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1 Introduction

In TS38.213 [1], if a UE transmits HARQ-ACK using PUCCH format 0, 
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 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, 
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 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
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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
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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
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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
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In TS38.211 [2], for PUCCH format 1, the block of bits 
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 shall be modulated as described in clause 5.1 using BPSK if 
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 and QPSK if 
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, resulting in a complex-valued symbol 
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 is mapped to complex-valued modulation symbol 
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In case of QPSK modulation, pairs of bits,
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, are mapped to complex-valued modulation symbols 
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In this contribution, we will discuss the issues on CS mapping of PUCCH format 0 and modulated symbol of PUCCH format 1 and give our text proposal.
2 Issues on Misunderstanding between gNB and UE 
2.1 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 
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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. Therefore, current HARQ-ACK bits to sequences mapping tables in TS38.213 [1] need to be modified.
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Figure 1. Example of misunderstanding HARQ-ACK feedback between gNB and UE, without SR.
Proposal 1: For PUCCH format 0 with negative SR, ACK and {ACK, ACK} shall correspond to different PUCCH sequence cyclic shifts.
2.2 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 
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 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. Therefore, current HARQ-ACK bits to sequences mapping tables in TS38.213 [1] need to be modified.
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Figure 2. Example of misunderstanding HARQ-ACK feedback between gNB and UE, with SR.
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.

2.3 Issue on HARQ-ACK transmissions using PUCCH format 1
According to the BPSK and QPSK modulations, the HARQ-ACK bit(s) shall be modulated as in Table 1. ACK and {ACK, ACK} are modulated as the same complex-valued modulation symbol. Therefore, as shown in Figure 1, if the PDCCH scheduling PDSCH2 is missed and PDSCH1 is correctly received, UE will transmit ACK, then gNB will interpret it as {ACK, ACK}, which will lead to failure of PDSCH2 reception. Therefore, current modulations in TS38.211 [2] need to be modified.
Table 1: Modulation symbol 
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Proposal 3: For PUCCH format 1, ACK and {ACK, ACK} shall correspond to different complex-valued modulation symbol.
3 Text proposal
According to proposal 1, in TS38.213 [2], 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
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Table 9.2.1-4: Mapping of values for two HARQ-ACK bits to sequences

	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 0}
	{1, 1}

	Sequence cyclic shift
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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
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Table 9.2.5-2: Mapping of values for two HARQ-ACK bits and positive SR to sequences

	HARQ-ACK Value
	{0, 1}
	{0, 0}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
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According to proposal 3, in TS38.211 [2], the following text and Table are proposed.
The block of bits 
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 shall be modulated as described in Table 6.3.2.4.1-3, resulting in a complex-valued symbol 
[image: image51.wmf])

0

(

d

.
Table 6.3.2.4.1-3: Modulation symbol 
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	PUCCH format
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4 Conclusions
In this paper, discuss the issues on CS mapping of PUCCH format 0 and modulated symbol of PUCCH format 1 and give our text proposal.
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.

Proposal 3: For PUCCH format 1, ACK and {ACK, ACK} shall correspond to different complex-valued modulation symbol.
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