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1 Introduction
In RAN1#89, PUCCH in short-duration was discussed with following agreements:
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.
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

In this contribution, we show our views on the design of short PUCCH for more than 2 UCI bits.
2 Discussion
It was agreed that QPSK is used by 1-symbol PUCCH with more than 2 UCI bits. Considering the reliability, QPSK is also optimum for 2-symbol PUCCH with more than 2 UCI bits. Furthermore, to equalize the performance of different UCI bits, channel coding should be used by short PUCCH, when the payload size of UCI is more than 2 bits.

Proposal 1: QPSK is used by short PUCCH for more than 2 UCI bits.
Proposal 2: Channel coding should be used by short PUCCH for more than 2 UCI bits.
For different channel condition and the feedback payload, the channel coding gain and channel estimation accuracy impacted by the overhead of RS are different. Therefore, we propose that channel structure with configurable RS overhead should be considered for short PUCCH for more than 2 UCI bits. 
To support configurable RS overhead, the following channel structure for short-PUCCH can be considered. The REs in one symbol are equally divided into multiple groups and the same grouping pattern is used for 2 symbols. As shown in Figure 1 and 2, six resource sets are obtained for 1-symbol PUCCH in one RB, and 12 resource sets are obtained in one RB for 2-symbol PUCCH. The gNB can UE-specifically configure the resource set(s) in short-PUCCH to transmit RS for each antenna port. For UCI symbols, the mapping to resource element can be in increasing order of resource set index to obtain the frequency diversity gain.
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Figure 1. RS configurations for 1-symbol PUCCH
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Figure 2. RS configurations for 2-symbol PUCCH
Proposal 3: The channel structure with configurable RS can be considered for short-PUCCH:

· The REs in one symbol are equally divided into multiple sets.
· The gNB configures the resource set(s) used to transmit RS for each antenna port.

3 Conclusions
In this contribution, we show our views on the design of short PUCCH for more than 2 UCI bits with following proposals:
Proposal 1: QPSK is used by short PUCCH for more than 2 UCI bits.
Proposal 2: Channel coding should be used by short PUCCH for more than 2 UCI bits.
Proposal 3: The channel structure with configurable RS can be considered for short-PUCCH:

· The REs in one symbol are equally divided into multiple sets.
· The gNB configures the resource set(s) used to transmit RS for each antenna port.
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