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1. [bookmark: _GoBack]Introduction
The following objective is included in this revised work item [1]:
· Physical layer aspects including [RAN1]:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
In this contribution, we will discuss the issues about common PUCCH resources and the cyclic shift of a single long sequence.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]Common PUCCH resource set construction
	Agreement in RAN1 106-e[2]:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1


The indication of the number of RBs NRB for common PUCCH format 0/1 is agreed to be configured by SIB1. 
In Rel.15, the PUCCH frequency resource allocation is decided once the lowest PRB index is decided because there is constant one PRB allocated for PUCCH 0/1. However, the PUCCH frequency resource allocation for enhanced PUCCH 0/1 with contiguous multi-PRB should be dependent on not only the lowest PRB index but also the NRB. Moreover, the lowest PRB index is also dependent on the NRB for multi-PRB PUCCH. 
For example, when frequency hopping is supported, if ,	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes. If ,	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as .
[bookmark: _Ref83285365]Proposal 1: For PUCCH, the lowest PRB index of PUCCH is dependent on the NRB: 
[bookmark: _Ref78884590]The cyclic shift for a single long sequence
	Agreement in RAN1 106-e[2]:
For enhanced PF0/1 support a single sequence of length equal to the total number of mapped Res of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Note: this is Alt-1 from the RAN1#104 agreement.
Agreement in RAN1 106-e[2]:
In the following, Alt-1 and Alt-2 refer to the RE mapping agreement for 120 kHz from RAN1#105-e:
· For enhanced PF0/1, for PUCCH resources after RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.
· For DMRS of enhanced PF4, only Alt-1 is supported (all REs within each RB are mapped).
· Note: optimization of user multiplexing for enhanced PUCCH format 0/1/4 is not considered in Rel-17.


The cyclic shift  varies as a function of the symbol and slot number according to [3]
----Formula 1
For PUCCH format 0/1, where  is RRC configured (the value ranges from 0 to 11) for dedicated PUCCH resource and predefined for common PUCCH resource as the last column in Table 1 -1. is 12 which is the total RE number within one PRB. except for PUCCH format 0 when it depends on the information to be transmitted as Table 1-2 to Table 1-5 below.  
However, for a single long sequence with all RE mapped within a PRB, the cyclic shift should be additionally dependent on the number of PRBs like formula 2. Meanwhile, the value of  and  should also depend on the   For example, the sequence length is 24 when the PRB number is 2. The value range of  should be 0～23 for dedicated PUCCH resources, the candidate values of  for common PUCCH resource in Table 1-1 and the candidate values of  in Table 1-2 to Table 1-5 should all multiply by 2.
---Formula 2
[bookmark: _Ref78884383]Table 1 Copy of Table 9.2.1-1 and Table 9.2.3-3&4 and Table 9.2.5-1&2 from TS 38.213[4]
	Table 1-1 Copy of Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}



Table 1-2 Copy of Table 9.2.3-3: Mapping of values for one HARQ-ACK information bit to sequences for PUCCH format 0
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	[image: ]
	[image: ]



Table 1-3 Copy of Table 9.2.3-4: Mapping of values for two HARQ-ACK information bits to sequences for PUCCH format 0
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	[image: ]
	[image: ]
	[image: ]
	[image: ]



Table 1-4 Copy of Table 9.2.5-1: Mapping of values for one HARQ-ACK information bit and positive SR to sequences for PUCCH format 0
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	[image: ]
	[image: ]



Table 1-5 Copy of Table 9.2.5-2: Mapping of values for two HARQ-ACK information bits and positive SR to sequences for PUCCH format 0
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	[image: ]
	[image: ]
	[image: ]
	[image: ]





[bookmark: _Ref79068781]Proposal 2：For a single sequence of length equal to the total number of mapped REs of the PUCCH resource, the cyclic shift should be adapted with the length of the sequence.
3. Conclusion
In this contribution, we discuss the PUCCH resource set construction and cyclic shift of a single long PUCCH on the increasing of the number of RBs of PUCCH format 0/1/4, and have the following proposals:
Proposal 1: For PUCCH, the lowest PRB index of PUCCH is dependent on the NRB: 
Proposal 2：For a single sequence of length equal to the total number of mapped REs of the PUCCH resource, the cyclic shift should be adapted with the length of the sequence.
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