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1. Introduction
In this contribution, we discuss how NR supports multiplexing between PUCCH and PUSCH.

2. All possible cases PUCCH and PUSCH multiplexing
So far, RAN1 agreed to support various transmission durations for PUCCH including long-PUCCH and short-PUCCH. Besides, RAN1 agreed to support various transmission durations for PUSCH. Also, it was agreed to support carrier aggregation and dual connectivity. Taking into account all these aspects, RAN1 should clarify which combinations of PUCCH and PUSCH multiplexing should be supported or should be prohibited.
All possible cases are listed below:
· Case 1: TDM b/w PUCCH and PUSCH
· For the same carrier of the given UE (1-1)
· For the same carrier of different UEs (1-2)
· For different carriers of the given UE (1-3)
· For different carriers of different UEs (1-4)
· Case 2: FDM b/w short-PUCCH and PUSCH having the same transmission duration
· For the same carrier of the given UE (2-1)
· For the same carrier of different UEs (2-2)
· For different carriers of the given UE (2-3)
· For different carriers of different UEs (2-4)
· Case 3: FDM b/w short-PUCCH and PUSCH having the different transmission durations
· For the same carrier of the given UE (3-1)
· For the same carrier of different UEs (3-2)
· For different carriers of the given UE (3-3)
· For different carriers of different UEs (3-4)
· Case 4: FDM b/w long-PUCCH and PUSCH having the same transmission duration
· For the same carrier of the given UE (4-1)
· For the same carrier of different UEs (4-2)
· For different carriers of the given UE (4-3)
· For different carriers of different UEs (4-4)
· Case 5: FDM b/w long-PUCCH and PUSCH having the different transmission durations
· For the same carrier of the given UE (5-1)
· For the same carrier of different UEs (5-2)
· For different carriers of the given UE (5-3)
· For different carriers of different UEs (5-4)
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(a) Case 1: TDM b/w PUCCH and PUSCH
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(b) Case 2: FDM b/w short-PUCCH and PUSCH having the same transmission duration
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(c) Case 3: FDM b/w short-PUCCH and PUSCH having the different transmission durations
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(d) Case 4: FDM b/w long-PUCCH and PUSCH having the same transmission duration
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(e) Case 5: FDM b/w long-PUCCH and PUSCH having the different transmission durations
Fig. 1	Possible multiplexing between PUCCH and PUSCH.

3. Views
Case 1 series are the same as for PUSCH and SRS multiplexing for LTE and hence can be supported without causing extra issue. Transient period should be carefully designed such that consecutive PUCCH and PUSCH will not interfere each other; for example, if the transient period of PUCCH is outside of the PUCCH duration, when a high MCS (e.g., 64QAM with R=8/9) and higher-order MIMO (e.g., 4-layer) is used for PUSCH, the performance degradation of PUSCH due to the interference from the PUCCH may not be negligible.
Case 2 series can be realized by using non-slot-based PUSCH scheduling (a.k.a mini-slot scheduling). RAN1 agreed to support data duration of 1 symbol and more. Therefore, for PUCCH having any duration, PUSCH having the same duration is available.
[bookmark: _GoBack]Case 3 has some controversial sub-cases, i.e., case 3-1 and case 3-3. Due to partial overlap of different transmissions, power-control may be complicated. Case 3-1 is more challenging than case 3-3 since within a carrier, transient period of one transmission impacts on the performance of the other transmissions. For NR, carrier aggregation with component carriers having different subcarrier-spacing and/or different transmission durations is supported. Therefore, necessary specifications to enable case 3-3 would be covered by carrier aggregation with different subcarrier-spacing and/or different transmission durations. Besides, case 3-2 and case 3-4 is transparent to the UEs and hence will be enabled. Therefore, the question is whether the case 3-1 is supported. Multiple handling can be considered, e.g., (1) piggyback the UCI on the PUSCH (and drop the short-PUCCH) [2], (2) shorten the PUSCH (transmit the short-PUCCH), (3) transmit both of them with appropriate power-control, etc.
Case 4 series are already supported by LTE, and also for NR, support of them was agreed before.
Case 5 series has the similar discussion points as in case 3 series. The question is whether case 5-1 is necessary. The possible options could be, e.g., (1) piggyback the UCI on the PUSCH (and drop the long-PUCCH), (2) shorten the PUCCH (to be aligned with the PUSCH), (3) transmit both of them with appropriate power-control, etc.
Considering the non-slot-based scheduling is supported, in which case data can start at any OFDM symbol and can span various durations, better to support different timing/duration for PUSCH and PUCCH. Therefore, both case 3-1 and 5-1 should be supported. The exact solutions should be considered further taking into account PUSCH/PUCCH channel structures, scheduling/HARQ procedures, etc.
Proposal:
· Support all the cases illustrated in Fig. 1.
· How to handle case 3-1 and case 5-1 should be considered later.
4. Conclusion
In this contribution, we discussed the different cases for multiplexing between PUCCH and PUSCH in NR system. Following proposals were made:
Proposal:
· Support all the cases illustrated in Fig. 1.
· How to handle case 3-1 and case 5-1 should be considered later.
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