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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 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
[image: ]
(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 supported without any problem. For the case of same carrier, transient period should be defined such that the performance degradation of PUCCH is minimized.
Case 2 series can be realized when the duration of the scheduled data is equal to the duration of the PUCCH. 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 series could be controversial. Due to different transmission durations, power-control may be complicated. For NR, carrier aggregation with component carriers having different subcarrier-spacing and/or different transmission durations would be necessary. Therefore, necessary specifications to enable case 3-3 and case 3-4 will be covered by carrier aggregation with different subcarrier-spacing and/or different transmission durations. Besides, case 3-2 is transparent to the UEs and hence will be enabled. Therefore, the question is whether the case 3-1 is necessary. Multiple handling can be considered, e.g., keep the long-PUSCH (drop the short-PUCCH), puncture the long-PUSCH (transmit the short-PUCCH), 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.
Regarding case 3-1 and case 5-1, simplest way is to drop PUSCH when they are overlapped. However, dropping the whole PUSCH could result in a lot of waste of data. We would like to keep the door open to the specific optimization until exact channel structures and/or UE procedures for transmitting these channels clearer.
Proposal:
· Support all the cases except for case 3-1 and case 5-1.
· 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 except for case 3-1 and case 5-1.
· How to handle case 3-1 and case 5-1 should be considered later.
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