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Preface

In this document we discuss different MAC multiplexing procedures. Currently the TR [1] describes that the multiplexing of several logical channels on the same transport channel is possible. However, the multiplexing of several logical channels on several transport channels is FFS.
This contribution discusses 4 different options for MAC multiplexing and evaluates the pros and cons.

To shortly summarize the outcome of our discussion, we propose to decide between a HSUPA like solution and a solution which uses multiple transport channels.
Discussion
The multiplexing of logical channels onto transport channels can be grouped into options which make use of only one transport channel and options which consider more than one transport channels. Furthermore, as in Rel6, we have the possibilities of MAC PDUs from a single QoS flow within the transport block per TTI and multiple MAC PDUs which belong to different QoS flows in the TB. This leads to following options.
One transport channel:

1. HSDPA like solution (1TB with variable TB size)
This option is similar to HSDPA. Each TB contains one ore more MAC PDUs with the same priority. Padding has to be performed, if the TB size does not match the physical block size.
Pros: Transmission parameters (number of retransmissions and power) can be optimised for the QoS flow. The signalling overhead will be smaller (no different QoS flows within the TB).
Cons: In case a UE has multiple services (QoS flows) the MAC PDUs of the different QoS flows must be transmitted within different TTIs. This will delay QoS flows even if they have high (but not the same) priority. Therefore the delay depends also on the QoS definition. If QoS is defined by many parameters some of them may use the same priority queue and therefore similar QoS flows might be delayed. It is assumed that MAC PDUs of same priority of the same UE will be in the same priority queue. Furthermore this option reduces the scheduler flexibility. If the size of the coded TB does not match a multiple of the minimum resource block size padding is needed. For services with small (compressed) packet sizes this can result in noticeable overhead. The mentioned inefficiency depends on the definition of the minimum resource block size. This option does not allow for reducing this overhead by adding MAC PDUs of a different service into the same TB.
2. HSUPA like solution (1TB containing MAC PDUs of different QoS flows)

This option is similar to HSUPA. MAC PDUs of different QoS flows of a single UE may be multiplexed within the same TB. The feedback belongs to the TB.
Pros: Multiplexing of MAC PDUS belonging to different QoS flows allows for faster transmission of the  PDUs  since they do not have to be transmitted on different HARQ processes and therefore in different TTIs. It also allows for higher scheduler flexibility than option 1. This may reduce the need for padding as the size of the combination of PDUs might match the allowed physical resource block sizes better.
Cons: The drawbacks known from HSUPA Rel6 must be accepted (transmission with power of MAC PDU which requires the highest power of all MAC PDUs in the TB, retransmission with highest number of retransmissions of all MAC PDUs in the TB). Furthermore the signalling overhead will be higher.
3. CCTrCH  solution ( 1 or more TB containing MAC PDUs of different QoS flows which may be coded differently)

This solution is similar to the CCTrCH concept. Each QoS flow of a UE would represent the RB.
Pros: This option allows for very flexible scheduling. Since the TBs of each QoS flow may be coded differently the transmission may be improved for different QoS flows. As in option 2 padding might be reduced compared to option 1. Because of CRCs which are added to each TB separate feedback for single TBs can be envisaged alternatively.
Cons: TFCS handling is needed. Since HARQ is below multiplexing, retransmission with highest number of retransmissions of all MAC PDUs in the TB is required. 
More than one transport channel:

4. Multiple TrCH solution

In this option it is assumed that several TrCH transmit MAC PDUs from different QoS flows. More than 1 TB would be transmitted in parallel.
Pros: This option allows for transmission of TB of different QoS flows in the same TTI and avoids therefore the delay of option 1. Furthermore different coding can be applied to the QoS flows as in option 3. Very flexible scheduler operation is possible. In opposite to the other options feedback may be sent separately for the MAC PDUs of different QoS flows. Therefore unnecessary retransmissions of multiple PDUs can be avoided. The gain over option 2 in terms of parallel TB transmission depends of course on the TTI length.
Cons: The signalling load for feedback is higher and the feasibility of this option needs to be confirmed by Ran1. The UE needs to cope with more than 1 HARQ process at the same time.

Conclusion
Four multiplexing options have been discussed. They differ in terms of padding, delay, signalling overhead and HARQ retransmissions.
Option 1 has turned out to be rather inflexible.

Option 2 allows for modelling option 1 as well, therefore it is more flexible than option 1.

Option 3 adds flexibility for the scheduler but requires the handling of a TFCS which will add complexity to the system.

Option 4 is very flexible but adds signalling load for feedback. The gain over option 2 might be rather low in case of short TTIs.
From the discussion it can also be concluded that is not precluded to use all options both in UL and DL.

We propose to discuss the mentioned options with the focus on option 2 and option 4 where the same solution in both UL and DL seems feasible and to add these options to the TR.
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