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6
Overall architecture of enhanced uplink DCH

6.1    Protocol architecture

The following modifications to the existing nodes are needed to support enhanced uplink DCH:

UE
A new MAC entity (MAC-e) is added in the UE located below MAC-d. MAC-e in the UE handles HARQ retransmissions, priority handling,  and MAC-e multiplexing. MAC-e also includes TFC selection functionality.

Node B

A new MAC entity (MAC-e) is added in Node B which handles HARQ retransmissions, scheduling and MAC-e demultiplexing.

S-RNC

A new functionality is added in MAC entity in the SRNC to provide in-sequence delivery (reordering) and to handle combining of data from different Node Bs.

The resulting protocol architecture is shown in Figure 6.1-1:
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Figure 6.1-1: Protocol Architecture of E-DCH
6.2    Transport channel attributes

The E-DCH transport channel has the following characteristics:

E-DCH and DCH are using separate CCTrCHs

There is only one CCTrCH of E-DCH type per UE;

· There is only one E-DCH per CCTrCH of E-DCH type;

· There is only one transport block per TTI;

· Both 2 ms TTI and 10 ms TTI are supported by the E-DCH. The support of 10 ms TTI is mandatory for all UEs. The support of 2 ms by the UEs is FFS (always optional or mandatory for high UE categories).

6.3    Basic physical structure

6.3.1  UL Physical layer model

6.3.2
 DL Physical layer model

7     MAC architecture

7.1   General Principle

7.1.1
MAC multiplexing

The E-DCH MAC multiplexing has the following characteristics:

· MAC-d multiplexing is supported;

· Multiple MAC-d flows can be configured for one UE;

· Different QoS characteristics can be associated to the MAC-d flows. Based on them, the MAC-e entity in the UE decides on the HARQ operation parameters (Beta factors, etc). For each transmission, the MAC-e entity gives the HARQ operation parameters to the L1 in addition to the TFRC;

· The design goal is to allow and define rules for the multiplexing of data from different MAC-d flows within the same MAC-e PDU. Details are FFS.

7.1.2
Reordering entity

The re-ordering entity is in a separate MAC sub-layer in the UE and the SRNC. The assumption is that the re-ordering is done per priority (re-ordering) queues and that the entity is located just below MAC-d. It is FFS, if it is found that the additional overhead is acceptable, to do the re-ordering per logical channels. In that case, the re-ordering entity would be located just above MAC-d.
7.2    MAC architecture – UE side

7.2.1
 Overall architecture

Overall UE MAC architecture including a new enhanced uplink MAC-e / MAC-es entity that controls access to the E-DCH is shown in figure 7.1.1-1. The architecture is modified with a new link between MAC-d and MAC-e  / MAC-es, and a new link between MAC-e and the MAC Control SAP. 
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Figure 7.2.1-1: UE side MAC architecture

7.2.2
 Details of MAC-d

A connection to the MAC-es / MAC-e entity has been added to MAC-d. This connection is used to transfer data to the MAC-e for transmission on the E-DCH. MAC-d multiplexing is also supported for E-DCH.
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Figure 7.2.2-1: UE side MAC architecture / MAC-d details
7.2.3
 Details of MAC-c/sh

No changes are required to the UE MAC-c/sh for support of E-DCH.
7.2.4
 Details of MAC-hs

No changes are required to the UE MAC-hs for support of E-DCH.
7.2.5
 Details of MAC-e / MAC-es
The MAC-e handles HSUPA specific functions. In the model below, the MAC-e comprises the following entities:

· Scheduling Request / Assignment:

This function generates EU scheduling requests and processes scheduling assignments received from UTRAN. Scheduling requests are determined from RLC data TVM and pending retransmissions within active H-ARQ processes. Received scheduling information indicates the maximum resource the UE is allowed to use for E-DCH transmission.
· Priority Handling:
This function manages assignment of data flows and H-ARQ processes according to their priority. Based on status reports from associated downlink signaling, either a new transmission or retransmission is determined. A new transmission can be initiated instead of a pending retransmission at any time to support priority handling (FFS).  
· TFC Selection:
This function performs selection of transport format combination for the data to be transmitted on E-DCH. Selection is subject to transmit power, and TFC restriction identified in the scheduling assignment or persistency available interference indication (FFS) received from Node-B. The TFC selection entity provides multiplexing of MAC-d PDU’s onto the E-DCH, and setting of sequence numbers for reordering (priority) queues.
· HARQ Entity:

The HARQ entity supports multiple instances (H-ARQ processes) of the HARQ protocol. There are several HARQ processes for EU configured at the UE. The HARQ functional entity handles all the tasks that are required for hybrid ARQ.
The associated signalling shown in the figure illustrates the exchange of information between layer 1 and layer 2 provided by primitives.
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Figure 7.2.5-1: UE side MAC architecture / MAC-e details
7.3    MAC architecture – UTRAN side

7.3.1
 Overall architecture

Overall UTRAN MAC architecture including new enhanced uplink MAC-e and MAC-es entities is shown in figure 7.2.1-1. For each UE that uses E-DCH, one MAC-e and one MAC-es entity is configured. The MAC-e is located in the Node B, controls access to the E-DCH, and is connected to the MAC-es entity, which is located in the SRNC. MAC-es is connected to MAC-d. For control information, new connections are defined between MAC-e and the MAC Control SAP in Node B, and between MAC-es and the MAC Control SAP in the SRNC.
The associated signalling shown in the figure illustrates the exchange of information between layer 1 and layer 2 provided by primitives.
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Figure 7.3.1-1: UTRAN side MAC architecture
7.3.2
 Details of MAC-d

For support of E-DCH a new MAC-e flow to MAC-es is added. 
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Figure 7.3.2-1: UTRAN side MAC architecture / MAC-d details
7.3.3
 Details of MAC-c/sh

No changes are required to the UE MAC-c/sh for support of E-DCH.
7.3.4
 Details of MAC-hs

No changes are required to the UE MAC-hs for support of E-DCH.
7.3.5
 Details of MAC-e
There is one MAC-e entity in Node B for each UE and one E-DCH scheduler for each cell. The MAC-e and cell scheduler handle HSUPA specific functions in Node B. In the model below, the MAC-e and cell scheduler comprises the following entities:

· E-DCH Scheduling:
This function manages E-DCH cell resources between UEs. Based on scheduling requests from associated uplink signaling, scheduling assignments are determined and transmitted on associated downlink signaling. Scheduling messages indicate the maximum resource a UE is allowed to use for E-DCH transmission. The detailed scheduling messages are FFS. 
· E-DCH Control:

The E-DCH control entity is responsible for reception of scheduling requests and transmission of scheduling assignments on associated signaling channels.
· De-multiplexing:
This function provides de-multiplexing of MAC-e PDUs. MAC-es PDUs are forwarded to the associated MAC-e flow.
· HARQ:
One HARQ entity is capable of supporting multiple instances (HARQ process) 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. 

· Flow Control:

This is the companion flow control function to the flow control function in the MAC-es. Both entities together provide controlled data flow between MAC-e in Node B and MAC-es in the SRNC.
The associated signalling shown in the figure illustrates the exchange of information between layer 1 and layer 2 provided by primitives.
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Figure 7.3.5-1: UTRAN side MAC architecture / MAC-e details
7.3.6 Details of MAC-es

There is one MAC-es entity in the SRNC for each UE. The MAC-es sublayer handles E-DCH specific functionality, which is not covered in the MAC-e entity in Node B. In the model below, the MAC-e comprises the following entities:

· Reordering Queue Distribution:

The reordering queue distribution function routes the MAC-es PDUs to the correct reordering buffer based on the Queue ID. 

· Reordering:

This function reorders received MAC-es PDUs according to the received TSN. MAC-es PDUs with consecutive TSNs are delivered to the disassembly function upon reception. PDUs are not delivered to the disassembly function if PDUs with a lower TSN are missing. There is one reordering entity for each Queue ID configured.

· Disassembly:

The disassembly function is responsible for disassembly of MAC-es PDUs. When a MAC-es PDU is disassembled the MAC-es header is removed, the MAC-d PDU’s are extracted and delivered to higher layers. 

· Flow Control:

A flow control function exists toward MAC-e in Node B. 
Since RLC requires in-sequence delivery of MAC-d PDUs, a reordering entity, which comprises the corresponding reordering buffers, is located in the MAC. The reordering queue distribution function routes the MAC-e PDUs to the correct reordering buffer. Macro diversity combining is performed in the MAC-es, prior to reordering, in case of soft handover. The detailed reordering functionality is FFS.
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Figure 7.3.6-1: UTRAN side MAC architecture / MAC-es details

- - - End of Text Proposal to 25.309 - - - 
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Figure 4.2.3.2.1: UE side MAC architecture / MAC-d details
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Figure 4.2.3.2.1: UE side MAC architecture / MAC-d details
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