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1. Introduction
In RAN #92bis meeting, there was discussion on PUCCH resource allocation for HARQ-ACK before dedicated PUCCH configuration and the following agreements were made [1]:
	Agreements:
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
· One RMSI value is used for indicating cell-specific PRB offset = 0 for PUCCH duration = 2, 4, 10,14 symbols respectively.
· (working assumption) One RMSI value is used for indicating cell-specific PRB offset = Floor(NBWP/4) for PUCCH duration = 14 symbols.
· NBWP is the size of initial UL BWP
Agreements:
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
· Up to two sets of initial CS shift indices can be specified for different RMSI values for a specific PUCCH format
Agreements:
For PUCCH resource determination within a resource set before a UE has a dedicated PUCCH configuration, besides 3-bit ARI, the additional 1-bit indication is based on
· CCE-index-based implicit mapping same as that after UE has a dedicated PUCCH configuration


In this contribution, we provide our view on the remaining issues on PUCCH resource allocation.

2. Discussion
2.1. PUCCH resource allocation before dedicated PUCCH configuration
According to the agreements from RAN1 #92bis, for PUCCH resource allocation before dedicated PUCCH configuration, UE can identify a PUCCH resource from a set of resources derived from RMSI using 3-bit in DCI and 1-bit indication by CCE index based implicit mapping. The following is the step-by-step procedure for the PUCCH resource allocation.
(1) Step 0: Up to 16 PUCCH resource sets are defined in spec.
(2) Step 1: One of the 16 resource sets is configured by 4-bit parameter in RMSI.
(3) Step 2: One of 8 sub-sets (each of which has 2 PUCCH resources) in the configured resource set is indicated by 3-bit PUCCH resource indicator (denoted as ARI hereafter) field in DCI.
(4) Step 3: One PUCCH resource in the indicated sub-set is determined by 1-bit indication based on CCE index based implicit mapping.
[bookmark: _GoBack]Considering that variable specifying a resource of PUCCH format 0 and format 1 (denoted as PUCCH F0 and PUCCH F1 hereafter) are a PUCCH duration, a starting symbol index, a cyclic shift (CS) index, a orthogonal cover code (OCC) index, and a PRB index, the next step would be to decide which variables are determined for a PUCCH resource at each step. In step 1, RMSI provides a single combination of PUCCH duration and starting symbol index and cell-specific PRB offset. In step 2, for PUCCH F1 first, 3-bit ARI can be used to indicate (UE-specific) PRB offset, frequency hopping (FH) direction, (initial) CS index. Considering that the number of applicable (initial) CS indexed for PUCCH F0 is half that of PUCCH F1, the remaining 1-bit in ARI (compare to PUCCH F1) can be used to indicate other parameters for PUCCH F0. For example, for PUCCH F0, ARI can be used for 1-bit indication for (UE-specific) PRB offset (e.g., 0 or 1), 1-bit indication for FH direction, and 1-bit indication for starting symbol index (e.g., 10 or 12) with consideration of flexible UL multiplexing (e.g. TDM with SRS) and multi-beam operation environment (e.g. TDM between PUCCHs). On the other hand, for PUCCH F1, ARI can be used for 1-bit indication for (UE-specific) PRB offset (e.g., 0 or 1), 1-bit indication for FH direction, and 1-bit indication for (initial) CS index group (e.g., {0, 3} or {6, 9}). Finally, in step 3, 1-bit implicit mapping can indicate a single (initial) CS index.
Proposal #1: For PUCCH format 0 resource before dedicated PUCCH configuration, 3-bit ARI field in DCI indicates (UE specific) PRB offset, frequency hopping (FH) direction, and starting symbol index.
· (UE specific) PRB offset can be 0 or 1
· Starting symbol index can be 10 or 12.
Proposal #2: For PUCCH format 1 resource dedicated PUCCH configuration, 3-bit ARI field in DCI indicates (UE specific) PRB offset, frequency hopping (FH) direction, and (initial) CS index group.
· (UE specific) PRB offset can be 0 or 1
· (initial) CS index group can be {0, 3} or {6, 9}.
Proposal #3: For PUCCH format 0/1 resource before dedicated PUCCH configuration, 1-bit implicit mapping indicates (initial) CS index.

Table 1 below shows an example of the 16-row table derived by RMSI.
Table 1. Example of 16-row table derived by RMSI
	4-bit RMSI
	PUCCH duration
	Starting symbol
	(cell specific)
PRB offset

	0000
	2
	12
	0

	0001
	2
	12
	2

	0010
	2
	12
	4

	0011
	2
	12
	floor(NBWP/4) or 6

	0100
	4
	10
	0

	0101
	4
	10
	2

	0110
	4
	10
	4

	0111
	4
	10
	floor(NBWP/4) or 6

	1000
	10
	4
	0

	1001
	10
	4
	2

	1010
	10
	4
	4

	1011
	10
	4
	floor(NBWP/4) or 6

	1100
	14
	0
	0

	1101
	14
	0
	2

	1110
	14
	0
	4

	1111
	14
	0
	floor(NBWP/4) or 6



Table 2 below shows the information indicated by the 3-bit ARI in DCI for PUCCH F0 and PUCCH F1, where ‘↑’ and ‘↓’ are used to express the two frequency hopping directions in the example for notational convenience
Table 2. Example of 3-bit ARI indication
	3-bit ARI
	PUCCH F0
	PUCCH F1

	
	PRB offset
	Freq. hopping
	Starting symbol index
	PRB offset
	Freq. hopping
	CS index

	000
	0
	↑
	10
	0
	↑
	{0, 3}

	001
	0
	↑
	12
	0
	↑
	{6, 9}

	010
	0
	↓
	10
	0
	↓
	{0, 3}

	011
	0
	↓
	12
	0
	↓
	{6, 9}

	000
	1
	↑
	10
	1
	↑
	{0, 3}

	001
	1
	↑
	12
	1
	↑
	{6, 9}

	010
	1
	↓
	10
	1
	↓
	{0, 3}

	011
	1
	↓
	12
	1
	↓
	{6, 9}



Finally, Table 3 shows an example of indicating the direction of frequency hopping by 1-bit implicit mapping where CS1 and CS2 represent the first CS index value and the second CS index value of the two CS index candidates for PUCCH F1 indicated by DCI, respectively. In this case, the OCC index value of PUCCH F1 can be tied to the CS index value. For example, OCC index can be set to (CS index mod L) where L is the OCC length of PUCCH F1.
Table 3. Example of 1-bit implicit mapping
	1 bit implicit.
	PUCCH F0
	PUCCH F1

	
	CS index
	CS index

	0
	0
	CS1

	1
	3
	CS2



3. Conclusion
In this contribution, we discussed the remaining issued on PUCCH resource allocation and the followings are proposed:
Proposal #1: For PUCCH format 0 resource before dedicated PUCCH configuration, 3-bit ARI field in DCI indicates (UE specific) PRB offset, frequency hopping (FH) direction, and starting symbol index.
· (UE specific) PRB offset can be 0 or 1
· Starting symbol index can be 10 or 12.
Proposal #2: For PUCCH format 1 resource dedicated PUCCH configuration, 3-bit ARI field in DCI indicates (UE specific) PRB offset, frequency hopping (FH) direction, and (initial) CS index group.
· (UE specific) PRB offset can be 0 or 1
· (initial) CS index group can be {0, 3} or {6, 9}.
Proposal #3: For PUCCH format 0/1 resource before dedicated PUCCH configuration, 1-bit implicit mapping indicates (initial) CS index.

4. Reference
[1] RAN1 chairman’s notes, RAN1 #92bis.
