum number of transmissions: Maximum number of re-transmissions = maximum number of transmissions - 1. Both these notations are used.

Minimum_Grant: The value Minimum_Grant corresponds to the minimum E-DPDCH to DPCCH power ratio that the UE considers. This value is in index 0 of the configured scheduling grant table described in subclause 9.2.5.2.1.
Non-serving E-DCH RL or Non-serving RL: Cell which belongs to the E-DCH active set but does not belong to the Serving E-DCH RLS and from which the UE can receive one Relative Grant. The UE can have zero, one or several Non-serving E-DCH RL(s).
Non_Serving_RG_Timer: This timer is set to one HARQ RTT (40ms in the case of 10ms TTI, 16ms in the case of 2ms TTI).
Primary Absolute Grant: Absolute Grant received with the primary E-RNTI.

Primary_Grant_Available: This state variable is a Boolean, indicating whether the UE’s serving grant is only affected by Primary Absolute Grants and Relative Grants (i.e. not by Secondary Absolute Grants).
reference_ETPR: The state variable reference_ETPR holds the E-DPDCH to DPCCH power ratio used as reference for relative grant commands. This variable is set to the E-DPDCH to DPCCH power ratio used for the E-TFC selected for the previous TTI on this HARQ process, calculated using the amplitude ratios prior to the quantization according to subclause 5.1.2.5B.2.3 or 5.1.2.5B.2.4 of [13], excluding non-scheduled transmissions, excluding any scaling applied according to subclause 5.1.2.6 of [13] and is obtained from the physical layer. In case no scheduled transmission took place on a HARQ process in the previous TTI, reference_ETPR shall be set to Minimum_Grant for this HARQ process. 
reference_ETPR2: The state variable reference_ETPR2 holds the E-DPDCH to DPCCH power ratio used as reference for non serving relative grant commands. This variable is set to the previously stored reference_ETPR on this HARQ process when the reference_ETPR is updated with a new value.
Secondary Absolute Grant: Absolute Grant received with the secondary E-RNTI.
Serving E-DCH RLS or Serving RLS: Set of cells which contains at least the Serving E-DCH cell and from which the UE can receive and combine one Relative Grant. The UE has only one Serving E-DCH RLS.

Stored_Secondary_Grant: This state variable is used to store the last received Secondary Absolute Grant Value. Possible values are: "Zero_Grant" and numerical values.
< next modified section >
4.2.3
Traffic Related Architecture - UE Side

Figure 4.2.3.1 illustrates the connectivity of MAC entities.
The MAC-c/sh/m controls access to all common transport channels, except the HS-DSCH transport channel and the E-DCH transport channel (FDD only).

The MAC-d controls access to all dedicated transport channels, to MAC-c/sh/m and MAC-hs/ehs.
The MAC-c/sh/m controls access to MAC-is/i. (FDD only)
The MAC-hs/ehs handles the HSDPA specific functions and controls access to the HS-DSCH transport channel. Upper layers configure which of the two entities, MAC-hs or MAC-ehs, is to be applied to handle HS-DSCH functionality.
The MAC-e/es or MAC-i/is controls access to the E-DCH transport channel. Upper layers configure which of the two entities, MAC-e/es or MAC-i/is, is to be applied to handle E-DCH functionality.
In case of selective combining of MTCH channels from multiple cells, the MAC-m controls access to the FACH transport channels used to carry MTCH and MSCH.
In the downlink, if logical channels of dedicated type are mapped to common transport channels then MAC-d receives the data from MAC-c/sh/m or MAC-hs/ehs via the illustrated connection between the functional entities.

In the uplink, if logical channels of dedicated type are mapped to common transport channels then MAC-d submits the data to MAC-c/sh/m and MAC-is/i via the illustrated connection between the functional entities.

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

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 4.2.3.1: UE side MAC architecture

4.2.3.1
MAC-c/sh/m entity – UE Side

Figure 4.2.3.1.1 shows the UE side MAC-c/sh/m entity.

The following functionality is covered:

-
TCTF MUX:

-
this function represents the handling (insertion for uplink channels and detection and deletion for downlink channels) of the TCTF field in the MAC header, and the respective mapping between logical and transport channels.
The TCTF field indicates the common logical channel type, or if a dedicated logical channel is used;

-
add/read UE Id:

-
the UE Id is added for RACH transmissions;

-
the UE Id, when present, identifies data to this UE.
-
read MBMS Id:

-
the MBMS Id is read in case of MTCH reception;

-
the MBMS Id identifies received data to an MBMS service.
-
UL: TF selection:

-
in the uplink, the possibility of transport format selection exists.

-
ASC selection:

-
For RACH, MAC indicates the ASC associated with the PDU to the physical layer. This is to ensure that RACH messages associated with a given Access Service Class (ASC) are sent on the appropriate signature(s) and time slot(s). MAC also applies the appropriate back-off parameter(s) associated with the given ASC. When sending an RRC CONNECTION REQUEST message, RRC will determine the ASC; in all other cases MAC selects the ASC;

-
scheduling /priority handling

-
this functionality is used to transmit the information received from MAC-d on RACH based on logical channel priorities. This function is related to TF selection.

-
TFC selection

-
transport format and transport format combination selection according to the transport format combination set (or transport format combination subset) configured by RRC is performed,
The RLC provides RLC-PDUs to the MAC, which fit into the available transport blocks on the transport channels.

There is one MAC-c/sh/m entity in each UE.
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Figure 4.2.3.1.1: UE side MAC architecture / MAC-c/sh/m details
< next modified section >
4.2.3.6
MAC-i/is entity – UE Side

The split between MAC-i and MAC-is in the UE is not detailed. In the model below the MAC-i/is comprises the following entities:

-
HARQ:
The HARQ entity is responsible for handling the MAC functions relating to the HARQ protocol. It is responsible for storing MAC-i payloads and re-transmitting them. The detailed configuration of the hybrid ARQ protocol is provided by RRC over the MAC-Control SAP.
-
For FDD: The HARQ entity provides the E-TFC, the retransmission sequence number (RSN), and the power offset to be used by L1. Redundancy version (RV) of the HARQ transmission is derived by L1 from RSN, CFN and in case of 2 ms TTI from the sub-frame number.

-
For TDD: The HARQ entity provides the HARQ process identity, the E-TFC, the retransmission sequence number (RSN) and an indication of the power offset to be used by L1. The redundancy version  (RV) of the HARQ transmission is derived by L1 from RSN. RRC signalling can also configure the L1 to use RV=0 for every transmission.
-
Multiplexing and TSN setting:
The multiplexing and TSN setting entity is responsible for concatenating multiple MAC-d PDUs into MAC-is PDUs, and to multiplex one or multiple MAC-is PDUs into a single MAC-i PDU, to be transmitted in the next TTI, as instructed by the E-TFC selection function. It is also responsible for managing and setting the TSN per logical channel for each MAC-is PDU. 
In FDD, the multiplexing and TSN setting entity is responsible for multiplexing one MAC-c PDUs or segments of one MAC-c PDUs into a single MAC-is PDU, and forto multiplexing one MAC-is PDUs into a single MAC-i PDU, to be transmitted in the next TTI, as instructed by the E-TFC selection function. It is also responsible for managing and setting the TSN for the common control channel for each MAC-is PDU.
-
Segmentation:
The segmentation function is responsible for segmenting MAC-d PDUs. 
-
CRC Attachment (FDD only):
If MAC segmentation is performed for MAC-c PDUs, a CRC is attached to the MAC-is SDU before this data (MAC-c PDU and CRC checksum) is segmented. The size of the CRC field is 8 bits and the CRC is calculated as specified in section 4.2.1.1 in [16].
-
Add/Read UE ID (FDD only):
In CELL_DCH state, no E-RNTI is included in the MAC-PDU header. 
In CELL_FACH, if an E-RNTI is allocated to the UE, the E-RNTI is added in all MAC-i PDUs at the UE side until the UE receives an E-AGCH with its E-RNTI (through an E-RNTI-specific CRC attachment). When the UE ID is present, it identifies DCCH and DTCH data transmission from this UE.
In CELL_FACH state if no E-RNTI is allocated and in Idle mode, no E-RNTI is added in MAC-i PDUs for CCCH data transmission.
-
E-TFC selection:
This entity is responsible for E-TFC selection according to the scheduling information, Relative Grants (FDD only) and Absolute Grants, received from UTRAN via L1 and Serving Grant value signalled through RRC, and for arbitration among the different flows mapped on the E-DCH. The detailed configuration of the E-TFC entity is provided by RRC over the MAC-Control SAP. The E-TFC selection function controls the multiplexing function. 
-
ASC selection (FDD only):
At the start of the E-DCH Enhanced Random Access, MAC-is/i applies the appropriate back-off parameter(s) associated with the given ASC. When sending an RRC CONNECTION REQUEST message, RRC will determine the ASC; in all other cases MAC-is/i selects the ASC.
-
Scheduling Access Control (TDD only):

The Scheduling Access Control entity is responsible for routing associated uplink signalling via E-UCCH and MAC-e PDU (in the case that E-DCH resources are assigned) or via E-RUCCH (in the case that no E-DCH resources are assigned). It is also responsible for obtaining and formatting the appropriate information to be carried on E-UCCH/E-RUCCH.

NOTE:
HARQ process ID and RSN are carried on E-UCCH.

[image: image5.emf]MAC-is/i

MAC – Control

Associated Uplink  Signaling 

E-TFC (E-DPCCH)

to MAC

-d

HARQ

E-TFC Selection

Associated Scheduling  

Downlink Signaling 

(E-AGCH / E-RGCH)

Associated ACK/NACK 

Signaling (E-HICH)

Segmentation Segmentation

Segmentation

to MAC

-c

Multiplexing and TSN setting

Add UE id

CRC Attachment

ASC Selection




Figure 4.2.3.6-1: UE side MAC architecture / MAC-i/is details (FDD)
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Figure 4.2.3.6-2: UE side MAC architecture / MAC-i/is details (TDD)

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 cell's MAC-c/sh/m.

MAC-c/sh/m is located in the controlling RNC while MAC-d is located in the serving RNC. MAC-hs/ehs is located in the Node B. The MAC-d PDUs to be transmitted are transferred from MAC-c/sh/m to the MAC-hs/ehs via the Iub interface in case of configuration with MAC-c/sh/m, or from the MAC-d via Iur/Iub in case of configuration without MAC-c/sh/m. 

For TDD, and for FDD in CELL_DCH, for each UE that uses E-DCH, one MAC-e or MAC-i entity per Node-B and one MAC-es or MAC-is entity in the SRNC are configured. MAC-e or MAC-i, located in the Node B, controls access to the E-DCH and is connected to MAC-es or MAC-is, located in the SRNC. MAC-es or MAC-is is further connected to MAC-d. There is one transport bearer set up per E-DCH MAC-d flow. 
For FDD, for DTCH and DCCH transmission in CELL_FACH, for each UE that uses E-DCH, one MAC-i entity per Node-B and one MAC-is entity in the SRNC are configured. MAC-i, located in the Node B, controls access to the E-DCH and is connected to MAC-is, located in the SRNC. MAC-is is further connected to MAC-d. There is one common transport bearer set up for all MAC-d flows. 
For FDD, for CCCH transmission, for each UE that uses E-DCH, one MAC-i entity per Node-B and one MAC-is entity in the CRNC are configured. MAC-i, located in the Node B, controls access to the E-DCH and is connected to MAC-is in the CRNC.
The MAC Control SAP is used to transfer Control information to each MAC entity belonging to one UE.

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 4.2.4.1: UTRAN side MAC architecture
4.2.4.1
MAC-c/sh/m entity – UTRAN Side

Figure 4.2.4.1.1 shows the UTRAN side MAC-c/sh/m entity. The following functionality is covered:

-
Scheduling – Buffering – Priority Handling;

-
this function manages FACH and for TDD DSCH resources between the UEs and between data flows according to their priority and delay requirements set by higher layers.

-
TCTF MUX

-
this function represents the handling (insertion for downlink channels and detection and deletion for uplink channels) of the TCTF field in the MAC header, and the respective mapping between logical and transport channels. 
The TCTF field indicates the common logical channel type, or if a dedicated logical channel is used;

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

-
MBMS Id Mux;
-
for MTCH channels, the MBMS Id field in the MAC header is used to distinguish between MBMS services;

-
TFC selection:
-
in the downlink, transport format combination selection is done for FACH and PCH and for TDD DSCHs;

-
Demultiplex;

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

-
DL code allocation;

-
for TDD this function is used to indicate the code used on the DSCH;

-
Flow control;

-
a flow control function exists toward MAC-d to limit buffering between MAC-d and MAC-c/sh/m entities. a flow control function also exists towards MAC-hs/ehs in case of configuration with MAC-c/sh/m.

The RLC provides RLC-PDUs to the MAC, which fit into the available transport blocks on the transport channels.
There is one MAC-c/sh/m entity in the UTRAN for each cell;
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Figure 4.2.4.1.1: UTRAN side MAC architecture / MAC-c/sh/m details
< next modified section >
4.2.4.7
MAC-is entity – UTRAN Side

For TDD, and for FDD in CELL_DCH and CELL_FACH, for each UE, there is one MAC-is entity in the SRNC. For FDD, for CCCH transmission in CELL_FACH state and Idle mode, there is one MAC-is entity per common E-DCH resource configured in the controlling RNC. When configured by the upper layers, the MAC-is sublayer handles E-DCH specific functionality, which is not covered in the MAC-i entity in Node B. In the model below, the MAC-is comprises the following entities:

-
Disassembly:

The disassembly function is responsible for disassembly of MAC-is PDUs. When a MAC-is PDU is disassembled the MAC-is header is removed.

-
Reordering Queue Distribution:

For DCCH and DTCH transmission, the reordering queue distribution function routes the MAC-is PDUs to the correct reordering buffer based on the SRNC configuration.

-
Reordering:

This function reorders received MAC-is PDUs according to the received TSN and Node-B tagging i.e. (CFN, subframe number). MAC-is PDUs with consecutive TSNs are delivered to the disassembly function upon reception. Mechanisms for reordering MAC-is PDUs received out-of-order are left up to the implementation. There is one Re-ordering Process per logical channel.

-
Macro diversity selection (FDD only):

The function is performed in the MAC-is, in case of soft handover with multiple Node-Bs (The soft combining for all the cells of a Node-B takes place in the Node-B). This means that the reordering function receives MAC-is PDUs from each Node-B in the E-DCH active set. The exact implementation is not specified. However the model below is based on one Reordering Queue Distribution entity receiving all the MAC-d flow from all the Node-Bs, and one MAC-is entity per UE.
-
Reassembly:

The reassembly function reassembles segmented MAC-d PDUs, and delivers the MAC-d PDUs to the correct MAC-d entity. 
· CRC Error Correction (FDD only):

When the MAC-c PDU is received correctly after reassembly is performed for CCCH, then the CRC field is removed and the resulting data is delivered to the MAC-c.  However, if a MAC-c PDU has been received with an incorrect CRC, the MAC-c PDU is discarded. The size of the CRC field is 8 bits and the CRC is calculated as specified in section 4.2.1.1 in [16].
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Figure 4.2.4.7-1: UTRAN side MAC architecture / MAC-is details for DCCH/DTCH transmission (SHO case, FDD only)
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Figure 4.2.4.7-2: UTRAN side MAC architecture / MAC-is details (TDD)
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Figure 7.3.7-3: UTRAN side MAC architecture / MAC-is details (for CCCH transmission, FDD only)
4.2.4.8
MAC-i entity – UTRAN Side

For TDD, and for FDD in CELL_DCH, there is one MAC-i entity in the Node B for each UE. For FDD, there is one MAC-i entity in the Node B for each common E-DCH resource. And there is one E-DCH scheduler function in the Node-B. When configured by the upper layers, the MAC-i and E-DCH scheduler handle HSUPA specific functions in the Node B. In the model below, the MAC-i and E-DCH scheduler comprises the following entities:

-
E-DCH Scheduling:

This function manages E-DCH cell resources between UEs. Based on scheduling requests, Scheduling Grants are determined and transmitted. The general principles of the E-DCH scheduling are described in subclauses 11.8.2.3 and 11.9.2.3 below. However implementation is not specified (i.e. depends on RRM strategy).

-
E-DCH Control:

The E-DCH control entity is responsible for reception of scheduling requests and transmission of Scheduling Grants. In FDD, for UEs in CELL_FACH state and Idle mode, the E-DCH control entity is additionally responsible for collision resolution and common E-DCH resource release by transmitting Scheduling Grants. The general principles of the E-DCH schedulling are described in subclauses 11.8.2.3 and 11.9.2.3 below.

-
De-multiplexing:

This function provides de-multiplexing of MAC-i PDUs. For DCCH and DTCH transmission, MAC-is PDUs are forwarded to the associated MAC-d flow. For CCCH transmission, MAC-is PDUs are forwarded to the associated MAC-d flow for CCCH transmission. 
· Read UE id (FDD only):

In CELL_DCH state, no UE ID is included in the MAC-PDU header.
In CELL_FACH, if an E-RNTI is allocated to the UE, then the E-RNTI is added in all MAC-i PDUs at the UE side until the UE receives an E-AGCH with its E-RNTI (through an E-RNTI-specific CRC attachment). When the UE’s E-RNTI is present, it identifies DCCH and DTCH data transmission from this UE. 
In CELL_FACH state if no E-RNTI is allocated and in Idle mode, CCCH data can be transmitted only as no E-RNTI has been added in the MAC-i PDU for transmission from the UE.
-
HARQ:

One HARQ entity is capable of supporting multiple instances (HARQ processes) of stop and wait HARQ protocols. Each process is responsible for generating ACKs or NACKs indicating delivery status of E-DCH transmissions. The HARQ entity handles all tasks that are required for the HARQ protocol. 

The associated signalling shown in the figures illustrates the exchange of information between layer 1 and layer 2 provided by primitives.
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Figure 4.2.4.8-1: UTRAN side MAC architecture / MAC-i details (FDD)
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Figure 4.2.4.8-2: UTRAN side MAC architecture / MAC-i details (TDD)
4.3
Channel structure

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

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

4.3.1
Transport channels

Common transport channel types are:

-
Random Access Channel(s) (RACH);

-
Forward Access Channel(s) (FACH);

-
Downlink Shared Channel(s) (DSCH), for TDD operation only;

-
High Speed Downlink Shared Channel(s) (HS-DSCH);

-
Uplink Shared Channel(s) (USCH), for TDD operation only;

-
Broadcast Channel (BCH);

-
Paging Channel (PCH);

-
Enhanced Dedicated Channel (E-DCH) for UL operation only (FDD only).

Dedicated transport channel types are:

· Dedicated Channel (DCH);

-
Enhanced Dedicated Channel (E-DCH) for UL operation only.
< next modified section >
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
	
	
	

	
	CCCH

	E-DCH
	
	
	
	
	
	 X
	
	X
	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
	X

	
	DCCH
	E-DCH
	
	
	
	X
	
	
	X
	X
	X

	Downlink

(Tx)
	BCCH
	BCH
	
	
	
	X
	
	
	
	
	

	
	BCCH
	FACH
	X
	
	
	X
	
	X
	
	
	

	
	BCCH
	HS-DSCH
	X (1)
	
	
	X
	
	X
	
	X
	(2)

	
	PCCH
	PCH
	X
	
	
	X
	
	
	
	
	

	
	PCCH
	HS-DSCH
	X (1)
	
	
	X
	
	X
	
	X
	(2)

	
	CCCH
	FACH
	X
	X
	
	X
	
	X
	
	
	

	
	CCCH
	HS-DSCH
	X (1)
	
	
	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. 

NOTE 2:
The UTRAN should not perform MAC-ehs segmentation for MAC-ehs SDUs from BCCH and PCCH logical channels.
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
	Segmentation

	Uplink

(Tx)
	CCCH
	RACH
	
	
	
	X
	
	
	

	
	CCCH
	E-DCH
	X
	
	
	X
	
	X
	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
	X

	
	DTCH
	E-DCH
	X
	X
	
	
	X
	X
	X

	Downlink

(Rx)
	BCCH
	BCH
	
	
	
	
	
	
	

	
	BCCH
	FACH
	
	
	
	X
	
	
	

	
	BCCH
	HS-DSCH
	
	
	
	X
	
	X
	

	
	PCCH
	PCH
	
	
	
	
	
	
	

	
	PCCH
	HS-DSCH
	
	
	
	X
	
	X
	

	
	CCCH
	FACH
	
	
	
	X
	
	
	

	
	CCCH
	HS-DSCH
	
	
	
	X
	
	X
	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
	
	
	


< next modified section >
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.

Table 8.2.1.1: Primitives between MAC layer and RLC layer

	Generic Name
	Parameter

	
	Request
	Indication
	Response
	Confirm

	MAC-DATA
	Data, BO, UE-ID type indicator, RLC Entity Info
	Data, No_TB,

TD (note), Error indication
	
	

	MAC-STATUS
	
	No_PDU, PDU_Size, TX status
	BO,

RLC Entity Info
	

	NOTE:
TDD only.


MAC-DATA-Req/Ind:

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

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

MAC-STATUS-Ind/Resp:

-
MAC-STATUS-Ind primitive indicates to RLC for each logical channel the rate at which it may transfer data to MAC. Parameters are the number of PDUs that can be transferred in each transmission time interval and the PDU size; it is possible that MAC would use this primitive to indicate that it expects the current buffer occupancy of the addressed logical channel in order to provide for optimised TFC selection on transport channels with long transmission time interval. At the UE, MAC-STATUS-Ind primitive is also used to indicate from MAC to RLC that MAC has requested data transmission by PHY (i.e. PHY-DATA-REQ has been submitted, see Fig. 11.2.2.1), or that transmission of an RLC PDU on RACH or that the common E-DCH resource acquisition on E-DCH enhanced random access has failed due to exceeded preamble ramping cycle counter.
-
MAC-STATUS-Resp primitive enables RLC to acknowledge a MAC-STATUS-Ind. It is possible that RLC would use this primitive to indicate that it has nothing to send or that it is in a suspended state or to indicate the current buffer occupancy to MAC.

8.2.2
Parameters

a)
Data:

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

b)
Number of transmitted transport blocks (No_TB) :

-
indicates the number of transport blocks transmitted by the peer entity within the transmission time interval, based on the TFI value.

c)
Buffer Occupancy (BO):

-
the parameter Buffer Occupancy (BO) indicates for each logical channel the amount of data in number of bytes that is available for transmission and retransmission in RLC layer. When MAC is connected to an AM RLC entity, control PDUs to be transmitted and RLC PDUs outside the RLC Tx window shall also be included in the BO. RLC PDUs that have been transmitted but not negatively acknowledged by the peer entity shall not be included in the BO.

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

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

e)
Number of PDU (No_PDU):

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

f)
PDU Size (PDU_Size):

-
specifies the size of PDU that can be transferred to MAC within a transmission time interval.

g)
UE-ID Type Indicator:

-
indicates the UE-ID type to be included in MAC for a DCCH and DTCH when they are mapped onto a common transport channel (i.e. FACH, RACH in FDD). On the UE side UE-ID Type Indicator shall always be set to C-RNTI.
h)
TX status:

-
when set to value "transmission unsuccessful" this parameter indicates to RLC that transmission of an RLC PDU failed in the previous Transmission Time Interval, when set to value "transmission successful" this parameter indicates to RLC that the requested RLC PDU(s) has been submitted for transmission by the physical layer.
i)
RLC Entity Info
-
indicates to MAC the configuration parameters that are critical to TFC selection depending on its mode and the amount of data that could be transmitted at the next TTI. This primitive is meant to insure that MAC can perform TFC selection (see subclause 11.4).

j)
Error indication

-
When a MAC SDU is delivered to upper layer, an error indication is given for the SDU to upper layer if an error indication for the SDU has been received from lower layer.
k)
(Void)

8.3
Primitives between MAC and RRC

8.3.1
Primitives

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

Table 8.3.1.1: Primitives between MAC sub-layer and RRC
	Generic Name
	Parameter

	
	Request
	Indication
	Response
	Confirm

	CMAC-CONFIG
	UE information elements,

RB information elements,

TrCH information elements,

RACH transmission control elements,

Ciphering elements,

MBMS information elements,

E-DCH configuration elements 
	
	
	

	CMAC-MEASUREMENT
	Measurement information elements 
	Measurement result
	
	

	CMAC-STATUS
	
	Status info,
E-DCH resource index, E-DCH enhanced random access process termination 
	
	


CMAC-CONFIG-Req:

-
CMAC-CONFIG-Req is used to request for setup, release and configuration of a logical channel, e.g. RNTI allocation, 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 measurements;

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

CMAC-STATUS-Ind:

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

8.3.2
Parameters

See [7] for a detailed description of the UE, RB and TrCH information elements.

a)
UE information elements
S-RNTI
SRNC identity
C-RNTI
Activation time 
Primary E-RNTI configured
Secondary E-RNTI configured

b)
RB information elements
RB multiplexing info (Transport channel identity, Logical channel identity, MAC logical channel priority)
DDI mapping table for E-DCH transmission 
Indication whether the Logical channel is considered when the Scheduling Information is generated

c)
TrCH information elements
Transport Format Combination Set
MAC-hs/ehs reset indicator
MAC-es/e/i/is reset indicator
Re-ordering release timer (T1) 
HARQ Profile parameters (power offset, maximum number of re-transmissions and for 1.28 Mcps TDD retransmission timer)
E-DCH TTI duration (FDD only)
Allowed combinations for multiplexing of MAC-d flows into MAC-e PDUs 
E-DCH grant type of MAC-d flows (scheduled or non-scheduled)
List of HARQ processes on which non-scheduled grants are allowed (for FDD only, this is if the grant type is non-scheduled and the E-DCH TTI duration is 2ms)
d)
Measurement information elements
Reporting Quantity identifiers
Time interval to take an average or a variance (applicable when Average or Variance is Reporting Quantity)
e)
Measurement result
Reporting Quantity
f)
Status info
when set to value "transmission unsuccessful" this parameter indicates to RRC that transmission of a TM RLC PDU failed (due to e.g. Maximum number of preamble ramping cycles reached for RACH in FDD), when set to value "transmission successful" this parameter indicates to RRC that the requested TM RLC PDU(s) has been submitted for transmission by the physical layer.

g)
RACH transmission control elements 
Set of ASC parameters (identifier for PRACH partitions, persistence values)
Maximum number of preamble ramping cycles (FDD) or synchronisation attempts (1.28 Mcps TDD) Mmax
Minimum and maximum number of time units between two preamble ramping cycles, NBO1min and NBO1max (FDD only)
ASC for RRC CONNECTION REQUEST message
Type of random access procedure (1.28 Mcps only)
E-DCH enhanced random access support indicator (FDD only)
h)
Ciphering elements
Ciphering mode
Ciphering key
Ciphering sequence number

i)
(Void)

j)
MBMS information elements
MBMS Id 

k)
E-DCH configuration elements 
E-DPCCH to DPCCH power offset (FDD only)
Happy bit delay condition (FDD only)
E-TFCI table index 
minimum set E-TFCI (FDD only)
Reference E-TFCI (FDD only)
Periodicities for Scheduling Information with and without grant (FDD only)
The code, timeslots and maximum power available per TDD resource unit per slot in TTIs designated for non-scheduled use by a given UE (TDD only)
The frames designated for non-scheduled use by a given UE (specified by means of a start frame number, repetition period and repetition length) (3.84/7.68 Mcps TDD only)

The subframes designated for non-scheduled use by a given UE (specified by means of a start subframe number, repetition period and repetition length) (1.28 Mcps TDD only)
Scheduling Information power offset
List of HARQ processes on which scheduled grants are allowed (for FDD only, this is if the E-DCH TTI duration is 2ms)
Initial Serving Grant value and type (FDD only)
E-DCH maximum and minimum allowed coderates (3.84/7.68 Mcps TDD only)

A table of paired values, each pair consists of ENI value and E-DCH maximum allowed and minimum allowed coderates (1.28 Mcps TDD only)

A table of paired values, each pair consists of code rate and β normative value (TDD only).
Parameters controlling E-RUCCH operation, such as T-RUCCH,  T-SCHED, and a set of  persistence values (one for each ASC) associated with E-RUCCH (3.84/7.68 Mcps TDD only)
E-DCH transmission backoff time (FDD only in CELL_FACH state or Idle mode) 
E-DCH transmission continuation backoff time (FDD only in CELL_FACH state or Idle mode) (ffs)
Maximum period for collision resolution phase (ffs)
Maximum common E-DCH resource occupancy time for DTCH/DCCH transmission (ffs)
Maximum common E-DCH resource occupancy time for CCCH transmission (ffs)
l)
DTX-DRX and HS-SCCH less Information Elements (FDD only) 
MAC DTX Cycle
MAC Inactivity Threshold 
UE DTX DRX Offset
HS-SCCH less mode of operation 
Inactivity Threshold for UE Grant Monitoring
Inactivity Threshold for UE DTX cycle 2
Default SG in DTX Cycle 2
m)
E-DCH resource index (FDD only).

n)
E-DCH enhanced random access process termination
< next modified section >
9.1.5
MAC PDU (E-DCH)

There are two different MAC PDU formats for E-DCH. Depending on configuration by upper layers the format is either MAC-e/es or MAC-i/is. The MAC PDU format is determined by upper layer signalling [7].
When MAC-e/es is configured, there are two MAC sublayers, MAC-e and MAC-es. MAC-es sits on top of MAC-e and receives PDUs directly from MAC-d. MAC-es SDUs (i.e. MAC-d PDUs) of the same size, coming from a particular logical channel are multiplexed together into a single MAC-es payload. There is one and only one MAC-es PDU per logical channel per TTI (since only one MAC-d PDU size is allowed per logical channel per TTI). To this payload is prepended the MAC-es header (see subclause 9.2.4.1). The number of PDUs, as well as the one DDI value identifying the logical channel, the MAC-d flow and the MAC-es SDU size are included as part of the MAC-e header. In case sufficient space is left in the E-DCH transport block or if Scheduling Information needs to be transmitted, an SI will be included at the end of the MAC-e PDU (see subclause 9.2.4.2). Multiple MAC-es PDUs from multiple logical channels, but only one MAC-e PDU can be transmitted in a TTI.

In the example MAC-e PDU shown in figure 9.1.5.2a, the field DDI0 is referring to the specific DDI value that indicates that there is an SI included in the MAC-e PDU (see subclause 9.2.4.2). This header will not be associated with a new MAC-es payload. Figure 9.1.5.2b shows the MAC-e PDU format when SI is sent alone. In this case DDI0 is not included in the MAC-e PDU and E-TFCI value 0 is used.
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Figure 9.1.5.1 MAC-es PDU
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Figure 9.1.5.2a: MAC-e PDU
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Figure 9.1.5.2b: MAC-e PDU (SI is sent alone)
When MAC-i/is is configured, there are two MAC sublayers, MAC-i and MAC-is. MAC-is sits on top of MAC-i and receives PDUs directly from MAC-d and MAC-c (FDD only). When MAC-i/is is configured, a MAC PDU for E-DCH consists of one MAC-i header and one or more MAC-is PDUs. Each MAC-is PDU consists of one or more MAC-is SDUs belonging to the same logical channel. Each MAC-is SDU equals a complete or a segment of a MAC-d PDU or a MAC-c PDU (FDD only). The MAC-is SDUs can have different sizes. The LCH-ID and L fields are repeated per MAC-is SDU. The TSN and SS fields are repeated per MAC-is PDU. Multiple MAC-is PDUs from multiple logical channels, but only one MAC-i PDU can be transmitted in a TTI. In case sufficient space is left in the E-DCH transport block or if Scheduling Information needs to be transmitted, an SI will be included at the end of the MAC-i PDU (see subclause 9.2.4.2). For FDD and in CELL_FACH state only, the UE’s E-RNTI can be included in the MAC-i header. Its inclusion is signalled with a reserved LCH-ID value.
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Figure 9.1.5.3 MAC-is PDU. 
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Figure 9.1.5.4a: MAC-i PDU.
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Figure 9.1.5.4c: MAC-i header part for E-RNTI transmission (FDD only, ffs)
< next modified section >
9.2.1.4
MAC header for CCCH

CCCH mapped to RACH/FACH:

-
TCTF field is included in MAC header. . 

In FDD, CCCH mapped to HS-DSCH and to E-DCH:
-
no MAC-c header is included.
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Figure 9.2.1.4.1: MAC PDU formats for CCCH

< next modified section >
9.2.4.4
MAC-i header parameters

-
Length (L):
The L field provides the length of the MAC-is SDU in octets. The size can vary for each SDU in the MAC-is PDU, and is set for each SDU individually. The length of the Length field is 11 bits.

-
Logical channel identifier (LCH-ID):
The LCH-ID field provides identification of the logical channel at the receiver and the re-ordering buffer destination of a MAC-is SDU. In FDD, one LCH-ID value is reserved to indicate that the UE’s E-RNTI is included in the MAC-i header. The length of the LCH-ID is 4 bits.
Table 9.2.4.4-1: Structure of the LCH-ID field (FDD only)
	LCH-ID Field
	Segmentation indication

	0000
	Identification of CCCH (SRB0) 

	0001 - 1110
	Identification of logical channel.

	1111
	Identification of E-RNTI being included.


-
Flag (F):
The F field is a flag indicating if more fields are present in the MAC-i header or not. If the F field is set to "0" the F field is followed by an additional set of LCH-ID, L and F fields. If the F field is set to "1" the F field is followed by a MAC-is PDU. Each header extension corresponds to one MAC-is SDU.
-
E-RNTI (FDD only)
The E-RNTI field provides the UE’s E-RNTI value.

-
Spare (S) (FDD only): (ffs)
The S field is need to achive octed alignment in case the UE’s E-RNTI is included in the MAC-i header. 

Table 9.2.4.4-1: Structure of the S field (FDD only)
	S Field
	Segmentation indication

	0000
	Bit sequence following the LCH-ID field identifying inclusion of E-RNTI in the MAC-i header 

	0001 – 1111
	Reserved


< next modified section >
9.2.5.2.2
Absolute Grant

The absolute grant message is sent on downlink, on the configured E-AGCH, from the serving E-DCH cell and allows the Node B scheduler to directly adjust the granted rate of UEs under its control. In FDD, the channel is used for collision resolution and release of common E-DCH resources.
The E-AGCH is a shared channel that uses an E-RNTI specific CRC in order to address messages to specific users (see [16]). The RRC may configure the MAC-e or MAC-i with two different E-RNTIs, one primary and one secondary. Based on the identity that is used, the following information will be conveyed implicitly when an absolute grant message is received:

-
Identity Type:
This variable will take the value "Primary" or "Secondary" respectively based on whether the message was addressed to the primary or the secondary E-RNTI.
The absolute grant message itself includes multiple fields that are multiplexed together into 6 bits inside the MAC-e or MAC-i of the Node B and then submitted to the physical layer for transmission on the E-AGCH. These fields are:

-
Absolute Grant Value:
This field indicates the maximum E-DCH traffic to pilot ratio (E-DPDCH/DPCCH) that the UE is allowed to use in the next transmission. The length of the Absolute Grant Value field is 5 bits.

-
Absolute Grant Scope: 
This field indicates the applicability of the Absolute Grant. It can take two different values, "Per HARQ process" or "All HARQ processes", allowing to indicate whether the HARQ process activation/de-activation will affect one or all processes. The Absolute Grant Scope is encoded in 1 bit. When the E-DCH is configured with 10ms TTI, only the value "All HARQ processes" is valid (see subclause 10). In case Identity Type is "Secondary", only the value "All HARQ processes" is valid in this version of the protocol. 
-
Common E-DCH resource release (FDD only in CELL_FACH):
An AG with value set to 'INACTIVE'  is used by the Node B to release common E-DCH resources.
< next modified section >
11.2
Control of RACH and EDCH enhanced random access transmissions

The MAC sublayer is in charge of controlling the timing of RACH transmissions on transmission time interval 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). 
In FDD, the MAC sublayer is in charge of controlling the timing of EDCH enhanced random access transmissions on transmission time interval level (the timing on access slot level is controlled by L1). Note that after common EDCH resource allocation the transmission, retransmission and collision resolution is under control of MAC. Retransmissions in case of erroneously received MAC-is PDUs are under control of higher layers, i.e. RLC, or RRC for CCCH.
11.2.1
Access Service Class selection

The physical RACH resources (i.e. access slots and preamble signatures for FDD, timeslot and channelisation code for 3.84 Mcps TDD and 7.68 Mcps TDD, SYNC1 code for 1.28 Mcps TDD) may be divided between different Access Service Classes in order to provide different priorities of RACH usage. In FDD, the physical resources for E-DCH enhanced random access (i.e. access slots and preamble signatures) may be divided between different Access Service Classes in order to provide different priorities of E-DCH enhanced random access usage. It is possible for more than one ASC or for all ASCs to be assigned to the same access slot/signature space or SYNC1 code.

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

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

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

-
in case all TBs in the TB set have the same MLP, select ASC = min(NumASC, MLP);

-
in case TBs in a TB set have different priority, determine the highest priority level MinMLP and select ASC = min(NumASC, MinMLP).
When an RRC CONNECTION REQUEST message is sent RRC determines ASC by means of the access class [7]. The ASC to be used in these circumstances is signalled to MAC by means of the CMAC-CONFIG-REQ message.

If MAC has knowledge of a U-RNTI then the ASC is determined in the MAC entity. If no U-RNTI has been indicated to MAC then MAC will use the ASC indicated in the CMAC-CONFIG-REQ primitive.
11.2.2
Control of RACH transmissions for FDD mode

The RACH transmissions are controlled by the UE MAC sublayer as outlined in figure 11.2.2.1.

NOTE:
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.

NOTE:
In Cell-FACH state, the UE should co-ordinate the UL transmission schedule with the measurement schedule in FACH measurement occasions so as to minimise any delays associated with inter-frequency measurements.

MAC receives the following RACH transmission control parameters from RRC with the CMAC-CONFIG-Req primitive:

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

-
maximum number of preamble ramping cycles Mmax;

-
range of backoff interval for timer TBO1, given in terms of numbers of transmission 10 ms time intervals NBO1max and NBO1min, applicable when negative acknowledgement on AICH is received.

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

Based on the persistence value Pi, the UE decides whether to start the L1 PRACH transmission procedure (see [13]) in the present transmission time interval or not. If transmission is allowed, the PRACH transmission procedure (starting with a preamble power ramping cycle) is initiated by sending of a PHY-ACCESS-REQ primitive. MAC then waits for access information from L1 via PHY-ACCESS-CNF primitive. If transmission is not allowed, a new persistency check is performed in the next transmission time interval. The persistency check is repeated until transmission is permitted.

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

When PHY indicates that no acknowledgement on AICH is received while the maximum number of preamble retransmissions is reached (defined by parameter Preamble_Retrans_Max on L1), a new persistency test is performed in the next transmission time interval. The timer T2 ensures that two successive persistency tests are separated by at least one 10 ms time interval.

In case that a negative acknowledgement has been received on AICH a backoff timer TBO1 is started. After expiry of the timer, persistence check is performed again. Backoff timer TBO1 is set to an integer number NBO1 of 10 ms time intervals, randomly drawn within an interval 0 ( NBO1min ( NBO1 ( NBO1max (with uniform distribution). NBO1min and NBO1max may be set equal when a fixed delay is desired, and even to zero when no delay other than the one due to persistency is desired.

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

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

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

11.2.2A
Control of E-DCH enhanced random access transmissions for FDD mode
The E-DCH enhanced random access transmissions are controlled by the UE MAC sublayer as outlined in figures 11.2.2.1A, 11.2.2.1B and 11.2.2.1C.

NOTE:
The figures 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, if E-AICH is not configured, and in case that none is received on AICH or negative acknowledgement is received on E-AICH. MAC receives the following random access transmission control parameters from RRC with the CMAC-CONFIG-Req primitive:

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

-
maximum number of preamble ramping cycles Mmax;

-
range of backoff interval for timer TBO1, given in terms of numbers of transmission 10 ms time intervals NBO1max and NBO1min, applicable when negative acknowledgement is received on E-AICH, or on AICH, when the E-AICH is not configured. 

When there is data to be transmitted, MAC selects the ASC from the available set of ASCs, which consists of an identifier i of a certain PRACH partition for E-DCH enhanced random access and an associated persistence value Pi. The procedure to be applied for ASC selection is described in subclause 11.2.1.

Based on the persistence value Pi, the UE decides whether to start the L1 physical random access procedure for E-DCH (see [13]) in the present transmission time interval. If transmission is allowed, the physical random access procedure for E-DCH (starting with a preamble power ramping cycle) is initiated by sending of a PHY-ACCESS-REQ primitive. MAC then waits for access information from L1 via PHY-ACCESS-CNF primitive. If transmission is not allowed, a new persistency check is performed in the next transmission time interval. The persistency check is repeated until transmission is permitted.
When PHY indicates that no acknowledgement on AICH or on a configured E-AICH only signature and modulation symbol corresponding to a negative acknowledgement is received while the maximum number of preamble retransmissions is reached (defined by parameter Preamble_Retrans_Max on L1), a new persistency test is performed in the next transmission time interval. The timer T2 ensures that two successive persistency tests are separated by at least one 10 ms time interval.

In case that a negative acknowledgement has been received on AICH if no Extended AICH set is configured, or in case a negative acknowledgement has been detected on the Extended AICH, a backoff timer TBO1 is started. After expiry of the timer, persistence check is performed again. Backoff timer TBO1 is set to an integer number NBO1 of 10 ms time intervals, randomly drawn within an interval 0 ( NBO1min ( NBO1 ( NBO1max (with uniform distribution). NBO1min and NBO1max may be set equal when a fixed delay is desired, and even to zero when no delay other than the one due to persistency is desired.

Before a persistency test is performed it shall be checked whether any new E-DCH enhanced random access transmission control parameters have been received from RRC with CMAC-CONFIG-Req primitive. The latest set of random access transmission control parameters shall be applied.

If the maximum number of preamble ramping cycles Mmax is exceeded, failure of E-DCH enhanced random access transmission shall be reported to higher layer.

When the preamble has been acknowledged on AICH or E-AICH, then L1 access information with parameter "E-DCH resource index" corresponding to the selected signature as defined in [24] is indicated to MAC with PHY-ACCESS-CNF primitive. MAC provides the "E-DCH resource index" with the the CMAC-STATUS primitive to the RRC and receives following control parameters from RRC with the CMAC-CONFIG-Req primitive: 
-
E-DCH and UL DPCCH configuration elements;
-
E-DCH transmission backoff; 
-
the maximum period for collision resolution, where a common E-DCH resource can be used before collision resolution. 
-
the maximum common E-DCH resource occupancy time for DTCH/DCCH transmission (ffs);

-
the maximum common E-DCH resource occupancy time for CCCH transmission (ffs) (Timer Tmax in figures 11.2.2.2B);

-
implicit resource release setting or the E-DCH transmission continuation backoff time (ffs)
Then DPCCH/E-DPCCH/E-DPDCH transmission is started with sending the PHY-DATA-REQ primitive every Transmission Time Interval. The PHY-Data-REQ primitive is used to request SDUs used for communications passed to the physical layer, however for the first "E-DCH transmission back off" Transmission Time Intervals, no SDU is passed to the physical layer, i.e. only DPCCH transmission takes place. 
The E-DCH enhanced physical random access transmission procedure is completed with release of the allocated common E-DCH resource: 
· Any L1 synchronisation failure reported by the PHY-Access-IND triggers a CMAC-STATUS which informs the RRC about the end of the E-DCH enhanced random access.
· In case of CCCH transmission, if the maximum common E-DCH resource occupancy time for CCCH transmission has been reached (Timer Tmax in figure 11.2.2.2B), then this triggers a CMAC-STATUS which informs the RRC about end of the E-DCH enhanced random access. (ffs)

· In case of CCCH transmission, if the transmission E-DCH Buffer status is 0 bytes and no MAC-i PDUs  are left for (re-)transmission in MAC, then this triggers a CMAC-STATUS which informs the RRC about the end of the E-DCH enhanced random access. 
· In case of DTCH/DCCH transmission, if no E-AGCH with UE’s E-RNTI has been received (through an E-RNTI-specific CRC attachment) within the maximum period for collision resolution (Timer Tc in figure 11.2.2.2C) then this triggers a CMAC-STATUS which informs the RRC about the end of the E-DCH enhanced random access.
· In case of DTCH/DCCH transmission, if the maximum common E-DCH resource occupancy time for DTCH/DCCH transmission (Timer Tmax in figure 11.2.2.2C) has been reached, then this triggers a CMAC-STATUS which informs the RRC about end of the E-DCH enhanced random access. (ffs). 
· Explicit common E-DCH resource release:
In case of DTCH/DCCH transmission, if an E-AGCH with UE’s E-RNTI has been received (through an E-RNTI-specific CRC attachment) with absolute grant value set to 'INACTIVE', then then this triggers a CMAC-STATUS which informs the RRC about end of the E-DCH enhanced random access.
· (implicit release with no E-DCH transmission continuation backoff time, ffs)
In case of DTCH/DCCH transmission and if implicit resource release is set, then if transmission E-DCH buffer status (TEBS) of zero bit is detected, then the MAC-STATUS-ind primitive is used to indicate to the RLC for each logical channel that no PDUs shall be transferred to the MAC. The TEBS is reported as SI to the Node B. 
The UE continues to use the common E-DCH resource as long as MAC-i PDU left for (re-)transmission in MAC. If no MAC-i PDU left for (re-)transmission in MAC, then then this triggers a CMAC-STATUS which informs the RRC about the end of the E-DCH enhanced random access. 
· (implicit release a la NNSN with E-DCH transmission continuation backoff time, ffs)
In case of DTCH/DCCH transmission and if implicit resource release is set, then if transmission E-DCH buffer status (TEBS) of zero bit is detected, then the MAC-STATUS-ind primitive is used to indicate to the RLC for each logical channel that no PDUs shall be transferred to the MAC. The TEBS is reported as SI to the Node B. 
The UE continues to use the common E-DCH resource as long as MAC-i PDU left for (re-)transmission in MAC. If no MAC-i PDU left for (re-)transmission in MAC, then then the UE continues to DPCCH for E-DCH transmission continuation backoff time.
If during the E-DCH transmission continuation backoff time TEBS remains zero byte, then at the expiry of the E-DCH transmission continuation backoff period this triggers a CMAC-STATUS which informs the RRC about the end of the E-DCH enhanced random access.
If during the E-DCH transmission continuation backoff time a TEBS greater zero bits is detected, then the MAC-STATUS-ind primitive is used to indicate to the RLC for each logical channel the data rate to the MAC and starts MAC-i PDU transmission. If at the expiry of the E-DCH transmission continuation backoff period no MAC-i PDU sent during this period has been acknowledged on the E-HICH, then this triggers a CMAC-STATUS which informs the RRC about end of the E-DCH enhanced random access.
If at the expiry of the E-DCH transmission continuation backoff period at least one MAC-i PDU sent during has been acknowledged on the E-HICH, then the E-DCH enhanced random access procedures resumes.  

this triggers a CMAC-STATUS which informs the RRC about the end of the E-DCH enhanced random access caused by “transmission completed”.
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Figure 11.2.2.2A: E-RACH transmission control procedure (UE side, informative), Part I
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Figure 11.2.2.2B: E-RACH transmission control procedure (UE side, informative), Part II for CCCH transmission
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Figure 11.2.2.2C: E-RACH transmission control procedure (UE side, informative), Part II for DTCH/DCCH transmission (ffs)
< next modified section >
11.8.1.2a
Segmentation entity

There is one segmentation entity per logical channel in the UE. 

When the MAC-d PDU size, the untransmitted part of the MAC-d PDU, the MAC-c PDU size (FDD only) or the untransmitted part of the MAC-c PDU (FDD only) exceeds available space in the transport block according to the E-TFCI selection, the segmentation entity shall:

-
segment the MAC-d PDU, the untransmitted part of the MAC-d PDU, the MAC-c PDU size or the untransmitted part of the MAC-c PDU to fit the available space in the transport block according to the E-TFCI selection and store the untransmitted part of the MAC-d or MAC-c PDU;

-
set the segmentation status (SS) field of the transmission to indicate the segmentation status as described in subclause 9.2.4.3.
11.8.1.3
Serving Grant Update

UEs in CELL_DCH state, CELL_FACH state (FDD only) and Idle mode (FDD only), configured with an E-DCH transport channel shall maintain a Serving Grant and the list of active HARQ processes based on the absolute and relative grant commands decoded on the configured E-AGCH and E-RGCH(s).

Each Absolute Grant or Relative Grant command is applied at a specific TTI. This association is implicit based on the timing of the E-AGCH and E-RGCH (see [13]). The timing is tight enough that this relationship is un-ambiguous.
The activation/deactivation of one or all processes is only applicable to processes for which transmission of scheduled data is allowed according to RRC signalling

Process activation of an active process does not result in any action taken by the UE.

11.8.1.3.1
Baseline Procedure

The Serving Grant Update procedure shall be applied at every TTI boundary and shall take into account the Absolute Grant message, Serving Relative Grant and non-serving Relative Grants that apply to the TTI. 

The UE shall:
1>
set reference_ETPR2 to reference_ETPR as defined in subclause 3.1.2;
1>
set reference_ETPR to the E-DPDCH to DPCCH power ratio as defined in subclause 3.1.2;

1>
if an Absolute Grant was received for this TTI: 
2>
if the UE is in CELL_FACH or Idle state (FDD only):


3>
if the Absolute Grant value is set to "INACTIVE":

4>
end the E-DCH enhanced random access control procedure.
2>
if the Identity type is "Primary", and the Absolute Grant value is set to "INACTIVE":

3>
if Absolute Grant Scope indicates "Per HARQ process" and a 2ms TTI is configured:

4>
de-activate the process given by the value of CURRENT_HARQ_PROCESS.

3>
if Absolute Grant Scope indicates "All HARQ processes" and a secondary E-RNTI was configured by higher layers:

4>
activate all HARQ processes;

4>
set Serving_Grant = Stored_Secondary_Grant;

4>
set Primary_Grant_Available to "False".

3>
if Absolute Grant Scope indicates "All HARQ processes", a 2ms TTI is configured and a secondary E-RNTI was not configured by higher layers:
4>
deactivate all HARQ processes (if a process was inactive it remains inactive, if a process was active it becomes inactive).

2>

else if the Absolute Grant Value is different from "INACTIVE":

3>
if the Identity Type is "Secondary":

4>
set Stored_Secondary_Grant = Absolute Grant Value.

3>
if the Identity Type is "Primary" or Primary_Grant_Available is set to "False":

4>
set Serving_Grant = Absolute Grant Value.

4>
if the Identity Type is "Primary":

5>
set Primary_Grant_Available to "True";

5>
if Absolute Grant Scope indicates "Per HARQ process":

6>
activate the process given by the value of CURRENT_HARQ_PROCESS.

5>

if Absolute Grant Scope indicates "All HARQ processes":

6>
activate all HARQ processes.
5>

if AG_Timer is not active, it shall be started, otherwise it shall be restarted.

1>
else (no Absolute Grant received):
2>
if the HARQ process given by the value of CURRENT_HARQ_PROCESS is active; and 

2>
if Primary_Grant_Available is equal to "True"; and

2>
if Serving_Grant <> "Zero_Grant" ; and

2>
if AG_Timer has expired; and

2>
if there was a scheduled transmission (see NOTE) in the previous TTI of the HARQ process given by the value of CURRENT_HARQ_PROCESS:

3>
if the Serving Relative Grant indicates "UP":
4>
determine the Serving_Grant in accordance with subclause 9.2.5.2.1.
3>

else, if the Serving Relative Grant indicates "DOWN":

4>
determine the Serving_Grant in accordance with subclause 9.2.5.2.1.

3>
else:

4>
the Serving_Grant is unchanged (i.e. kept from previous TTI).

1>
if any Non-Serving Relative Grants indicate "DOWN" for this TTI and Serving_Grant <> "Zero_Grant":

2>
Serving_Grant = MIN(Serving_Grant, Maximum_Serving_Grant, Serving_Grant determined in accordance with subclause 9.2.5.2.1);
2>
Maximum_Serving_Grant = Serving_Grant.
2>
if Non_Serving_RG_Timer is not active it shall be started, otherwise it shall be restarted;
1>
else if no Non-Serving Relative Grants indicate "DOWN" for this TTI:

2>
if Non_Serving_RG_Timer has not expired:

3>
Serving_Grant = MIN(Maximum_Serving_Grant, Serving_Grant).

1>
if Non_Serving_RG_Timer expires:

2>
set the Maximum_Serving_Grant to the highest possible value (i.e. index 37 in table 9.2.5.2.1.1 or 9.2.5.2.1.2 as configured by higher layers).

NOTE 1:
MIN("Zero_Grant", any numerical value) = "Zero_Grant".

NOTE 2:
Scheduling Information sent alone is not considered as a scheduled transmission.
< next modified section >
11.8.1.6
Scheduling Information reporting

Scheduling information reports will be triggered differently depending on the value of the variable Serving_Grant after the Serving Grant Update function. The triggering of a report shall be indicated to the E-TFC selection function at the first new transmission opportunity (this process may be delayed in case the HARQ processes are occupied with re-transmissions).
Even if multiple events are triggered by the time a new transmission can take place, only a single scheduling information header will be included in the payload.
In CELL_DCH state, the Scheduling Information shall not be transmitted if the TEBS is zero, even if it was triggered by one of the configured triggering mechanisms. For FDD, in CELL_FACH state and Idle mode, the transmission of  Scheduling Information shall be triggered once, if the TEBS becomes zero. If the Scheduling Information needs to be included in the MAC-e or MAC-i PDU according to subclause 9.2.4.2, it shall be transmitted regardless of TEBS status.

The transmission of Scheduling Information can take place on every HARQ process, even on those processes for which transmission is restricted according to RRC or deactivated by absolute grants, i.e. processes on which scheduled and/or non-scheduled transmission can not take place.

The description of the behaviour in the two cases is provided below.
< next modified section >
11.8.1.9

Release of common E-DCH resources (FDD only)
If the UE is sending CCCH data in CELL_FACH state or Idle mode, the UE shall release the common E-DCH resource under following conditions:

· no MAC-i PDU is pending for transmission; or 

· the maximum common E-DCH resource occupancy time for CCCH transmission is reached, or;

· a L1 synchronisation failure is reported with the PHY-ACESSS-IND primitive.

If the UE is sending DTCH or DCCH data, the UE shall release the common E-DCH resource under following conditions:

· a L1 synchronisation failure is reported with the PHY-ACESSS-IND primitive; or

· the maximum period for collision resolution is reached and no E-AGCH with the UE’s E-RNTI (through an E-RNTI specific CRC attachment) has been reached; or
· the maximum common E-DCH resource occupancy time for DTCH/DCCH transmission is reached, or;

· an E-AGCH is received with a common E-DCH resource release command (INACTIVE) or;
· if implicit E-DCH resource release is enabled and there is no MAC-i PDU is pending for transmission. (ffs)
< next modified section >
11.8.2.5
Determination of UE-ID (FDD only) and collision resolution
For UE’s in CELL_FACH state or Idle mode, the Node B determines whether the UE id (E-RNTI) is included. 

If the Node B receives a MAC-i PDU with an E-RNTI included in the MAC-i header, then the Node B is aware of the user using a common E-DCH resource. By sending a received E-RNTI on the E-AGCH, the Node B grants the common E-DCH resource explicitly to the UE with this UE id, resolving any potential collision. A UE adds its E-RNTI in all MAC-i PDUs at its side until the UE receives an E-AGCH with its E-RNTI (through an E-RNTI-specific CRC attachment). When the UE’s E-RNTI is present, it identifies DCCH and DTCH data transmission from this UE. 

If no E-RNTI is included in any MAC-i header, then only CCCH data can be transmitted. No collision resolution is performed.
11.8.3
RNC operation

11.8.3.1
Re-ordering entity for DTCH/DCCH transmission
The re-ordering entity is part of the MAC-es or MAC-is sublayer in the SRNC. There is one re-ordering entity per UE. Each re-ordering entity will support one re-ordering process per logical channel. If MAC-es is configured by upper layers, the DDI value is used to determine the logical channel for which each MAC-es PDU is meant. If MAC-is is configured by upper layers, the LCH-ID value is used to determine the logical channel for which each MAC-is SDU is meant. Based on this information, the MAC-es or MAC-is PDUs are routed to the proper re-ordering process. The re-ordering process may use the explicit TSN indication as well as the timing information provided by the Node B in order to eliminate duplicates and deliver the packets in order to RLC. The details of the re-ordering mechanism are left up to the implementation. 
11.8.3.2
Re-ordering and CRC entity for CCCH transmission
The re-ordering entity is part of MAC-is sublayer in the CRNC. There is one re-ordering entity per common E-DCH resource. Each re-ordering entity will support one re-ordering process. If MAC-is is configured by upper layers, the LCH-ID value is used to determine the logical channel for which each MAC-is SDU is meant. Based on this information, the received TSN and Node-B tagging i.e. (CFN, subframe number, common E-DCH resource index), the MAC-is PDUs are routed to the proper re-ordering process. The re-ordering process may use the explicit TSN indication as well as the timing information provided by the Node B in order to eliminate duplicates.  When the MAC-c PDU is received correctly then after reassembly the CRC field is removed and the resulting data is delivered to the MAC-c. However, if a MAC-c PDU has been received with an incorrect CRC, the MAC-c PDU is discarded. The details of the re-ordering mechanism are left up to the implementation.
Note: a CRC sequence is added to a MAC-c PDU only, if the MAC-c PDU is not sent completely in one MAC-i PDU.
< next modified section >
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