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Introduction

At RAN#23 plenary the work item on High Speed Uplink Packet Access (HSUPA) was created. The goal of this work item is the improvement of the performance of uplink dedicated transport channels in UTRA FDD. During the study item phase the RAN study has shown that various techniques like Node-B controlled scheduling, shorter TTI and a hybrid ARQ layer in the Node-B, can enhance the uplink packet transfer performance significantly compared to Rel99/Rel4/Rel5.

This contribution presents a text proposal for a HSUPA protocol and MAC architecture, based on the decisions made so far.
--------------------- Start of text proposal --------------------------------------

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, scheduling and MAC-e multiplexing. Furthermore the TF selection for the enhanced dedicated transport channel is done in MAC-e.
Node B

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

A new functionality is added in MAC entity in the SRNC to provide in-sequence delivery (reordering), MAC-e demultiplexing  and to handle combining of data from different Node Bs in case of soft handover. This new entity is referred to as MAC-es.
The resulting protocol architecture is shown in Figure 6.1-1:
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Figure 6.1-1: Protocol Architecture of E-DCH

7
MAC architecture

7.2
MAC architecture – UE side

7.2.1 Overall architecture

The overall UE MAC architecture, which is shown in Figure 7.2.1.1, includes a new MAC-e entity. This MAC-e controls access to the enhanced dedicated transport channel. A new connection from the MAC-d to the MAC-e entity is added to the architecture. All data, which will be transmitted on E-DCH, passes the MAC-d entity.
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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-e is added to the MAC-d entity. 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

The support of E-DCH requires no changes to the UE MAC-c/sh entity
7.2.4 Details of MAC-hs

 The support of E-DCH requires no changes to the UE MAC-hs entity.
7.2.5
Details of MAC-e

There is one MAC-e entity on UE side.
The MAC-e entity in the UE handles the E-DCH specific functionalities. 
The scheduling/Priority handling entity allocates HARQ processes to the data flows (MAC-d flows) according to their QoS parameters and priorities. Furthermore this function generates scheduling related control signaling like rate requests, which are sent to Node B.
The selection of an appropriate transport format for the transmission of data on E-DCH is done in the TF Selection functional entity. The transport format selection is based on the available transmit power, priorities, e.g. logical channel priorities, and associated control signaling (HARQ and scheduling related control signaling) received from Node B.
The HARQ entity handles the retransmission functionality for the user. One HARQ entity supports multiple HARQ processes. The HARQ entity handles all HARQ related functionalities required. 
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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
The overall architecture on UTRAN side includes a new MAC-e entity and MAC-es entity. The MAC-e entity is located in Node and is connected to the MAC-es entity, which is located in SRNC. MAC-es is connected to MAC-d.
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Figure 7.3.1.1: UTRAN side MAC architecture
7.3.2 Details of MAC-d

A connection from the MAC-es entity to the MAC-d entity is added. MAC-d receives the MAC-d flows from the MAC-es.
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Figure 7.3.2.1: UTRAN side MAC architecture / MAC-d details
7.3.3
Details of MAC-c/sh
The support of E-DCH requires no changes to the UE MAC-c/sh entity.
7.3.4
Details of MAC-hs
The support of E-DCH requires no changes to the UE MAC-hs entity.
7.3.5 Details of MAC-e

Since the E-DCH is a dedicated transport channel it is proposed to have one MAC-e entity in the Node B for each UE.

This new MAC-e in Node B handles E-DCH specific functions.

The HARQ entity is responsible for the generation of ACKs/NACKs indicating the reception status of the E-DCH transmission. The HARQ entity handles all HARQ related functionalities required.

The E-DCH control entity is responsible for the signaling of the HARQ and scheduling related control signaling. The scheduler itself, which is responsible for controlling the transmissions of all UEs in a cell on E-DCH, is an implementation issue. The scheduling is based on control signaling from the UEs, received by the E-DCH control entity, and the available RoT margin at the Node B.
A Flow Control functional entity in Node B respectively MAC-es in S-RNC controls the data flow between the MAC entities.     
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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.
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.The detailed reordering functionality is FFS.
Macro diversity combining is performed in the MAC-es, prior to reordering, in case of soft handover. 
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Figure 7.3.6.1: UTRAN side MAC architecture / MAC-es details
--------------------- End of text proposal --------------------------------------

Conclusion
In this contribution we presented a text proposal for a HSUPA protocol and MAC architecture, which covers the new functionalities considered as enhancements for the uplink dedicated transport channel. It is proposed to discuss the protocol and MAC architecture based on this text proposal and if there is an agreement on that, to capture it in TS 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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