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Introduction

In RAN2#43 it was decided to have multiplexing of data from different MAC-d entities into a single MAC-e PDU as a design goal and investigations were invited.

Discussion

As a general assumption is considered, that MAC-d PDUs of the highest priority channel are selected first to fill a MAC-e PDU.

Demand for multiplexing applies in the case when the MAC-d PDUs of this particular MAC-d flow do not fill the space of the biggest allowed and possible MAC-e PDU and there are MAC-d PDUs of another MAC-d flow of an equal or lower priority channel which are waiting for transmission. 

If the channels have different QoS parameters, these parameters will be reflected in individual QoS related H-ARQ respectively physical channel transmission parameters, as could be (FFS):

Maximum number of retransmissions (resulting from maximum allowed delay, e.g. different for streaming and I/B).

TX power offset (Beta factor), puncturing limit and other transmission/retransmission parameters (resulting from target BLER or target number of retransmissions)


For the multiplexing two generally different scenarios are identified:

Multiplexing of MAC-d PDUs which will get applied identical H-ARQ/physical channel parameters.


Multiplexing of MAC-d PDUs which will get applied mixed H-ARQ/physical channel parameters.

Multiplexing of MAC-d PDUs which will get applied identical physical channel parameters

We see no problem in multiplexing MAC-d PDUs with identical HARQ/physical channel parameters.

Resolving priority issues would be part of the E-DCH-TF selection and priority handling.

Multiplexing of MAC-d PDUs which will get applied mixed physical channel parameters

If the involved MAC-d flows have different HARQ/physical channel parameters, then it is not clear, which of the parameters should be respected for the HARQ processes and in L1. 

A couple of solutions to overcome this problem are discussed below:

(i) Do not allow multiplexing of MAC-d PDUs of different HARQ/physical channel parameters

Depending on the data rate ratio of the channels, this might be a feasible solution in case of a balanced ratio, but it may cause a major capacity waste in the case when the high prior channel is of a very low rate at short constant intervals compared to the lower prior one. Small MAC-e PDUs will be used for many TTIs , even if the UE had requested and got granted a high data rate.

(ii) Allow multiplexing of MAC-d PDUs of mixed HARQ/physical channel parameters of equal or mixed priority data and in the first step select the most applicable parameter set.

The most applicable parameter set could consist e.g. of the lowest maximum number of retransmission, the higher beta factor e.g. in a top down order  - high priority channel first. Of course it has to be taken care, that the parameter set fits the allowed RoT for this TTI.

If the transmission after maximum number of retransmissions is unsuccessful, there are still other options:

 (a) Continue transmission of the whole MAC-e PDU until the next higher number of retransmissions expires and so on.

 (b) Newly transmit the not expired part using the next higher number of retransmissions.

 (c) Discard the data

Depending on the ratio of the amount of data of each flow, both methods (a) and (b) could be beneficial in sense of capacity, so it could be matter of this ratio how to proceed. 
Discarding the data is not seen as a first choice option.

(iii) Do not allow MAC-e multiplexing but reduce the number of retransmissions by allowing dynamic adaptation of the HARQ transmit power for the higher prior channel.

The HARQ in principle has only benefit, if there is a target number of retransmission and therefore the power of the transmissions is selected to fit the BLER target at this target number. But in the case that a MAC-e PDU could not fill the channel capacity and other data are waiting, it can be beneficial to try to transmit this PDU without a retransmission, because each retransmission would further degrade channel capacity. To achieve this, said MAC-e PDU could be transmitted with a power offset added to the normal beta factor for this channel.

(iv) Allow a certain delay for higher prior data.

Not every high priority data have equal strong delay requirements, e.g. conversational data have very strong requirement, while for streaming the delay requirements are more relaxed but still the number of retransmissions will be limited to fit a limited delay variance. Both are GBR traffic and might be characterized by a constant flow of relatively small packets. If these packets are transmitted according their priority, they will use up TTIs while issuing low throughput.

At least for the case of streaming, the allowed delay time variance could be split between a delay time caused by retransmissions (max number of retransmissions) and a certain time in which the UE is allowed to collect data of MAC-d flow and transmit pending low prior data instead. Of course for providing support of GBR, this collection time has to be adapted to the actually allowed TFCs.

To reduce the necessary number of retransmissions, it could be combined with (ii) 

Conclusion

From the discussion above, we conclude, that forbidding but also allowing different methods of multiplexing MAC-d PDUs within a single MAC-e PDU can have benefits.

HARQ and physical channel parameters as well as the ratio and the amount of data on different channels may influence the performance of the selected method. 

Therefore we propose to allow configuration of different methods for the MAC-e multiplexing for E-DCH as long as this does not unreasonable extend the signalling overhead and leave it to the UTRAN to select the appropriate one. 

