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1.
Introduction
During the joint RAN1/RAN2 meeting on Rel-6, it was agreed to retain the concept of MAC-d flow. From an RRM point of view, the MAC-d flow will represent the logical unit to which specific PHY/HARQ QoS characteristics can be assigned. Therefore, if two logical channels are mapped onto the same MAC-d flow they will be provided the same QoS from the lower layers. 
There were also some discussions on the methodology for mapping logical channels onto re-ordering entities (we use this terminology to refer to the peer re-ordering protocols). The conclusion however, is circular and does not really provide much in terms of advancing the EUL design.
Based on these discussions, we therefore identified two open questions:

· How are logical channels mapped onto re-ordering queues?

· Should it be possible to multiplex data from different MAC-d flows and/or re-ordering queues onto the same MAC-e PDU?
In this document we provide a short discussion on each of these topics and propose a way forward.
2.
HSDPA Scheme
In HSDPA, each re-ordering queue corresponds to a single MAC-d flow. However, each MAC-d flow can be associated with multiple re-ordering queues. Each PDU from a logical channel can be mapped onto any of the re-ordering queues associated with the MAC-d flow on which the logical channel is mapped. Of course, it is assumed that the UTRAN will adopt a prioritization strategy that ensures proper in-sequence delivery of RLC data.

In terms of multiplexing, only data coming from a single re-ordering queue can be sent in the same transmission. As a result, only data from one MAC-d flow can be sent at a time. This scheme is not very good from the point of view of frame-fill efficiency, but its effects are mitigated because of the possibility to allocate the remaining resources to other users and also to re-schedule the same user quickly thanks to the use of short frames.
3.
Logical channel mapping to re-ordering entities

We have already defined one logical channel grouping based on the MAC-d flow. The question now is whether there is any need for defining a different grouping based on the re-ordering entity. Of course, it does not make much sense to have multiple MAC-d flows mapped onto the same re-ordering entity. If MAC-d flows have different QoS characteristics (e.g. delay), putting them on the same re-ordering layer would essentially align the delay to that of the MAC-d flow with the highest delay tolerance. 
Supporting multiple re-ordering entities for a single MAC-d flow might give a slight performance gain by allowing statistical delay variations within the HARQ protocol to be exploited in reducing the delay for a given RAB. However, considering that each application file is bound to take up multiple transmissions, and that the average delay on a given MAC-d flow will be the same for all logical channels, we do not see that this provides much of an advantage.
Note that contrary to MAC-hs, there is no need for buffering at MAC-e level since on uplink the MAC termination point is collocated with the RLC termination point. Therefore, priority queues will not be needed to eliminate buffering delays, the prioritization can be taken into account directly at the time of scheduling. The only case in which this could prove useful is if we want to allow pre-emption either at L1 or L2 level. However, in [1] it is argued that pre-emption does not gain much in terms of delay.
Therefore, we propose to support one re-ordering entity per MAC-d flow. This would allow to keep the number of queues to consider to a minimum. 
4.
Multiplexing of MAC-d flows in a MAC-e PDU

Allowing the multiplexing of data from different MAC-d flows within the same MAC-e PDU would help provide better frame-fill efficiency and therefore user data-rates. This is especially critical for the 10ms TTI setup, where the frames can get quite large and where only three interlaces are expected to be used. 

The cost for supporting this depends on the details of the multiplexing scheme. In principle, if we use variable length headers, as we did for MAC-hs, a single bit should give the possibility to indicate whether data from another MAC-d flow is included in the transmission. This seems acceptable from the point of view of user experience.

Since there is only one E-DCH transport channel, it is only possible to associate one set of QoS characteristics for the entire transmission. This raises questions with regards to selecting the QoS characteristics for the MAC-e transmission as well as with the multiplexing to enable.

From the point of view of the transmission configuration, the only way to satisfy the QoS requirements of all the data is to always use the configuration that satisfies the most demanding requirements. 
From the point of view of MAC-d multiplexing, the simplest would be to allow the multiplexing together of any set of MAC-d flows. However, we should take into account the fact that higher delay and residual error tolerance always lead to better physical layer performance. Therefore, aligning the QoS attributes of the E-DCH transport channel to those of the most demanding application will impact system performance. 

Note that the effect on system capacity depends on the scheduling scheme. Schemes that rely on statistical characteristics, such as rate-scheduling are likely to benefit the most from restricting some multiplexing combinations. Time and rate scheduling would likely benefit less, as it attempts to allocate ROT resources exactly rather than relying on statistical multiplexing.

By allowing UTRAN to control when this multiplexing can take place, it is possible to trade-off user experience vs. system capacity.
5.
Proposal
It is proposed to agree on the following:

· Assume one re-ordering entity per MAC-d flow;

· Allow the multiplexing of data from different MAC-d entities within the same MAC-e PDU;
· Configure the E-DCH with the parameters required to achieve the requirements of the most demanding data sent in the transmission;

· Allow to configure the QoS characteristics with which data from each logical channel can be transmitted.
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