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1 Introduction

In RAN1#90b [1], following agreements were achieved for the short PUCCH for UCI of up to 2 bits. 
Agreements:

· In Rel-15, only length 12 sequences are supported for short PUCCH for up to 2 bits (PUCCH format 0) and long PUCCH for up to 2 bits

Agreements:

· For HARQ-ACK transmission using short PUCCH for up to 2 bits

· In case of 1-bit HARQ-ACK only: 

· The distance between the two cyclic shifts within a PRB is 6

· In case of 2-bit HARQ-ACK only

· The distance between any two adjacent cyclic shifts within a PRB is 3 

· In case of 1-bit HARQ-ACK & SR (positive or negative)

· FFS

· In case of 2-bit HARQ-ACK & SR (positive or negative)

· FFS

Following alternatives were discussed for the cases of HARQ-ACK & SR during the offline discussion. 

· Alt 1 (no bundling): 8 sequence in the same or different PRBs

· 4 sequences are used for 2 bits HARQ-ACK with negative SR 

· The other 4 sequences are used for 2 bits HARQ-ACK with positive SR

· Alt 2 (with bundling): 6 sequences in the same PRB or different PRBs
· 4 sequences are used for 2 bits HARQ-ACK with negative SR

· The other 2 sequences used for (bundled) 1 bits HARQ-ACK with positive SR

· Alt 3 : 3 sequences  for 1 bit (no bundling), 5 sequences for 2 bits (with bundling)
· In case of 1-bit HARQ-ACK + SR, there are three sequences (the 2 of the HARQ-ACK + 1 for SR). There are a total of four states, these are handled as follows: by not transmitting, NACK with negative SR, the other 3 states are mapped to the three available sequences.
· In case of 2-bit HARQ-ACK + SR, there are five sequences (the 4 of the HARQ-ACK + 1 for SR). There are a total of eight states, these are handled as follows: by not transmitting NACK, NACK with negative SR, the remaining three states of HARQ-ACK with negative SR are transmitted using three of the HARQ-ACK sequences; the remaining HARQ-ACK sequence is used for ACK-ACK with positive SR. The remaining three states of positive SR (at least one NACK with positive SR), are bundled to the SR sequence.
This contribution discussed three alternatives above and down selection was proposed accordingly. 
2 Discussion
Three alternatives are compared in the following table with the case of 2-bit HARQ-ACK + SR. On top of Alt 1, Alt 2 bundles the two Ack/Nack bits into one with positive SR, but since positive SR does not transmit very often, this bundling only increases the unnecessary retransmission marginally [2]. Alt 3 uses “no transmission” to represent all Nacks and negative SR which can help to save one sequence. Considering both two Ack/Nack bits may be correlated to each other and the majority of the SR is negative, to use no transmission to represent one combination can slightly reduce the interference for both intra-cell and inter-cell. No transmission can also help to reduce the UE power consumption. With one sequence less, Alt 3 can multiplex more UEs on the same T/F resources. Additionally the gNB can detect one sequence less per UE, and the gNB complexity can be reduced more or less.   
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For the case of 1-bit HARQ-ACK and SR transmission at the same time, no transmission is used for Nack and negative SR. At the gNB side, when no sequence for HARQ-Ack is detected, it will assume the corresponding DL transmission has failed and may prepare for the retransmission. 
Based on the above discussion, all three alternatives are compared in the follow table. 

	
	Alt 1
	Alt 2
	Alt 3

	Retransmission Efficiency
	High
	Moderate
	Moderate

	Interference Level
	Moderate
	Moderate
	Low

	UE Power Consumption
	Moderate
	Moderate
	Low

	PUCCH Multiplexing Capacity
	Low
	Moderate
	High

	gNB Complexity
	High
	Moderate
	Low


Proposal 1: it is proposed to support to Alt 3 for the case of HARQ-ACK and SR transmissions at the same time. 

3 Conclusions
In this contribution, the three alternatives for the case of HARQ-ACK and SR transmissions at the same time were discussed. We think Alt 3 outperforms the other two alternatives in all aspects except marginally decreased retransmission efficiency.   
Based on above discussions, we have the following proposal: 

Proposal 1: it is proposed to support to Alt 3 for the case of HARQ-ACK and SR transmissions at the same time. 
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