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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 and 1.28Mcps TDD).
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 and 1.28Mcps TDD only for UEs in CELL_FACH state and Idle mode).
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

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 and 1.28 Mcps TDD, the multiplexing and TSN setting entity is responsible for multiplexing MAC-c PDUs or segments of MAC-c PDUs into a single MAC-is PDU, and for multiplexing 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 and MAC-c PDUs (FDD and 1.28 Mcps TDD only).

-
CRC Attachment (FDD and 1.28 Mcps TDD 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] or [19].

-
Add UE ID (FDD only):
In CELL_DCH state, no E-RNTI is included in the MAC-PDU header.
In CELL_FACH, the E-RNTI is added in all MAC-i PDUs for DCCH and DTCH transmission at the UE side until the UE receives an E-AGCH with its E-RNTI (through an E-RNTI-specific CRC attachment).
In CELL_FACH state 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 and 1.28 Mcps TDD only):
At the start of the Enhanced Uplink in CELL_FACH state and Idle mode, 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-i 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.
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Figure 4.2.3.6-1: UE side MAC architecture / MAC-i/is details (FDD)

[image: image5.emf] 

Scheduling   

Access Control      

MAC - is/i  

M  AC   –   Control     

  

To MAC  -  d     

HARQ     

Multiplexing and  TSN setting      

E - TFC Selection  

Associated Scheduling   

Downlink Signalling      

(  E  -  AGCH   )     

Associated AC K/NACK      

signaling      

(  E  -  HICH  )     

Associated Uplink   

Signalling      

E  -  RUCCH      

Associated   

Uplink Signalling      

E  -  UCCH     

Segm entation  

Segm entation  


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 and 1.28 Mcps TDD, 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. 
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.
For 1.28 Mcps TDD, for CCCH transmission, for each UE that uses E-DCH, one MAC-i entity per common E-RNTI in  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
4.2.4.6
MAC-ehs entity UTRAN Side

There is one MAC-ehs entity in the UTRAN for each cell that supports HS-DSCH transmission. The MAC-ehs is responsible for handling the data transmitted on the HS-DSCH when configured. MAC-ehs receives configuration parameters from the RRC layer via the MAC-Control SAP. There should be priority handling per MAC-ehs SDU in the MAC-ehs. The MAC-ehs is comprised of six different functional entities:

-
Flow Control:
The flow control for MAC-ehs is identical to the flow control for MAC-hs.

-
Scheduling/Priority Handling:
This function manages HS-DSCH resources between HARQ entities and data flows according to their priority class. In FDD, the scheduler determines for each TTI if single or dual stream transmission should be used. Based on status reports from associated uplink signalling either new transmission or retransmission is determined when operating in CELL_DCH state. In FDD, when operating in CELL_FACH, CELL_PCH and URA_PCH state HS-DSCH reception, the MAC-ehs can perform retransmission without uplink signalling. In 1.28 Mcps TDD, when operating in CELL_FACH, CELL_PCH and URA_PCH state and HS-DSCH reception without dedicated H-RNTI, the MAC-ehs can perform retransmission without uplink signalling. Further it sets the logical channel identifiers for each new reordering SDU and TSNs for each new reordering PDU being serviced. To maintain proper transmission priority a new transmission can be initiated on a HARQ process at any time. The TSN is unique to each priority class within a HS-DSCH. It is not permitted to schedule new transmissions, including retransmissions originating in the RLC layer, along with retransmissions originating from the HARQ layer within the same TTI and HARQ process.

-
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 TTI for single stream transmission and two HARQ processes per TTI for dual stream transmission.

-
TFRI selection:
The TFRI selection for MAC-ehs is identical to the TFRI selection of the MAC-hs.

· Priority Queue MUX:
This function determinates the number of octets to be included in a MAC-ehs PDU from each priority queue based on the scheduling decision and available TFRI for this function.

-
Segmentation:
This function performs necessary segmentation of MAC-ehs SDUs. 

The following is allowed:
The MAC-ehs SDUs included in a MAC-ehs PDU can have a different size and a different priority and can be mapped to different logical channels.

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 4.2.4.6-1: UTRAN side MAC architecture / MAC-ehs details
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. For 1.28 Mcps TDD, for CCCH transmission in CELL_FACH state and Idle mode, there is one MAC-is entity per UE 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:

For DTCH/DCCH transmission, the reassembly function reassembles segmented MAC-d PDUs, and delivers the MAC-d PDUs to the correct MAC-d entity. For CCCH transmission, the reassembly function reassembles segmented MAC-c PDUs, and delivers it to the CRC Error Correction function.
· CRC Error Correction (FDD and 1.28 Mcps TDD 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] or [19].
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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 4.2.4.7-3: UTRAN side MAC architecture / MAC-is details (for CCCH transmission, FDD and 1.28 Mcps TDD 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. For 1.28 Mcps TDD in CELL-FACH state, there is one MAC-i entity in the Node B for each UE with dedicated E-RNTI, and one MAC-i entity in the Node B for each common E-RNTI. 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 DTCH/DCCH transmission, MAC-is PDUs are forwarded to the associated MAC-d flow. For CCCH transmission (FDD and 1.28 Mcps TDD only), MAC-is PDUs are forwarded to the associated UL Common MAC flow.
· Read UE id (FDD only):

In CELL_DCH state, no UE ID is included in the MAC-PDU header.
In CELL_FACH, the E-RNTI is added in all MAC-i PDUs for DTCH and DCCH transmission at the UE side until the UE receives an E-AGCH with its E-RNTI (through an E-RNTI-specific CRC attachment).
In CELL_FACH state 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)
4.3.1
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 and 1.28 Mcps TDD only).

Dedicated transport channel types are:

· Dedicated Channel (DCH);

-
Enhanced Dedicated Channel (E-DCH) for UL operation only.
8.1
Primitives between layers 1 and 2

8.1.1
Primitives 
The primitives are described in [3].
8.1.2
Parameters

a)
Transport Format Resource Indicator (TFRI) for HS-DSCH:

-
For HS-DSCH the Transport Block size is derived from the TFRI value signalled on the HS-SCCH. The mapping between TFRI value and Transport Block size is specified in subclause 9.2.3.
b)
HARQ information for E-DCH:

-
ACK/NACK information (details specified in subclause 9.2.5.1).

-
RSN information (details specified in subclause 9.2.5.1).
-
Power offset (details specified in subclauses 11.8.1.4 and 11.9.1.4).
-
E-TFCI (details specified in subclauses 11.8.1.4 and 11.9.1.4).
c)
Relative Grant information for E-DCH (FDD only):

-
Serving Relative Grant information (details specified in subclause 9.2.5.2.1).

-
Non-serving Relative Grant information (details specified in subclause 9.2.5.2.1).

d)
Absolute Grant information for E-DCH (details specified in subclause 9.2.5.2.2 for FDD and in 9.2.6.2.1 for TDD).
-
Identity Type for E-DCH (FDD only).

-
Absolute Grant Value.

-
Absolute Grant Scope (FDD only).

-
Absolute Grant Code Resource (TDD only)

-
Absolute Grant Timeslot Resource (TDD only)

-
Absolute Grant Resource Duration (TDD only)

-
E-HICH Indicator (1.28 Mcps TDD only)

-
E-UCCH Number Indicator (1.28 Mcps TDD only)
e)
Happy Bit (FDD only, details specified in subclause 9.2.5.2.2).
f) Synchronization Command ( 1.28 Mcps TDD only, details specified in subclause 11.6.3.1).
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, Enhanced Uplink in CELL_FACH and Idle mode 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/i 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
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) 
Enhanced Uplink in CELL_FACH and Idle mode support indicator (FDD and 1.28 Mcps TDD 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)
Parameters controlling E-RUCCH operation, such as T-RUCCH, N-RUCCH, T-WAIT, T-SI associated with E-RUCCH (1.28 Mcps TDD only)
Symbol offset Soffset (FDD only in CELL_FACH state and Idle mode)
Additional E-DCH transmission back off (FDD only in CELL_FACH state or Idle mode) 
E-DCH transmission continuation back off (FDD only in CELL_FACH state or Idle mode)
Maximum period for collision resolution phase (FDD only in CELL_FACH state and Idle mode)
Maximum E-DCH resource allocation for CCCH (FDD only in CELL_FACH state and Idle mode)
Common E-RNTIs list for CCCH transmission (1.28 Mcps TDD only in CELL_FACH state and Idle mode)
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)
Enhanced Uplink in CELL_FACH and Idle mode process termination (FDD only)
o)
Cell Reselection Indication process termination (1.28 Mcps TDD only)
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 and 1.28 Mcps TDD 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 and 1.28 Mcps TDD 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.

[image: image20.wmf] 

MAC

-

i

 PDU

 

SI

 


Figure 9.1.5.4b: MAC-i PDU (SI is sent alone)
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Figure 9.1.5.4c: MAC-i header part for E-RNTI transmission (FDD only)
9.2.1.1c
MAC Headers for DTCH and DCCH (mapped on HS-DSCH, FDD and 1.28 Mcps TDD only)

In FDD and 1.28 Mcps TDD, the MAC PDU header for DTCH and DCCH mapped on HS-DSCH CELL_FACH, CELL_PCH state is as shown in figure 9.2.1.1c-1.

-
there is no MAC-d header included for DTCH and DCCH.

-
there is no MAC-c header included for DTCH and DCCH when UE dedicated H-RNTI is used.

-
the U-RNTI is only included as MAC-c header to MAC-d PDU for DCCH (SRB#1 only)when common H-RNTI is used
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Figure 9.2.1.1c-1: MAC PDU format for DTCH and DCCH mapped on HS-DSCH (FDD and 1.28 McpsTDD only)
9.2.1.2
MAC header for BCCH

a)
BCCH mapped to BCH:

-
no MAC header is included.

b)
BCCH mapped to FACH:

-
the TCTF field is included in MAC header. 

c)
in FDD and 1.28 Mcps TDD, when BCCH mapped to HS-DSCH 

-
the MAC-ehs header is included.
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Figure 9.2.1.2.1: MAC PDU formats for BCCH

9.2.1.3
MAC header for PCCH
There is no MAC header for PCCH when mapped on PCH. 

In FDD and 1.28 Mcps TDD when PCCH is mapped on HS-DSCH:

-
the MAC-ehs header is included as depicted in Figure 9.2.1.3-1. 
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Figure 9.2.1.3-1: MAC PDU format for PCCH (FDD and 1.28 Mcps TDD only)

9.2.1.4
MAC header for CCCH

CCCH mapped to RACH/FACH:

-
TCTF field is included in MAC header.

In FDD and 1.28 Mcps TDD, 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

9.2.2
MAC PDU: Parameters of the MAC header (HS-DSCH)

If MAC-hs is configured by upper layers [7], the parameters for the MAC header are:

-
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. For 1.28 Mcps TDD multi-frequency HS-DSCH operation mode, the length of the TSN field can be 6 bits or 9 bits, which is configured by higher layer. For other opercation modes, the 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.

If MAC-ehs is configured by upper layers [7], the parameters for the MAC header are:

-
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 reordering SDU.
The length of the LCH-ID is 4 bits. 

In FDD and 1.28 Mcps TDD, when SDU from BCCH or PCCH logical channel is transmitted on HS-DSCH the LCH-ID field in MAC-ehs header is set to 1111. The identification of the logical channel is done based on H-RNTI value used for broadcast information in or for paging in HS-SCCH. Table 9.2.2-0 shows the 4-bit LCH-ID field.
Table 9.2.2-0: Structure of the LCH-ID field
	LCH-ID field
	Designation

	0000
	Logical channel 1

	0001
	Logical channel 2

	...
	... 

	1110
	Logical channel 15

	1111
	Used when SDU from BCCH or PCCH logical channel is transmitted on 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.

-
Segmentation Indication (SI)

The SI field indicates if the MAC-ehs SDU has been segmented. Table 9.2.2-1 shows the 2 bit SI field. 

Table 9.2.2-1: Structure of the SI field

	SI Field
	Segmentation indication

	00
	The first reordering SDU of the reordering PDU is a completeMAC-ehs SDU.

The last reordering SDU of the reordering PDU is a complete MAC-ehs SDU.

	01
	If there are more than one reordering SDUs in the reordering PDU, the last reordering SDU of the reordering PDU is a complete MAC-ehs SDU. 

The first reordering SDU of the reordering PDU is the last segment of a MAC-ehs SDU.

	10
	If there are more than one reordering SDUs in the reordering PDU, the first reordering SDU of the reordering PDU is a complete MAC-ehs SDU.

The last reordering SDU of the reordering PDU is the first segment of a MAC-ehs SDU.

	11
	If there are more than one reordering SDUs in the reordering PDU, the first reordering SDU of the reordering PDU is the last segment of a MAC-ehs SDU and the last reordering SDU of reordering PDU is the first segment of a MAC-ehs SDU.
If there is only one reordering SDU in the reordering PDU, the reordering SDU is a middle segment of a MAC-ehs SDU.


-
Length (L)

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

-
Flag (F)


The F field is a flag indicating if more fields are present in the MAC-ehs header or not. If the F field is set to "0" the F field is followed by an additional set of LCH-ID and L fields and optionally (as described in section 9.1.4) TSN and SI fields. If the F field is set to "1" the F field is followed by a reordering PDU. Each header extension corresponds to one reordering SDU.

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
	Designation

	0000
	Logical channel 1

	0001
	Logical channel 2

	…
	…

	1101
	Logical channel 14

	1110
	Identification of CCCH (SRB0)

	1111
	Identification of E-RNTI being included.


Table 9.2.4.4-2: Structure of the LCH-ID field (1.28 Mcps TDD only)
	LCH-ID Field
	Designation

	0000
	Logical channel 1

	0001
	Logical channel 2

	…
	…

	1101
	Logical channel 14

	1110
	Identification of CCCH (SRB0)

	1111
	Reserved


-
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): 
The S field is needed to achieve octet alignment in case the UE’s E-RNTI is included in the MAC-i header. In this version of the specification, the spare field shall be set to "0000".
9.2.6.3
UL Scheduling Information

This control information is used by UEs to indicate to the Node B the amount of resources they require. Scheduling Information is sent via the E-PUCH in the MAC-e or MAC-i header when the UE is granted resource and by the E-RUCCH when no resource has been granted. Scheduling Information consists of three components as defined below.
-
Buffer Information: This consists of:

-
Highest priority Logical Channel (HLID)
The HLID field identifies unambiguously the highest priority logical channel with available data. If multiple logical channels exist with the highest priority, the one corresponding to the highest buffer occupancy will be reported. The length of the HLID is 4 bits. In case the TEBS is indicating index 0 (0 byte), the HLID shall indicate the value "0000".
-
Total E-DCH Buffer Status (TEBS)
The TEBS field identifies the total amount of data available across all logical channels for which reporting has been requested by the RRC and indicates the amount of data in number of bytes that is available for transmission and retransmission in RLC layer. If MAC-i/is is configured, it also includes the amount of data that is available for transmission in the MAC-i/is segmentation entity. 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 TEBS. RLC PDUs that have been transmitted but not negatively acknowledged by the peer entity shall not be included in the TEBS.
-
Highest priority Logical channel Buffer Status (HLBS)
The HLBS field indicates the amount of data available from the logical channel identified by HLID, relative to the highest value of  the buffer size range reported by TEBS when the reported TEBS index is not 31, and relative to 50000 bytes when the reported TEBS index is 31.
-
UE Power Headroom (UPH): The UPH field indicates the ratio of the maximum UE transmission power and the calculated UE transmit power defined as in [18] that would result for e equal to 0. The length of UPH is 5 bits.
-
Serving and Neighbour Cell Pathloss (SNPL): This may be used by the Node-B to assist with its estimation of the degree of intercell interference each UE will generate and hence the absolute grant power value and physical resources to assign . The length of SNPL is 5 bits.

The length of TEBS field is 5 bits, the values taken by TEBS are shown in Table 9.2.5.3.2-1. The length of HLBS is 4 bits, the values taken by HLBS are shown in table 9.2.5.3.2-2.
The Scheduling Information message is represented in figure 9.2.6.3-1 where for each field, the LSB is the rightmost bit in the figure and the MSB is the leftmost bit:
	SNPL

(5 bits)
	UPH

(5 bits)
	TEBS

(5 bits)
	HLBS

(4 bits)
	HLID

(4 bits)


Figure 9.2.6.3.-1: Scheduling Information format
If Scheduling Information is sent via the E-RUCCH then the E-RNTI is also sent via the E-RUCCH, as shown by Figure 9.2.6.3-2 where the LSB is the rightmost bit in the figure and the MSB is the leftmost bit:

	Scheduling Information (23 bits)
	E-RNTI (16 bits)


Figure 9.2.6.3-2: Format of information sent on E-RUCCH

11.2.3.2.1
Control of E-RUCCH transmissions
The MAC-e or MAC-i sublayer is in charge of controlling the timing of E-RUCCH transmission.
11.6.3.1
Scheduler

The scheduler performs the following functions:

-
Schedules all UEs within a cell;

-
Services priority queues:

-
The scheduler schedules reordering PDUs (see subsection 9.1.4) based on information from upper layers. One UE operating in CELL_DCH may be associated with one or more priority queues.
-
In FDD and 1.28 Mcps TDD, when transmitting to the UE in CELL_FACH or CELL_PCH or URA_PCH state there can be multiple service priority queues. One service priority queue can be associated to multiple H-RNTIs.

-
Determines the HARQ Entity and the queues 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 reordering PDU transmitted from the selected queue;

-
increment the TSN with one for each subsequent reordering PDU transmitted from the selected queue.

-
increment the TSN with one for each subsequent reordering PDU transmitted from the selected queue per H-RNTI within an HS-DSCH, when transmitting to the UEs in CELL_FACH, CELL_PCH or URA_PCH state.
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 L field values for each reordering SDU to be transmitted and the TSN field and SI field values for each reordering PDU to be transmitted to the HARQ entity;

-
Schedules new transmissions and retransmissions:

-
When transmitting for a UE in CELL_DCH state the scheduler determines based on the status reports from HARQ Processes 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-ehs SDU.

-
In FDD when transmitting for a UE in CELL_FACH state the scheduler determines based on RRM and IE "Transmitted Power Level" received on Iub FP the number of retransmission that should be made after new transmission. 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.
-
In 1.28Mcps TDD, when transmitting CCCH or DCCH with common H-RNTI for a UE in CELL_FACH state the scheduler determines based on RRM and IE "Transmitted Power Level" received on Iub FP the number of retransmission that should be made after new transmission. Based on a delay attribute provided by upper layers, the scheduler may decide to discard any 'out-of-date' MAC-ehs SDU.
-
In 1.28Mcps TDD, When transmitting or retransmitting DCCH/DTCH with dedicated H-RNTI for a UE in CELL_FACH state, if In SYNC state is not indicated by physical layer as in [18], then the synchronization Command via HS-SCCH shall be sent to the UE firstly, the transmitting or retransmitting DCCH/DTCH shall not be initiated or resumed until In-SYNC state is detected as in [18]. The scheduler determines based on the status reports from HARQ Processes if either a new transmission or a retransmission should be made. Based on a delay attribute provided by upper layers, the scheduler may decide to discard any 'out-of-date' MAC-ehs SDU.
-
In 1.28Mcps TDD, when transmissing DCCH/DTCH for a UE in CELL_PCH state, synchronization command via HS-SCCH shall be sent to the UE firstly. The transmitting DCCH/DTCH shall not be initiated until In-SYNC state is detected as in [18]. The scheduler determines based on the status reports from HARQ Processes if either a new transmission or a retransmission should be made. Based on a delay attribute provided by upper layers, the scheduler may decide to discard any 'out-of-date' MAC-ehs SDU.
NOTE:
When operating in MIMO mode, the scheduler uses the redundancy version coding to indicate whether a transmission is a new transmission or a retransmission, otherwise, the New Data Indicator field is used.
-
Determines the redundancy version:

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

-
Increment UE specific HCSN for each HS-SCCH transmission.
-
In 1.28 Mcps TDD, the operation of HSCN on HS-SCCH with common H-RNTI and BCCH specific H-RNTI is unspecified.
11.6.3.2
HARQ entity

-
There is one HARQ entity per UE operating in CELL_DCH state in UTRAN. 

-
In FDD and 1.28 Mcps TDD, there is one HARQ entity per H-RNTI in UTRAN used for transmitting data for UE(s) in CELL_FACH state.
-
The HARQ entity sets the logical channel ID (LCH ID) fields in transmitted MAC-ehs PDUs to the values indicated by the UTRAN scheduler.
-
The HARQ entity sets the Length (L) fields in transmitted MAC-ehs PDUs to the values indicated by the UTRAN scheduler.
-
The HARQ entity sets the Segmentation Indication (SI) fields in transmitted MAC-ehs PDUs to the values indicated by the UTRAN scheduler.
-
The HARQ entity sets the transmission sequence number (TSN) fields in transmitted MAC-ehs PDUs to the values indicated by the UTRAN scheduler.
-
The HARQ entity sets the HARQ process identifier in transmitted MAC-ehs PDUs. UTRAN should:

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

11.6.4.2
HARQ process

The HARQ process processes the New Data Indicator (if any) indicated by lower layers for each received MAC-ehs PDU.

The UE may:

-
for FDD, when operating in CELL_DCH state, or in CELL_FACH state with a dedicated H-RNTI, if the MAC-ehs PDU is received within 5 sub-frames from the reception of the previous MAC-ehs PDU intended for this HARQ process; or

-
for TDD, when operating in CELL_DCH state, or in CELL_FACH state with a dedicated H-RNTI (1.28 Mcps TDD only), if the MAC-ehs PDU is received before generation of feedback resulting from reception of a previous MAC-ehs PDU for the same H-ARQ process: or
-
discard the MAC-ehs PDU.

The UE shall: 

-
if the New Data Indicator (if any) has been incremented compared to the value in the previous received transmission in this HARQ process or in absence of a New Data Indicator field, the physical layer redundancy version coding indicates it is an initial transmission:

-
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 not present and the physical layer redundancy version coding indicates it is a retransmission and the UE had positively acknowledged the earlier transmission:

-
discard received data and generate a positive acknowledgement (ACK).
-
if the New Data Indicator (if any) is identical to the value used in the previous received transmission in the HARQ process or in absence of a New Data Indicator field, the physical layer redundancy version coding indicates it is a retransmission and the UE had negatively acknowledged the earlier transmission:
-
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-ehs PDU to the disassembly entity;

-
when operating in CELL_DCH state, or operating in CELL_FACH state with dedicated H-RNTI for 1.28 Mcps TDD, generate a positive acknowledgement (ACK) of the data in this HARQ process.
-
else:

-
when operating in CELL_DCH state, or operating in CELL_FACH state with dedicated H-RNTI for 1.28 Mcps TDD, 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.

11.6.4.5
Reordering entity

11.6.4.5.1
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. For CELL_DCH, the initial value of next_expected_TSN =0. For states other than CELL_DCH the initial value of the next_expected_TSN = RcvWindow_UpperEdge - RECEIVE_WINDOW_SIZE + 1.
-
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 reordering PDU 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.

-
Reset timer (Treset) (FDD  and 1.28 Mcps TDD) 
Treset controls the reset of the MAC-ehs reordering functionality. This timer is not used when the UE is in CELL_DCH state.

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.
11.6.4.5.2
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 reordering PDUs that can not be delivered.

For FDD and 1.28 Mcps TDD, if the UE is not in CELL_DCH state and if the timer Treset is not active:

-
the timer Treset shall be started when a reordering PDU is correctly received.

For FDD and 1.28 Mcps TDD, if the UE is in any state other than CELL_DCH state and if a timer Treset is already active:

-
the timer Treset shall be restarted when a reordering PDU is correctly received. 

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

When the timer Treset expires:

-
perform a MAC-ehs reset.

For FDD and 1.28 Mcps TDD, if the UE enters CELL_DCH state:

-
stop all configured Treset timers.

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.

-
flush soft buffer for all configured HARQ processes.
11.9
Control of E-DCH transmission and reception (TDD)

11.9.1
UE operation

11.9.1.1
HARQ Operation
The TDD HARQ protocol is a stop and wait protocol based on synchronous downlink ACK/NACKs with asynchronous retransmissions in the uplink. If NACK is received then the UE may only retransmit the previously transmitted MAC-e or MAC-i PDU if suitable physical resources are available, otherwise it must wait until it receives an appropriate Absolute Grant (or in the case of non-scheduled transmission, the UE must wait until resource is next designated as available for non-scheduled transmission/retransmission). There are a maximum of 8 HARQ processes (instances of the HARQ entity). For 1.28 Mcps TDD, there are a maximum of 4 HARQ processes employed for the UEs in CELL-FACH state and idle mode as non-scheduled transmission is not allowed. Operation of the HARQ protocol is as follows:

· If an Absolute Grant is received in Frame (i) then the UE transmits a data block (MAC-e or MAC-i PDU) in Frame (i+T1)

· For a MAC-e or MAC-i PDU transmitted in Frame (i+T1) the UE receives an ACK/NACK in Frame (i+T1+T2)

· If NACK is received in Frame (i+T1+T2) then the UE cannot retransmit the MAC-e or MAC-i PDU previously transmitted in Frame (i+T1) (now stored for potential retransmission) until suitable physical resources are available (e.g. until Absolute Grant received)

· The interval T3 between reception of NACK and the availability of suitable resources via reception of a Grant for a subsequent retransmission is variable and depends on Node B scheduling decisions
· If an ACK is received in Frame (i+T1+T2) then the MAC-e or MAC-i PDU previously transmitted in Frame (i+T1) (stored for potential retransmission) is discarded and the HARQ process identity associated with the previously transmitted data block can now be reassigned.

NOTE:
For 1.28 Mcps TDD, "subframe" should be used to describe the above timing relation.T1 and T2 may be derived from the physical layer timings given in [21].

Operation of the TDD HARQ protocol is illustrated by Figure 11.9.1.1.


[image: image26]
Figure 11.9.1.1: TDD E-DCH HARQ Operation

11.9.1.1.1
HARQ entity

There is one HARQ entity in the UE. A number of parallel HARQ processes (identified by a HARQ process identifier) are used in the UE to support the HARQ entity, allowing transmissions to take place continuously while the UE is granted resources.The HARQ entity identifies the HARQ process for which transmission should take place if resources are available. Also, based on timing with respect to a previously-transmitted MAC-e or MAC-i PDU it routes the receiver feedback (ACK/NACK information), relayed by the physical layer, to the appropriate HARQ process.

The minimum number of HARQ processes is a function of T1 and T2 (see subclause 11.9.1.1). The maximum number of HARQ process identifiers is 8. Each process is associated with a HARQ process identifier numbered from 0 to 7.

The HARQ entity is responsible for determining which HARQ process will use the assigned resources in a given TTI (for both scheduled and non-scheduled resource types). It is further responsible for determining for each HARQ process whether new data or existing data should be transmitted from the HARQ process buffer, including the case in which new data is transmitted before successful delivery of the existing data.

For transmission in a given TTI, the HARQ entity shall only consider those HARQ processes associated with the resource grant type (scheduled / non-scheduled).  HARQ processes 0 to 3 are associated with scheduled transmission whilst HARQ processes 4 to 7 are associated with non-scheduled transmission. In the following, the set of HARQ processes associated with the resource grant type is denoted the "associated set".

The following rules control the operation of the HARQ entity:

· If retransmissions are pending for any of the HARQ processes of the associated set:

· the HARQ entity shall determine for each HARQ process of the associated set whether the current resource grant is sufficient to allow retransmission of the data. The grant is deemed to be sufficient if the corresponding transport block size is supportable within the allocated resources as determined by the E-TFC selection entity (see subclause 11.9.1.4);

· if the grant is sufficient for retransmission by at least one of the HARQ processes of the associated set, select the HARQ process containing the oldest MAC-e or MAC-i PDU for retransmission and notify the E-TFC selection entity that the TTI shall be used for retransmission;

· if the grant is not sufficient for retransmission by any of the HARQ processes of the associated set, the HARQ entity shall select an available HARQ process from the associated set for transmission of new data. In the case that none of the HARQ processes in the associated set are available (all contain data for retransmission) the HARQ entity shall discard the data from the HARQ process in the associated set containing the oldest MAC-e or MAC-i PDU and shall select that HARQ process for transmission of new data. In either case, the HARQ entity shall notify the E-TFC selection entity that the TTI shall be used for a new transmission.

· else:

· the HARQ entity shall select an available HARQ process from the associated set for transmission of new data and shall notify the E-TFC selection entity that the TTI shall be used for a new transmission of scheduled data.

11.9.1.1.2
HARQ process

Each HARQ process is associated with a physical buffer (HARQ buffer).

Each HARQ process maintains the state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC-e or MAC-i PDU currently in the buffer. For 1.28 Mcps TDD, each HARQ process also maintains the timer RTX_TIMER used to determine whether a pending retransmission should be discarded. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

At the time of a new transmission, the HARQ entity provides the HARQ profile to use for all transmissions and re-transmissions of this MAC-e or MAC-i PDU. This HARQ profile includes information on the maximum number of transmissions to perform, and the power offset with which to configure the physical layer. For 1.28 Mcps TDD, the HARQ profile also includes a retransmission timer attribute.
If the HARQ entity provides a new PDU, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_RSN to 0;

-
store the MAC-e or MAC-i PDU in the associated HARQ buffer;

-
generate a transmission as described below.

If the HARQ entity requests a re-transmission, the HARQ process shall:

-
generate a transmission as described below.

-
for 1.28 Mcps TDD, start RTX_TIMER for this MAC-e or MAC-i PDU if NACK is received for the initial transmission.
To generate a transmission, the HARQ process shall:

-
instruct the physical layer to set the RSN field on the E-UCCH to CURRENT_RSN;

-
instruct the physical layer to generate a transmission with the power offset corresponding to the HARQ profile and the redundancy version corresponding to the RSN value

-
if CURRENT_RSN < 3

-
increment CURRENT_RSN by 1;


else

-
decrement CURRENT_RSN by 1;

-
increment CURRENT_TX_NB by 1;

-
if CURRENT_TX_NB ≥ maximum number of transmissions indicated in the transmission HARQ profile:

-
flush the HARQ buffer;
-
set  CURRENT_TX_NB to 0;

-
set CURRENT_RSN to 0.

-
for 1.28 Mcps TDD, if RTX_TIMER is active, it shall be stopped
-
for 1.28 Mcps TDD, if RTX_TIMER expires which  value indicated in the transmission HARQ profile:

-
flush the HARQ buffer;
-
set CURRENT_TX_NB to 0;

-
set CURRENT_RSN to 0.
If an ACK is received, the HARQ process shall:
-
flush the HARQ buffer;

-
set CURRENT_TX_NB to 0;

-
set CURRENT_RSN to 0.

-
for 1.28 Mcps TDD, if RTX_TIMER is active, it shall be stopped.
For 1.28 Mcps TDD, in case of CCCH transmission with common E-RNTI, all MAC-i PDUs that were negatively acknowledged finally and all MAC-is segmentations (if any) that have not been transmitted shall be flushed at the end due to the lack of scheduled grants within of  the Available Scheduling Window for this selected common E-RNTI. The calculation of Available Scheduling Window is defined in subclause 11.9.1.5b.
At the end of CCCH transmission a CMAC-STATUS shall be sent from MAC to informs the RRC about the end of the Enhanced Uplink for CELL_FACH state and Idle mode.
11.9.1.2
Multiplexing and TSN setting entity

As subclause 11.8.1.2.
11.9.1.2a
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 (1.28 Mcps TDD only) or the untransmitted part of the MAC-c PDU (1.28 Mcps TDD only) exceeds available space in the transport block according to the E-TFC selection, the segmentation entity shall:

-
segment the MAC-d PDU, the untransmitted part of the MAC-d PDU, the MAC-c PDU or the untransmitted part of the MAC-c PDU to fit the available space in the transport block according to the E-TFC selection and store the untransmitted part of the MAC-d PDU 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.
11.9.1.3
Receiving a Grant

The UE determines whether each TTI is available for scheduled or non-scheduled transmissions.

The parameters applicable to a transmission are timeslots, code and maximum power. In the case of non-scheduled transmission, these parameters are set by RRC and retransmissions and/or new transmissions may occur in frames at intervals set by RRC.  For scheduled transmission, the parameters are received via the E-AGCH.
UEs in CELL_FACH state and idle mode (1.28 Mcps TDD only) shall only use the scheduled transmission.
For given grant, the HARQ entity determines which HARQ process to use in the TTI (see subclause 11.9.1.1.1).
For 1.28 Mcps TDD in CELL_FACH state and idle mode the UE with common E-RNTI shall only monitor the selected common E-RNTI on the pre-configured E-AGCH(s) for the scheduled grants within the Available Scheduling Window assigned for this selected common E-RNTI. At the end of the Available Scheduling Window this selected common E-RNTI shall be released.
11.9.1.4
E-TFC Selection

In TDD, rules for E-TFC selection shall be applied as provided below.

UEs shall apply E-TFC selection when invoked by the HARQ entity (see subclause 11.9.1.1.1).

For CELL-DCH state in TDD, for each MAC-d flow, RRC configures MAC-e with a HARQ profile and multiplexing list. Additionally, RRC configures MAC with a power offset in case the Scheduling Information needs to be transmitted without any higher- layer data. For 1.28 Mcps TDD, RRC also configures MAC with a retransmission timer and the maximum number of HARQ transmissions in case the Scheduling Information needs to be transmitted without any higher-layer data. The HARQ profile includes the power offset and maximum number of HARQ transmissions to use for this MAC-d flow. For 1.28 Mcps TDD, the HARQ profile also includes a retransmission timer attribute.The multiplexing list identifies for each MAC-d flow(s), the other MAC-d flows for which data can be multiplexed in a transmission that uses the power offset included in its HARQ profile.
For 1.28 Mcps TDD in CELL_FACH state and idle mode, for common mac flows, RRC configures MAC with a HARQ profile and multiplexing list. The HARQ profile includes the power offset/maximum number of HARQ transmissions to use for this common mac flows and a retransmission timer attribute.
RRC can control the scheduling of uplink data by giving each logical channel a priority between 1 and 8, where 1 is the highest priority and 8 the lowest. E-TFC selection in the UE shall be done in accordance with the priorities indicated by RRC. Logical channels have absolute priority, i.e. the UE shall maximise the transmission of higher priority data.
For 1.28 Mcps TDD in CELL_FACH state and idle mode, CCCH shall not be multiplexed with any other logical channel, and the CCCH data shall have higher priority than that of any other logical channel.
RRC can allocate non-scheduled transmission grants to individual MAC-d flows in order to reduce the transmission delays.

The UE shall determine whether to take scheduled or non-scheduled grants into account in the upcoming transmission. If neither are supposed to be taken into account (i.e. the TTI is not available for non-scheduled transmission and no Grant for scheduled transmission has been received) then no grant shall be assumed to exist. If a grant exists then the transmission format and data allocation shall follow the requirements below.

For each configured MAC-d flow or common flow (1.28 Mcps TDD only), a given E-TFC can be in any of the following states:

-
Supported state;

-
Blocked state.

The E-TFC states are derived according to the following:

-
If the transmission is a retransmission then only the E-TFC with the same block size as the original transmission may be in the supported state. 

-
For 1.28Mcps TDD, only E-TFCs from the E-TFCS (the table of TB sizes) which are consistent with the UE's E-DCH capability category shall be considered for the transmission;
-
Only E-TFCs from the E-TFCS (the table of TB sizes) which can be supported by (exactly) the number of slots assigned by the grant shall be considered for the transmission;

-
Only E-TFCs which result (for the granted timeslot and code physical resources) in a coderate lying between the maximum and minimum (inclusive) allowable coderates set by RRC [7] shall be considered for the transmission {note: the definition of the term “coderate” as used here is the same as that provided by [18]}. This shall be evaluated for both QPSK and 16-QAM modulation;

-
PHARQ, the HARQ profile power offset is selected (for 3.84/7.68Mcps TDD the HARQ profile for the transmission shall be selected among the HARQ profiles of MAC-d flows on which the highest priority logical channels with available data are mapped, for 1.28Mcps TDD the HARQ power offset shall be set to the maximum of HARQ power offset of all the MAC-d flows or common flows mapped to the same type of resource (scheduled or non-scheduled resource); Scheduling Information power offset shall be used when Scheduling Information is transmitted without any higher-layer data.)

-
Only E-TFCs whose calculated transmission power requirement PE-PUCH (see [18]) is less than or equal to both the available and the granted power shall be considered for the transmission (note: this requirement does not apply in the case of a retransmission on non-scheduled resources). For TDD, the smallest E-TFC is considered always in the supported state. The granted power is defined as the calculated E-PUCH transmission power of [18] with βe = (Absolute Grant Value + αe). The available power is the maximum UE transmission power.
From those E-TFCs in the supported state the UE determines the largest block size that it is permitted to transmit within the given constraints.
The UE shall select the modulation type associated with the determined E-TFC (note: if an E-TFC is supported by both QPSK and 16-QAM then 16-QAM modulation shall be used if its power requirement (PE-PUCH) is lower than the power requirement for QPSK, otherwise QPSK modulation shall be used).
Data allocation shall then be performed in accordance with the following:

-
For all logical channels, if the logical channel belongs to a non-scheduled MAC-d flow, its data shall be considered as available up to the largest block size determined for the corresponding non-scheduled grant.  If the logical channel does not belong to a non-scheduled MAC-d flow, its data shall be considered as available up to the largest block size determined for the Serving Grant;

-
The data allocation shall maximise the transmission of higher priority data;

-
The UE shall select the E-TFC, SF and modulation which minimises the power used (3.84/7.68 Mcps TDD only);

-
The UE shall select the E-TFC and modulation which minimises the power used (1.28 Mcps TDD only);
While respecting all the above listed requirements, for each logical channel using RLC-UM or RLC-AM when new data to be transmitted, at every TTI, the UE may select the RLC PDU size so as to maximise the amount of data of this logical channel that can be transmitted.

Once an appropriate E-TFC and data allocation are found according to the rules above, the "Multiplexing and TSN Setting" entity shall generate the corresponding MAC-e or MAC-i PDU.
In 1.28Mcps TDD, when Scheduling Information is triggered by timer per subclause 11.9.1.5, the E-TFC selection and data-allocation process shall assume that Scheduling Information has a priority higher than any other logical channel.

The E-TFC selection function shall provide this MAC-e or MAC-i PDU and transmission HARQ profile to the HARQ entity. The selected E-TFC is also provided. For 3.84Mcps TDD and 7.68Mcps TDD the maximum number of HARQ transmissions and the power offset in this profile shall be set respectively to the maximum of both the Max Number of HARQ Transmissions and of the power offset of the HARQ profiles from all the MAC-d flows from which data is multiplexed into the transmission. For 1.28 Mcps TDD, the maximum number of HARQ transmissions shall be set to the maximum of the Max Number of HARQ Transmissions of the HARQ profiles from all the MAC-d flows from which data is multiplexed into the transmission,  the HARQ power offset shall be set to the maximum of HARQ power offset of all the MAC-d flows mapped to the same type of resource (scheduled or non-scheduled resource), and the retransmission timer shall be set to the maximum of the retransmission timer value of the HARQ profiles that are permitted to be multiplexed into the transmission. For 1.28Mcps TDD, when the Scheduling Information needs to be transmitted without any higher-layer data, the specific HARQ profile should be applied. Each HARQ process which is associated with a buffer holding a MAC-e or MAC-i PDU for potential retransmission shall maintain the HARQ profile and the number of re-transmissions that have occurred. For 1.28 Mcps TDD, the HARQ process shall also maintain the value of RTX_TIMER.
Further information on E-TFC selection is provided in Annex CA.
11.9.1.5
Scheduling Information reporting (1.28 Mcps TDD only)

A "Grant Request" type Scheduling Information can be triggered if any of the following events occur:

-
The TEBS becomes larger than zero;

-
An E-DCH serving cell change occurs and the TEBS is larger than zero;

An optional Extended Estimation Window (defined by RRC in TTIs) may be used to prevent the UE from triggering unnecessary E-RUCCH transmission in case the UE potentially has an available Grant a short time in the future. The UE may perform a persistent check through the Extended Estimation Window to evaluate whether there is a Grant available for new data transmission when the UE can not take the decision just according to the related HARQ information, e.g, HARQ timing, HARQ retransmission numbers and so on.
If a UE has no Grant (including scheduled grant or non-scheduled grant) available for a new MAC-e or MAC-i PDU transmission in current TTI or in the Extended Estimation Window (if configured by RRC), as the "Grant Request" type Scheduling Information is triggered, the transmission of Scheduling Information shall be triggered via E-RUCCH.
Else if the UE has a Grant (including scheduled grant or non-scheduled grant) available for a new MAC-e or MAC-i PDU transmission in current TTI or in Extended Estimation Window (if configured by RRC), as the "Grant Request" type Scheduling Information is triggered, the scheduling information should be included in a MAC-e or MAC-i PDU via the Grant. If the HARQ process fails to deliver the MAC-e or MAC-i PDU containing the triggered the "Grant Request" type Scheduling Information, another "Grant Request" type Scheduling Information shall be triggered.

When assembling a MAC-e or MAC-i PDU, if the scheduling information needs to be included in the MAC-e or MAC-i PDU according to subclause 9.2.4.2 and it shall be transmitted regardless of TEBS status.
Additional periodic timer T-SI is used to avoid long pause duration of scheduling information reporting (defined by RRC). Once the grant is designated, T-SI shall be started .When the scheduling information is included in MAC-e or MAC-i PDU and sent, the timer shall be restarted immediately. When the timer expires, if there is a grant to send a new MAC-e or MAC-i PDU, it should include scheduling information, otherwise the UE shall wait for a grant to send scheduling information in a new MAC-e or MAC-i PDU.
Additionally if data with higher priority than the data already in the transmission buffer arrives, the Scheduling Information shall be triggered and included in next available MAC-e or MAC-i PDU, i.e. higher priority data arrival event shall not trigger a E-RUCCH procedure.
RRC can configure MAC with a delay timer to be used when the UE transits from having a Grant to not having a Grant and the TEBS is still larger than zero. The delay timer T_WAIT shall be started once the Grant expires and shall be stopped and reset when a Grant is received. When T_WAIT expires, the transmission of a Scheduling Information shall be triggered via E-RUCCH (T_WAIT shall be stopped and reset).
Even if multiple events are triggered by the time a new Scheduling Information reporting can take place, only single scheduling information with newly updated content shall be sent via E-RUCCH or included in a MAC-e or MAC-i PDU.
11.9.1.5a
Cell Reselection Indication in CELL_FACH state (1.28 Mcps TDD only)
UE in CELL_FACH state with E-DCH transmission and HS-DSCH reception may send Cell Reselection Indication to the Node B scheduler of the serving cell in order to notify the scheduler that the UE is to leave from this cell.

When the Cell Reselection criteria are met as in [5] and if any of the condtions are fulfilled, the Cell Reselection Indication procedure shall be triggered and performed as below:
-
if UE has sent the scheduling information indicating the TEBS <> 0 byte and has not sent TEBS = 0 byte to Node B scheduler, i.e, Node B may think the UE has data pending for transmission:


-
if the UE has a grant in next TTI or within Extended Estimation Window:


-
include the scheduling information with the TEBS = 0 byte in next MAC-i PDU even if its actual TEBS is bigger than zero, here TEBS = 0 byte is used to represent Cell Reselection Indication;

-
else


-
initiate a E-RUCCH procedure to transmit the Scheduling information with TEBS = 0 byte;

-
if MAC is informed by a PHY-ACCESS-CNF primitive indicating no response received on FPACH from PHY after the maximum number of SYNC_UL transmissions permitted in a power ramping cycle, the E-RUCCH transmission process caused by Cell Reselection Indication procedure shall be terminated and the related parameters to control E-RUCCH transmission shall be reset as in section 11.2.3.2.
-
if the UE has received the Synchronization Cammand via HS-SCCH indicating a required E-RUCCH proceduring and the UE has send E-RUCCH:

-
another E-RUCCH procedure shall be initiated and a specific Scheduling information with TEBS = 0 byte and HLBS <> 0 shall be included in E-RUCCH;

-
if MAC is informed by a PHY-ACCESS-CNF primitive indicating "no response received on FPACH from PHY after the maximum number of SYNC_UL transmissions permitted in a power ramping cycle, the E-RUCCH transmission process caused by Cell Reselection Indication procedure shall be terminated and the related parameters to control E-RUCCH transmission shall be reset as in section 11.2.3.2.

-
if the UE received the HS-SCCH indicating a reception of HS-DSCH for it:

-
Cell Reselection Indication shall be sent on the associated HS-SICH with the “RTBS” field in HS-SICH set to the special value, i.e. all bits are set to zero.
Once the Cell Reselection Indication procedure was accomplished or terminated, then MAC informs RRC the termination of Cell Reselection Indication procedure with CMAC-STATUS-Ind primitive. When Cell Reselection Indication procedure is ongoing the cell reselection shall not be performed as in [5].
11.9.1.5b
Common E-RNTI selection in CELL_FACH state and idle mode (1.28 Mcps TDD only)
RRC may configure MAC a common E-RNTIs list associated to each E-RUCCH on which common E-RNTI may be used with the CMAC-CONFIG-Req primitive, each common E-RNTIs list related for an E-RUCCH is divided into K groups and there is N E-RNTIs in each group as configured by RRC. The K groups are numbered in (0…k) as indicated by RRC.

Common E-RNTI selection procedure is invoked in case of sending E-RUCCH with common E-RNTI for CCCH transmission, when performing common E-RNTI selection, the SFN or the SFN’ on which the E-RUCCH shall be sent and the TTI length of E-RUCCH shall be provided. Common E-RNTI Selection procedure is performed as below:

k= SFNE-RUCCH mod K, for TTI of E-RUCCH = 10ms;

or 
k = SFN’E-RUCCH mod K, for TTI of E-RUCCH = 5ms;

Where k is the "Index of selected Common E-RNTI group" and K is the total number of E-RNTI groups related to this E-RUCCH; SFNE-RUCCH or SFN’E-RUCCH is the frame or sub-frame on which the E-RUCCH shall be sent which is indicated by physical layer as the response of physical random access procedure.

Upon the common E-RNTI group was determined as above, the UE shall randomly select a common E-RNTI within the group.

The Available Scheduling Window of each CCCH transmission is equal to the length of K E-RUCCH TTIs, which means that the CCCH only can be scheduled within the consecutive K frames (in case of 10ms E-RUCCH) or sub-frames(in case of 5ms E-RUCCH)  upon receiving the E-RUCCH by the Node B scheduler. The start point of the Available Scheduling Window associated with a common E-RNTI corresponds to the frame on which the common E-RNTI is correctly received on E-RUCCH.
11.9.1.6
MAC-es/e Reset (1.28 Mcps TDD only)
If a reset of MAC-es/e or MAC-is/i entity is requested by upper layers, the UE shall at the activation time indicated by higher layer:

-
flush all HARQ processes;
-
set CURRENT_TSN to 0 for all the logical channels mapped to E-DCH;

-
stop all active timers (the timers include Retransmisstion timer, T_SI, T_WAIT, T_RUCCH);

-
set CURRENT_RUCCH to 0.
-
if MAC-i/is is configured by upper layers:

-
discard all segments stored in segmentation entities.
11.9.2
Node B operation

11.9.2.1
HARQ Operation

11.9.2.1.1
HARQ entity

There is one HARQ entity per UE in the Node-B. The HARQ entity routes the payload and the associated RSN value to the indicated HARQ process (the HARQ procees identifier is signalled to the Node B via the E-UCCH). Based on the outcome of the decoding, the HARQ entity transmits an ACK or a NACK in return.

11.9.2.1.2
HARQ process

The HARQ process uses the RSN to identify the redundancy version, The Node B uses the identified redundancy version to attempt to decode the transmission. The outcome of the decoding is reported to the HARQ entity, so that it may be fed back to the UE as ACK or NACK.

11.9.2.2
De-multiplexing

There is one de-multiplexing entity per UE in the Node B. If the MAC-e/es is configured by upper layers, the SRNC configures the Node B with the mapping between the active DDI values and the corresponding MAC-d flow and PDU size. If the MAC-i/is is configured by upper layers, the SRNC configured the Node B with the mapping between the LCH-ID and the corresponding MAC-d flow. Also, it provides it with the mapping between MAC-d flow IDs and the corresponding Iub bearer.

If MAC-e/es is configured by upper layers, the de-multiplexing entity uses the MAC-e header information (DDI, N) to determine the size of each MAC-es PDU and based on this it segments the MAC-e payload into MAC-es PDUs. If MAC-i/is is configured by upper layers, the de-multiplexing entity uses the MAC-i header information (L) to determine the size of each MAC-is SDU and based on this it segments the MAC-i payload into MAC-is PDUs. These are then routed onto the Iub bearer indicated by the DDI value.

With each MAC-es PDU, the Node B will send to the SRNC:

-
the associated DDI and N values;

-
the CFN when the payload including the MAC-es PDU was decoded correctly (3.84/7.68 Mcps only);

-
the CFN and sub-frame number when the payload including the MAC-es PDU was decoded correctly (1.28 Mcps TDD only);

-
the total number of transmissions that were needed for the MAC-e PDU to be decoded correctly.
With each MAC-is PDU, the Node B will send to the SRNC:

-
the associated LCH-ID and L values for each MAC-is SDU;

-
the CFN when the payload including the MAC-is PDU was decoded correctly (3.84/7.68 Mcps only);

-
the CFN and sub-frame number when the payload including the MAC-is PDU was decoded correctly (1.28 Mcps TDD only);

-
the total number of transmissions that were needed for the MAC-i PDU to be decoded correctly.
11.9.2.3
Scheduler

There is one E-DCH Node B scheduler per Node B. The Node B scheduler is responsible for the following functions:

-
Allocating uplink resources to UEs and signalling these to UEs via Absolute Grants;

-
Reporting uplink interference measurements to the SRNC

-
Reporting to the SRNC on the lack of processing resources

-
Determining the TDD ECSN (the UE specific ECSN is incremented for each E-AGCH transmission)

-
Determining which E-HICH will be used for the incoming transmission and the value of the associated E-HICH Indicator (1.28 Mcps TDD only)

-
Determining how many E-UCCHs should be carried on the incoming E-PUCHs and the value of the associated E-UCCH Number Indicator (1.28 Mcps TDD only).
11.9.2.4
E-DCH Provided Bit Rate measurement

The E-DCH Provided Bit Rate measurement is defined as follows:

-
for each priority class the MAC-e or MAC-i function in the Node B measures the total number of MAC-d PDU bits whose transmission over the radio interface has been considered successful by MAC-e or MAC-i in Node-B during the last measurement period, divided by the duration of the measurement period;
-
the measurement period shall be [100 ms].
11.9.3
RNC operation

11.9.3.1
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.
11.9.3.2
Re-ordering entity for CCCH transmissio (1.28 Mcps TDD only)
The re-ordering entity is part of MAC-is sublayer in the CRNC. There is one re-ordering entity per UE. 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), 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 resulting data is delivered to the MAC-c. The details of the re-ordering mechanism are left up to the implementation. 
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