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1. Introduction
A detailed description of the architecture for MAC-e is presented with functional partition at the UE, Node B and SRNC.  It is assumed there will be corresponding MAC-d flows to the MAC-e/es similar to the case of the MAC-hs.
2. MAC-e/es Architecture – UTRAN side
There is one MAC-e entity in each UE and one corresponding MAC-e entity in the NodeB for each UE. In order to allow Soft Handover operations, some functionality (e.g. reordering) needs to be moved to the SRNC. A new MAC-e sublayer, called MAC-es, is introduced in the SRNC. It is proposed to have one MAC-es in the SRNC per UE.  The MAC-e is mainly responsible for assisting each UE in the cell in the successful transmission of EDCH data (scheduling), for processing the data transmitted on the E-DCH and sending them to the RNC. Furthermore, the MAC-e at the UTRAN is responsible for the management of the physical resources allocated to HSUPA.   MAC-e and MAC-es architectures at the UTRAN are described in Figure 1.  It can be noted that the MAC-e architecture in the UTRAN is similar to the MAC-hs entity in the UE apart for the scheduling entity.    
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Figure 1: UTRAN side MAC-e architecture / MAC-e details
The MAC-e in the Node B handles the HSUPA specific functions. In the model the MAC-e comprises the following entities:
· Scheduling: There is a single Scheduling entity per cell to schedule all UEs within that cell. Scheduling entity is based on TFC subset allowed by the RNC and depends on demands from UEs in the serving cell and uplink SNR at the Node B. There may be different types of scheduling: Rate Scheduling and, Time and Rate scheduling. The scheduling entity at the Node B must also be able to process the scheduling uplink signalling sent by all UEs in the serving cell and provide grants for rate transmission and, time and rate transmission to each UE.  In addition the Scheduling entity at the Node B should be able to handle cell overload conditions using downlink signaling. 

· HARQ: One HARQ entity handles the hybrid ARQ functionality for one user. One HARQ is capable of supporting multiple instances (HARQ processes) of stop and wait HARQ protocols. The detailed HARQ procedure is [ffs]  
· De-Multiplexing: Distribution and transmission of data to MAC-es via Iub interface depending on MAC-d flow Id.
The MAC-es in the SRNC handles the HSUPA specific functions. In the model the MAC-es main functions are:
· Reordering: Deliver MAC-e PDUs to MAC-d flow based on received Transmit Sequence Number. 

· Support selective combining function in case of SHO

3. MAC-e Architecture UE side
The MAC-e handles the HSUPA specific functions. In the model in Figure 2 the MAC-e comprise the following functions: 
· Insertion of the Sequence Number in order to support transmission.

· Multiplexing and priority handling. Priority handling is described in more details in [2].
· HARQ: One HARQ is capable of supporting multiple instances (HARQ processes) of stop and wait HARQ protocols. It is responsible for generating ACKs or NACKs. The detailed HARQ procedure is [ffs]

· TFRC selection: Based on Grants (both absolute and relative) from serving cell and on UE power margin, Selection of an appropriate transport format and resource combination for the data to be transmitted on EDCH. The UE should also check the overload status from non-serving cell when doing the TFRC selection as described in [6].


Figure 2: UE MAC –e Architecture / MAC-e details
4. Conclusion
The architecture of the MAC-e/es has been presented for the UTRAN and UE side.   The detailed architecture is based on the following:
· Scheduling characteristics at the MAC have been described with the partition of functions at the UE and the UTRAN based on requirements for scheduling, time and rate scheduling and the ability to handle cell overload conditions.
· MAC-e functions such as reordering and disassembly reside in the MAC-es at the SRNC in order to support Soft Handover.
· Multiplexing of different MAC-d flows within one TTI 
· Pre-configuration of a list of multiplexing combinations of priorities and their associated QoS characteristics from which the UE can choose before transmitting.
It is proposed that the architecture details of the MAC-e/es and the basic principles summarized above be included in the stage 2 specification. 
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