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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In TS38.213 [1], if a UE transmits HARQ-ACK using PUCCH format 0,  is determined from the value of one HARQ-ACK bit or from the values of two HARQ-ACK bits as in Table 9.2.1-3 and Table 9.2.1-4, respectively, where a NACK value is mapped to ‘0’ and an ACK value is mapped to ‘1’. If a UE transmits HARQ-ACK and positive SR using PUCCH format 0,  is determined from the value of one HARQ-ACK bit or from the values of two HARQ-ACK bits as in Table 9.2.5-1 and Table 9.2.5-2, respectively, where a NACK value is mapped to ‘0’ and an ACK value is mapped to ‘1’.
Table 9.2.1-3: Mapping of values for one HARQ-ACK bit to sequences
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	
	


Table 9.2.1-4: Mapping of values for two HARQ-ACK bits to sequences
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	
	
	
	


Table 9.2.5-1: Mapping of values for one HARQ-ACK bit and positive SR to sequences
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	
	


Table 9.2.5-2: Mapping of values for two HARQ-ACK bits and positive SR to sequences
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	
	
	
	


In this contribution, we will discuss the issues on CS mapping of PUCCH format 0 and give our text proposal.
Issues on misunderstanding between gNB and UE 
Issue on HARQ-ACK transmissions using PUCCH format 0
As shown in Figure 1, if the PDCCH scheduling PDSCH2 is missed (not decoded), misunderstanding between gNB and UE will happen. If PDSCH1 is correctly received, UE will transmit ACK with according to Table 9.2.1-3 in TS38.213, then gNB will interpret it as {ACK, ACK} according to Table 9.2.1-3 in TS38.213. In this case, gNB will regard PDSCH2 as successfully received which will lead to failure of PDSCH2 reception. 
Considering possibility of PDCCH missing is 1%, this issue will decrease the performance of DTX-to-ACK seriously. Therefore, current HARQ-ACK bits to sequence mapping tables in TS38.213 [1] need to be modified.
Proposal 1: For PUCCH format 0 with negative SR, ACK and {ACK, ACK} shall correspond to different PUCCH sequence cyclic shifts.


[bookmark: _Ref506147828]Figure 1. Example of misunderstanding HARQ-ACK feedback between gNB and UE, without SR.
Issue on HARQ-ACK and positive SR transmissions using PUCCH format 0
As shown in Figure 2, if the PDCCH scheduling PDSCH2 is missed, misunderstanding between gNB and UE will happen. If PDSCH1 is wrongly received and positive SR will be requested, UE will transmit NACK with  according to Table 9.2.5-1 in TS38.213, then gNB will interpret it as {NACK, ACK} according to Table 9.2.5-2 in TS38.213. In this case, gNB will regard PDSCH2 as successfully received which will lead to failure of PDSCH2 reception. 
Considering possibility of PDCCH missing is 1%, this issue will decrease the performance of DTX to ACK seriously. Therefore, current HARQ-ACK bits to sequences mapping tables in TS38.213 [1] need to be modified.
Proposal 2: For PUCCH format 0, NACK sequence cyclic shift with positive SR should be different from {NACK, ACK} sequence cyclic shift with negative SR.

[bookmark: _Ref506147963]Figure 2. Example of misunderstanding HARQ-ACK feedback between gNB and UE, with SR.
Performance evaluation on new CS mapping rules
To evaluate the performance of the proposed CS mapping rule and existing CS mapping rule, some simulations have been implemented, and the related simulation assumptions are shown in Table 1. From the simulation results in Figure 3, we can find that with up to 1000 ns delay spread, the performance of new mapping rule is same as of old mapping rule, because the gap of 3 between two CSs is enough to satisfy the performance requirement.
Observation: For PUCCH format 0, the proposed mapping can supply same detection performance as the existing mapping.

[image: ]
[bookmark: _Ref509424425]Figure 3. Simulation results of new mapping rules and old mapping rules
Analysis on other solutions
In last meeting, [2] has proposed two solutions to solve the above issues. For the first solution, [2] defines a one-to-one correspondence between initial CS {10, 4, 1, 7} and {(-, N), (-, A), (+, N), (+, A)}. This solution can avoid the misunderstanding between gNB and UE for negative SR case, but for the positive SR case, (+, A) and (+, A, A) will use the same initial CS. So the first solution cannot solve the issue completely. For the second solution, [2] defines all 12 initial CS for one UE, it costs too much PUCCH resources and is not preferred. Based on the previous analysis, both of the two solutions proposed in [2] should not be considered.
Text proposal
According to proposal 1, in TS38.213 [1], the following Table 9.2.1-3 and Table 9.2.1-4 are proposed.
Table 9.2.1-3: Mapping of values for one HARQ-ACK bit to sequences
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	
	



Table 9.2.1-4: Mapping of values for two HARQ-ACK bits to sequences
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	
	
	
	



According to proposal 2, in TS38.213 [1], the following Table 9.2.5-1 and Table 9.2.5-2 are proposed.
Table 9.2.5-1: Mapping of values for one HARQ-ACK bit and positive SR to sequences
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	
	



Table 9.2.5-2: Mapping of values for two HARQ-ACK bits and positive SR to sequences
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	
	
	
	



[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, we discuss the issues on CS mapping of PUCCH format 0 and modulated symbol of PUCCH format 1, and give our text proposal in Sec. 3.
Proposal 1: For PUCCH format 0 with negative SR, ACK and {ACK, ACK} shall correspond to different PUCCH sequence cyclic shifts.
Proposal 2: For PUCCH format 0, NACK sequence cyclic shift with positive SR should be different from {NACK, ACK} sequence cyclic shift with negative SR.
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Appendix
[bookmark: _Ref509424338]Table 2. Simulation Assumption
	Parameter
	PUCCH format 0

	Carrier Frequency
	3.5 GHz

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	No. of subcarriers per PRB
	12

	Number of symbol
	1

	antenna configuration
	1Tx * 2 Rx

	Channel model
	TDL-C (30ns, 100ns, 1000ns delay spread)

	UE velocity
	3 km/h

	Payload size
	2 bits

	Modulation
	QPSK

	Performance metric
	DTX -> ACK < 10e(-2)
ACK missing < 10e(-2)
ACK->NACK < 10e(-3)
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