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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 for one UE.
2 Discussion
Since flexible frame structure, dynamic HARQ-ACK timing and carrier aggregation are supported in NR, the HARQ-ACK payloads for one UE may be significantly different in different slots. The following issue should be firstly decided for HARQ-ACK transmission:

· Whether all of the HARQ-ACK bits fed back in one slot can be transmitted on one uplink channel?
For example, whether the HARQ-ACKs configured for long-PUCCH and the HARQ-ACKs configured for short-PUCCH can be multiplexed in one uplink control channel (mostly long-PUCCH will be used). The main concerns about the multiplexing transmission in one uplink control channel are:

· The impact on the latency of HARQ-ACKs configured for short-PUCCH (e.g. HARQ-ACK corresponding to URLLC PDSCH). The detection latency of long PUCCH may be larger than short PUCCH, depending on the following designs of long PUCCH:

· Channel coding
· Interleaving  

· Resource mapping
· others

· Effective and unambiguous multiplexing of HARQ-ACK bits configured for short-PUCCH and long-PUCCH (e.g. HARQ-ACKs corresponding to eMBB and URLLC) should be supported. This issue impacts the design of PUCCH format 3/4/5 in LTE-A CA. However, this issue will be more serious for the multiplexing of HARQ-ACK bits in NR, since:
· More HARQ-ACK bits will be reserved for one slot for the carrier
· which supports both eMBB and URLLC transmission, and/or

· which supports CBG-based HARQ-ACK feedback for one TB.
· The scheduling time and the feedback timing of different PDSCHs are different, therefore unified scheduling information (as DAI) may be not applicable.
Observation: If all of the HARQ-ACK bits fed back in one slot are transmitted on one uplink channel, 

· There may be impact on the latency of HARQ-ACKs configured for short-PUCCH. 

· How to support effective and unambiguous multiplexing of HARQ-ACK bits configured for short-PUCCH and long-PUCCH should be carefully studied.

On the other hand, if HARQ-ACK bits configured for short-PUCCH cannot be transmitted by long-PUCCH together with HARQ-ACK bits configured for long-PUCCH, scalable channel structure of long PUCCH (especially for large payload size) should be carefully designed 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:
· 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.
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Figure 1. HARQ-ACK bits to be fed back in one slot

· Option 3: Short-PUCCH is transmitted on the RS symbol(s) 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) of long-PUCCH should be considered for one UE.
3 Conclusions
In this contribution, we show our views on the multiplexing of short PUCCH and long PUCCH for one UE with following observation and proposal:
Observation: If all of the HARQ-ACK bits fed back in one slot are transmitted on one uplink channel, 

· There may be impact on the latency of HARQ-ACKs configured for short-PUCCH. 

· How to support effective and unambiguous multiplexing of HARQ-ACK bits configured for short-PUCCH and long-PUCCH should be carefully studied.

Proposal: Short-PUCCH is transmitted on the RS symbol(s) of long-PUCCH should be considered for one UE.
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