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1. Introduction
Several contributions submitted to RAN2#42 discussed the issue of the logical channel multiplexing structure for EUDCH. In this contribution we would like to come to a conclusion on this issue.
2. Requirements

2.1. Fill-frame efficiency
Several contributions ([1], [2]) argued that it should be possible to multiplex data with different priorities into one EUDCH TTI. As [1] indicated:
Of course, some kind of multiplexing would be needed in order to ensure that the new channel can provide adequate delay and frame-fill efficiency. Consider the case where we have a VoIP call with low latency requirements running along-side an FTP upload. If we assume a 10ms TTI, and if VoIP transmissions need to take place every 20ms, this 16kbps stream could occupy one in every two HARQ processes, leading to almost 50% degradation in uplink peak data-rate.

We share the opinion that a solution which does not allow multiplexing of data of different priorities in one EUDCH frame seriously limits the uplink peak data-rate. In addition we think that such a solution will lead to a waste in UL resources since it is almost impossible for the scheduler to take the situation w.r.t. the different priorities into account.

Thus we would like to propose:

Requirement 1:
It shall be possible to multiplex data belonging to different priorities into one EUDCH TTI, i.e. in one MAC-e PDU.
2.2. Need for MAC-d flow ?
In the HSDPA case, the concept of a MAC-d flow was used: the MAC-d flow corresponds to the output of a C/T-mux entity. In Rel99 the MAC-d flow would correspond to the information transported on one transport channel.
One could wonder if it is relevant to support multiple MAC-d flows on EUDCH. We see the following two benefits:
1) 
Comparable multiplexing structure as used in DCH

By having MAC-d flow multiplexing, logical channel id values can be used in EUDCH and DCH. This will ease a multiplexing option of “EUDCH + DCH” which can be used to support mobility inbetween cells supporting EUDCH and cells not supporting EUDCH.

2) 
Transport Network QOS


In HSDPA, one MAC-d flow corresponds to one transport bearer over Iub/Iur. Different Iub/Iur transport bearers can have different QOS-characteristics, especially concerning transport delay. By allowing the EUDCH from one UE to use multiple transport bearers, multiple UTRAN TNL-QOS charateristics can be obtained.

Thus we would like to propose (in alignment with HSDPA):

Requirement 2:
The EUDCH multiplexing architecture shall support the usage of multiple MAC-d flows for one UE.
3. Consequences

3.1. Need for priority queues ?

In HSDPA, the priority queue/re-ordering queue enabled frames received in one HS-DSCH TTI to be handled as one unit in the re-ordering process.  If we allow transmission of different priorities in one EUDCH TTI, this will no longer be possible since data belonging to different priorities will have to end up in different re-ordering queues.

When leaving the limitation of having only data for one priority/re-ordering queue in one EUDCH TTI, we see two possibilities:
a) Allow data for multiple priority queues to be collected in one EUDCH TTI.

b) Forget about the concept of priority queues, and perform the re-ordering on logical channel level.
These options are shown in figure 1:
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Figure 1: EUDCH multiplexing options (option a, option b)
In option a), the MAC-e header will contain the Priority Queue id. In option b), the MAC-e header will contain the MAC-d flow id. In both options, a MAC-d PDU will contain the logical channel id. 
Option a) allows the possibility to work with a number of re-ordering queues smaller than the number of logical channels multiplexed on EUDCH. E.g. one could think of a configuration with 5 logical channels multiplexed on only 3 priority queues (compare option a) and b) shown in figure 1). The benefit of this possibility depends on the number of logical channels from one MAC-d flow typically mapped to one and the same priority: i.e. if only 1 logical channel per MAC-d flow typically has the same priority, no gain is obtained. However it is expected that typically several logical channels in one MAC-d flow will be using the same priority (e.g. different background services mapped to the same MAC-d flow).
Option b) allows the possibility to reorder RLC PDUs using RLC SN, which could give us bandwidth saving due to not using TSN. However reordering based on RLC SN poses some problems to be solved e.g. distinguishing retransmission and new transmission, insequence delivery of CONTROL PDUs [3]. So the feasibility of RLC SN based reordering is not clear yet. 
When comparing both options, the following can be noted:
1) Option a) is better in terms of simplicity. The multiplexing architechure is exactly what we have in HSDPA, and the number of priority queues are minimized.
2) Option b) could be better in terms of bandwidth usage. If TSN is not used, we can save several bits per MAC-e PDU. 
Considering that small bandwidth saving is not really significant in high speed channels like EUDCH, our preference is to go for option a). As a result, a multiplexing structure quite similar as the multiplexing structure used for HS-DSCH is proposed, the only deviation being support for transport of data from multiple priority queues in one MAC-e PDU.
3.2. Resulting MAC-e PDU structure
The resultingMAC-e PDU structure will have to contain the following information:

1) Number of Priority Queues whose MAC-d PDUs are concatenated in a MAC-e PDU
2) Priority queue to which the MAC-d PDUs belong

3) Size of the MAC-d PDU (SID)
4) Number of MAC-d PDUs which have the same size
In order to avoid duplication of information, this information would not necessarily be included per MAC-d PDU, but could be included per group of MAC-d PDU’s to which the same size/priority queue is applicable.

Assuming a 3 bit SID field ,7 bit N field, and max 8 priority queues, a maximum overhead of 13 bits per MAC-d  PDU group would be the result. Assuming a MAC-d PDU size of 320 or 640 bits, this seems acceptable.

One possible MAC-e PDU structure is shown in figure 2
:
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Figure 2: Possible MAC-e PDU structure

4. Proposal
It is proposed to agree on:

1) EUDCH requirement: It shall be possible to multiplex data belonging to different priorities into one EUDCH TTI, i.e. in one MAC-e PDU.

2) EUDCH requirement: The EUDCH multiplexing architecture shall support the usage of multiple MAC-d flows for one UE.

3) The EUDCH logical channel multiplexing architcture as shown in figure 1, option a).
4) The MAC-e PDU shall contain information so that for each MAC-d PDU, the MAC-d PDU size and the priority queue to which it belongs can be derived.
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� This example MAC_e PDU structure does not consider sequence number information.
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