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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 proposal for a MAC architecture which supports the considered techniques for HSUPA.
Protocol Model

Node B controlled scheduling and Node B controlled Hybrid ARQ, considered as techniques to improve the performance of uplink dedicated transport channels, require the introduction of new MAC functionalities. It is proposed to introduce a new MAC entity, referred to as MAC-e, which contains these E-DCH specific new functionalities.

This new MAC entity is added to the Rel99/Rel4/Rel5 MAC sublayer on UE and network side. In TR25.896 an exemplary protocol model for the E-DCH transport channel is presented. On UE side the new MAC-e entity is added below MAC-d. On network side MAC-e is introduced in Node B. In case that inter-Node B soft handover is supported for E-DCH, it is proposed that macro diversity selection combining and reordering operation take place in the S-RNC. Locating the reordering entity in the Node B would cause unnecessary delay in a soft handover scenario. Packets would have to go through independent reordering entities at the active set Node Bs. Hence this option would cause unnecessary reordering delay at the Node Bs for packets that may have been already received at the S-RNC. This macro diversity selection combining and reordering functionality is covered by a MAC entity, which is introduced in S-RNC. In [1] this MAC entity is referred to as MAC-es. In case inter-Node B soft handover is not supported no new MAC functionality in S-RNC is required and the reordering would take place in MAC-e of Node B.

MAC Architecture

A more detailed model of the MAC layer for E-DCH can be based on the MAC-d model in Rel5. Figure 1 shows a proposal of a MAC model for UE side.

MAC architecture on UE side

The E-DCH is intended to transmit dedicated transport and control logical channels. Since the MAC-d entity is responsible for mapping dedicated logical channels to the transport channels, it is proposed that the MAC-d entity has a connection to the new MAC-e entity, similar as the connection in HSDPA between MAC-d and MAC-hs. All data, which will be transmitted on E-DCH, passes the MAC-d entity.

The MAC-e sublayer 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. The HARQ entity handles the retransmission functionality for the user. One HARQ entity is capable of supporting multiple HARQ processes when employing a N-channel stop and wait HARQ protocol. The selection of an appropriate transport format for the transmission of the data on E-DCH is done in MAC-d entity jointly with TFC Selection for Rel99/4/5 DCH(s). Since TFC Selection for E-DCH requires some interaction with Rel5 TFC Selection, it might not be preferable to perform TFC Selection in different MAC entities. In [2] TFC selection for HSUPA is discussed in more details.

The scheduling/priority handling and TFC selection is based on associated control signalling (HARQ and scheduling related control signalling) received from Node B via L1 signalling. 

We assume here that there is only one Node B controlled E-DCH transport channel per user. It is possible to multiplex different MAC-d flows at MAC-e to the same transport channel. The MAC flows can have different priorities. According to the current specifications the handling of the priorities is such, that the UE shall always maximize the transmission of higher priority data. Since RLC TM mode is mainly used for very delay-sensitive traffic like speech, we assume here that RLC operates in either AM or UM for services using the E-DCH. Hence no ciphering is necessary in the MAC-e entity.  
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Figure 1: proposed MAC model of E-DCH - UE side

MAC model on UTRAN side

In figure 2 a proposal for the MAC model on UTRAN side for the case of non inter-Node B soft handover is shown. As already mentioned before, in case inter-Node B soft handover is not supported for E-DCH the MAC functionality is added to a new MAC entity in Node B, referred to as MAC-e. In case inter-Node B soft handover is supported in HSUPA the reordering takes place in the MAC-es entity introduced at S-RNC. This case is shown in figure 3. 

There is only one MAC-e entity in Node B for each cell that supports E-DCH transmission. This new MAC-e in Node B contains multiple HARQ entities, one for each user that is associated with the cell served by that Node B. The HARQ entity is responsible for handling the MAC functions relating to the HARQ protocol. It is responsible for generating ACKs or NACKs. Each HARQ box in the MAC-e entity in Node B represents a user. The MAC-e entity at Node B also comprises a scheduler entity, which controls, within the limits set by the RNC, the set of TFCs for the E-DCH transport channels from which the UE may choose a suitable TFC. The scheduling is based on control signaling (scheduling requests) sent from the UEs and the available RoT margin at the Node B. Since RLC requires in-sequence delivery of MAC-d PDUs, a reordering entity, which comprises the corresponding reordering buffers, is required on MAC sublayer. In case of inter-Node B soft handover the reordering should take place in the S-RNC as illustrated in figure 3. When no inter-Node B soft handover is supported the reordering entities are located in the MAC-e in Node B. Again one Reordering box corresponds to one UE. A Flow Control functional entity in Node B respectively S-RNC controls data flow between the MAC entities.     
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Figure 2: proposed MAC-model for non inter-Node B soft handover case - UTRAN side
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Figure 3 proposed MAC-model for inter-Node B soft handover case - UTRAN side

Open issues

As already mentioned before, there are some options, which should be discussed at an early stage since they will have an impact on the overall MAC architecture. Main issues, which should be decided, are: 

· Number of E-DCH transport channels

· Location of TFC Selection for E-DCH 

· Support of inter-Node B soft handover 

· Location of reordering entity

Conclusion
In this contribution we presented a proposal for a MAC architecture of E-DCH, which covers the new functionalities considered as enhancements for the uplink dedicated transport channel. Furthermore open issues, which will impact the overall architecture, were pointed out. It is proposed to discuss these options first and then start discussion on MAC architecture and functionalities for HSUPA based on this proposal.     
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