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1. Introduction
In RAN1#88bis, the design of physical uplink control channel was discussed with following agreements:
Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

In this contribution, we further discuss the multiplexing of short PUCCH and long PUCCH in one slot.
2. Discussion

One problem for this case is how to design the scalable channel structure of long PUCCH (especially for large payload size) to support simultaneous transmission of short PUCCH and long PUCCH, since gNB may have no scheduling information about short-PUCCH when long-PUCCH is scheduled. One example is shown in Figure 1, 7-symbol PUCCH is scheduled for HARQ-ACK bits corresponding to eMBB PDSCHs in slot n, and a short-PUCCH is scheduled for HARQ-ACK bits corresponding to URLLC PDSCH in slot n+2.
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Figure 1. HARQ-ACK bits to be fed back in one slot

The following options can be further studied to support multiplexing of short-PUCCH and long-PUCCH in one slot:
· Option 1: Long-PUCCH and short-PUCCH are simultaneously transmitted on their respective resources.
· Resource collision should be avoided by gNB scheduling.

· How to reduce the impact on the performance of long-PUCCH for power-limited scenario should be considered.

· Option 2: Long-PUCCH is transmitted on shortened format, and short-PUCCH is transmitted on its resource.

· How to modify the configuration of long-PUCCH without unambiguity should be considered at least for more than 2 UCI bits.

· Using shortened format whether the detection loss of long-PUCCH is acceptable should be considered.

· Option 3: Short-PUCCH is transmitted on the RS symbol(s) located in the end of long-PUCCH, as shown in Figure 2.
· Short-PUCCH is firstly detected, and then short-PUCCH can be used for channel estimation for long-PUCCH.
· The bandwidth of short-PUCCH is not less than the bandwidth of long-PUCCH.
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Figure 2. Short-PUCCH is transmitted on RS symbol(s) of long-PUCCH

Comparing to option 1 and 2, the main advantages of option 3 are high resource efficiency and less additional design. Based on the above analyses, we have following proposal:

Proposal: Short-PUCCH is transmitted on the RS symbol(s) located in the end of long-PUCCH should be considered.
3. Conclusions
In this contribution, we show our views on the multiplexing of short PUCCH and long PUCCH in one slot with following proposal:
Proposal: Short-PUCCH is transmitted on the RS symbol(s) located in the end of long-PUCCH should be considered for one UE.
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