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1. Introduction
In RAN1#88bis, PUCCH in short-duration was discussed with following agreements:
Agreements:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol

· UCI can be sequence

· FFS: low PAPR design is applied

· Option 4: Sequence selection with low PAPR
In RAN1#89, RAN1 agreements related to 1-symbol PUCCH are copied below:

Agreements:
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,

· DM-RS overhead of 1/3 is supported

· FFS on other values for DM-RS overhead, if necessary

· FFS on detailed DM-RS pattern

Agreements:
· For 2-symbol NR-PUCCH

· option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1

· FFS method for sending UCI with more than 2 bits

· option 2 is not supported.

· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
In this contribution, we show our views on the design of short PUCCH for up to 2 UCI bits.
2. Discussion
2.1. RS
To simplify the specification, the number of NR-PUCCH formats to be specified should be as less as possible. Since FDM manner of RS and UCI has been supported for 1-symbol PUCCH with more than 2 bits, the same scheme is preferred for 1-symbol PUCCH with up to 2 bits unless serious performance loss has been proved. 
Furthermore, to support 2-bit HARQ-ACK transmission, 4 sequences will be reserved to one UE for option 4, which will significantly impact the multiplexing capability. Therefore, we propose that option 1 is used for 1-symbol PUCCH with up to 2 UCI bits.
Proposal 1: For 1-symbol PUCCH with up to 2 UCI bits, RS and UCI are multiplexed by FDM manner in the OFDM symbol.

For short PUCCH for more than 2 UCI bits, channel structure with configurable RS overhead should be supported [1]. Since for different channel condition and the feedback payload, the channel coding gain and channel estimation accuracy impacted by the overhead and pattern of RS are different. The proposed channel structure can also be considered for short PUCCH with up to 2 UCI bits. The REs in one symbol are equally divided into multiple groups. As shown in Figure 1, six resource sets are obtained for 1-symbol PUCCH in one RB. The gNB can UE-specifically configure the resource set(s) in short-PUCCH to transmit RS for each antenna port. One UCI symbol are spread firstly and then mapped to each resource set.
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Figure 1. RS configurations for 1-symbol PUCCH
Proposal 2: The channel structure with configurable RS overhead can be considered for 1-symbol PUCCH:

· The REs in one symbol are equally divided into multiple sets.
· The gNB configures the resource set(s) used to transmit RS.
2.2. Resource allocation

In order to adapt to the fast change of channel condition, gNB can dynamically configure the time duration and the number of PRBs used to transmit PUCCH by resource allocation. One example is shown in Table 1, up to 8 PUCCH resources, with different starting resource indexes and/or time durations and/or numbers of PRBs, are semi-static configured by higher signaling. One of the configured resources is dynamically indicated to the UE in DL grant.
Table 1. Resource allocation for short PUCCH
	Resource indication in DCI
	Starting resource index
	Time duration
	Number of PRB(s) 

	000
	n0
	1 symbol
	1 PRB

	001
	n1
	1 symbol
	1 PRB

	010
	n2
	1 symbol
	2 PRB

	011
	n3
	1 symbol
	2 PRB

	100
	n4
	2 symbol
	1 PRB

	101
	n5
	2 symbol
	1 PRB

	110
	n6
	2 symbol
	2 PRB

	111
	n7
	2 symbol
	2 PRB


Proposal 3: The time duration and the number of PRBs used to transmit PUCCH can be dynamically configured together with resource allocation.
3. Conclusions
In this contribution, we show our views on the design of short uplink control channel with following proposals:
Proposal 1: For 1-symbol PUCCH with up to 2 UCI bits, RS and UCI are multiplexed by FDM manner in the OFDM symbol.
Proposal 2: The channel structure with configurable RS can be considered for 1-symbol PUCCH:

· The REs in one symbol are equally divided into multiple sets.

· The gNB configures the resource set(s) used to transmit RS.
Proposal 3: The time duration and the number of PRBs used to transmit PUCCH can be dynamically configured together with resource allocation.
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