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Discussion
1 Introduction
2 
At RAN2#51, the MAC multiplexing structure was discussed a lot. Some basic principles have been agreed and introduced into 25.813.But the L1 mux of HARQ process is still FFS.This contribution will compare different L1 multiplexing schemes by comparing some MAC related issues, such as scheduling performance, flexibility and complexity etc.
3 Discussion
The following schemes are discussed and analyzed.
2.1 Scheme1: one TrCH, one TB, no priority queue (flow) multiplexing
For each UE, only one TB through one TrCH per TTI is permitted. Simultaneously, one TB contains data only from one priority queue, which is similar to HSDPA. This is explained in figure1.
Pros: Scheduling is simple due to the one to one mapping between TB and priority queue. The TB header and associated control signaling overhead are small.
Cons: Scheme1 may lead to scheduling and transmission inefficiencies when one or more retransmission for a given UE are pending and when a new transmission need to be multiplexed with one or more retransmissions, as concluded in [1]. Since priority queue within one UE is prohibited to be transmitted at the same time and only multiplexing between UEs are permitted, the scheduling performance and flexibility may decrease especially when channel-dependent scheduling strategy is adopted.
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Figure1: One TB per TTI, no priority queue multiplexing

2.2 Scheme2: one TrCH, one TB with priority queue (flow) multiplexing

For each UE, only one TB through one TrCH per TTI is permitted. But one TB may contain data from multiple priority queues, which means different QoS data flow can be multiplexed into one HARQ PDU, which is similar to HSUPA. This is explained in figure2.
Pros: Since data from multiple queues of one UE can be transmitted simultaneously, the scheduling performance and flexibility may be guaranteed. The associated control signaling is also small because only one TB is permitted per TTI.
Cons: The QoS control or fairness is degraded. Queue id (or flow id) need to be added in the HARQ PDU header, which increases overhead.
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Figure2: One TB per TTI with priority queue multiplexing

2.3 Scheme3: multiple TrCHs, multiple TBs, no priority queue multiplexing.
For a given UE, multiple TBs can be transmitted within one TTI. Each TB carries data only from one priority queue and is associated with one TrCH. This is explained in figure3.
Pros: The scheduling performance and flexibility can be obtained because both QoS flow within one UE and flows from different UEs can be considered at the same time. QoS control is clear due to one to one mapping between priority queue (QoS flow) and TB(HARQ PDU). The TB header overhead is small since no flows can be multiplexed into one HARQ PDU. Another benefit is that multiple retransmissions can be triggered within one TTI.
Cons: Multiple decoding/coding chains per TTI should be supported by the UE. One or more control channels (e.g. SCCHs) need to be decoded simultaneously. The system may need config more control channels to guarantee the scheduling efficiency. More HARQ processes are needed to support continuous transmission for N-SAW HARQ protocol, which may also increase the signaling overhead.
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Figure3: Multiple TBs per TTI , no priority queue multiplexing

4 Other related issues
The following issues should be further studied when determining the final L1 multiplexing scheme.
· Influence of different multiplexing schemes on the synchronous HARQ and asynchronous HARQ. When synchronous HARQ scheme is adopted, scheme3(multiple TBs per TTI) may lead to ambiguity when calculating the process id.
·  Influence of different multiplexing schemes on the dynamic TTI.
5 Conclusions and Proposals
This contribution compares different L1 multiplexing schemes. It’s our proposal that the scheduling performance/flexibility, signaling and PDU header overhead, UE realization complexity, and QoS management flexibility should be evaluated synthetically when determining the final multiplexing scheme. 
In our opinion, the requirement of transmitting data from different priority queue (QoS flow) of one UE within one TTI should not be excluded. Whether scheme2 or shceme3 is adopted need to be further studied.
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