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1. Introduction
In this contribution, resource allocation for PUCCH is discussed. In the previous RAN1 meeting, following agreements were made [1].
	[bookmark: _Toc501048224][bookmark: _Hlk505673187]Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup  
· 4-bit RMSI indicates an entry into a 16-row table and each row in the table configures a set of cell-specific PUCCH resources/parameters
· PUCCH duration of at least {2, 14}
· If frequency hopping is enabled for long PUCCH, the PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP.
· FFS on x
· FFS on whether to support frequency hopping for short PUCCH
· FFS frequency hopping is always enabled or indicated in RMSI to enable/disable hopping
· Check further offline on the UE feature related discussion
Agreements:
· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot
· HARQ-ACK is only one bit without bundling before RRC connection 
Agreements:
For resource allocation for HARQ-ACK before a UE has a dedicated PUCCH configuration, 
· Additional PUCCH durations include:
· 4-symbol, 
· starting from Symbol#10.
· 10-symbol, 
· starting from Symbol#4 
Working assumption:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 
· Frequeny hopping is always enabled for PUCCH transmission for FR1 and FR2.
Agreements:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH format is cell-specific and derived from RMSI indication.
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH duration and starting symbol are cell-specific and derived by RMSI.
Agreements:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 16 UE-specific resources are specified within a PUCCH resource set indicated by RMSI.
· PRB indices are determined based on ARI and RMSI.



2. PUCCH resource allocation before RRC connection setup
In RAN1 #92 meeting, PUCCH resource allocation before RRC connection setup was discussed. According to the previous agreements, one of 16 sets of cell-specific resources is configured by 4-bit RMSI and one of 16 UE-specific resources is indicated by at least ARI. Since 3-bit DCI is used for PUCCH resource indicator after RRC connection setup, it is straightforward that 3-bit DCI is also used to determine UE-specific resources before RRC connection setup. 3-bit DCI cannot explicitly indicate one of 16 UE-specific PUCCH resources; we are fine to apply CCE-index based 1-bit implicit mapping and 3-bit DCI so as to indicate one of 16 UE-specific PUCCH resources. However, we believe CCE-index based implicit mapping must be only used to indicate code-domain PUCCH resources, i.e. CS index, because we have strong concern that PDCCH CCE mapping of some gNB cannot take care of PUCCH resource allocation. If CCE-index based implicit mapping is used to determine time/frequency-domain resource index, that gNB should reserve double time/frequency-domain resources to one UE; on the other hand, if CCE-index based implicit mapping is only used to determine code-domain resource index, that gNB does not need to reserve double time/frequency-domain resources to one UE (in this case, double code-domain resources are reserved). According to the previous agreement, PRB indexes are determined by ARI and RMSI, which means only the code-domain resource can be indicated by implicit mapping. Hence, we propose as the following:
Proposal 1:
· According to the previous agreements, it is clarified for HARQ-ACK resource allocation before RRC connection setup that 1-bit implicit mapping is only used to determine code-domain resource.
· Code-domain resource is initial CS index.

Regarding to the details of cell-specific resources, we believe the cell-specific resources are the PUCCH duration, the starting symbol, and cell-specific PRB offset. According to the previous agreements, there is no flexibility on the starting symbol; the starting symbols are explicitly decided by the PUCCH duration at the end of the slot. For cell-specific PRB offset, we believe we should have a configuration of cell-specific PRB offsets which are far away from the edge of the initial BWP. It is because the edge of the initial BWP can suffer from large out of band emissions from transmissions in neighboring bands; it will cause severe interference on the band edges. Therefore, we believe the cell-specific PRB offset should be determined by the size of the initial BWP, e.g. 4 cell-specific PRB offsets of {Y0, Y1, Y2 , Y3} are determined as {Y0, Y1, Y2 , Y3} = {0, floor ((NBWP /2)*(1/4)), floor ((NBWP /2)*(2/4)), floor ((NBWP/2)*(3/4))}, where NBWP is the number of PRBs of initial BWP. 
Regarding to the details of UE-specific resources, it is beneficial to have a common UE specific resource table for both PUCCH format 0 and 1. It is because the both PUCCH formats have the same granularity to indicate UE-specific PRB offsets, i.e. both PUCCH formats can indicate 4 UE-specific PRB offsets and hopping direction by 3-bit DCI. It is true that the number of CS indexes necessary for PUCCH format 0 and 1 is different; however, the all remaining CS indexes can be used for UEs after RRC connection setup. So, in our proposal, the initial CS indexes are {0, 3} for PUCCH format 0 and {0, 6} for PUCCH format 1, respectively. The CS indexes are chosen is to maximize the distance between CS indexes of each PUCCH format.
Based on the above discussion, we propose the following.
Proposal 2:
· For resource allocation for HARQ-ACK before dedicated RRC connection setup, 
· The PRBs of the two hops are x PRBs away from each edge of the initial UL BWP of NBWP PRBs.
· x = Cell specific PRB offset + UE specific PRB offset
· Four rows are used for a given duration and starting symbol of a PUCCH format.
· Cell-specific PRB offsets of {Y0, Y1, Y2 , Y3} are determined by following
· {Y0, Y1, Y2 , Y3} = {0, floor ((NBWP /2)*(1/4)), floor ((NBWP /2)*(2/4)), floor ((NBWP/2)*(3/4))}
	RMSI
	PUCCH duration
	Starting symbol
	Cell specific PRB offset

	0
	2-symbol
	12
	0

	1
	
	
	floor ((NBWP /2)*(1/4)

	2
	
	
	floor ((NBWP /2)*(2/4)

	3
	
	
	floor ((NBWP /2)*(3/4)

	4
	4-symbol
	10
	0

	5
	
	
	floor ((NBWP /2)*(1/4)

	6
	
	
	floor ((NBWP /2)*(2/4)

	7
	
	
	floor ((NBWP /2)*(3/4)

	8
	10-symbol
	4
	0

	9
	
	
	floor ((NBWP /2)*(1/4)

	10
	
	
	floor ((NBWP /2)*(2/4)

	11
	
	
	floor ((NBWP /2)*(3/4)

	12
	14-symbol
	0
	0

	13
	
	
	floor ((NBWP /2)*(1/4)

	14
	
	
	floor ((NBWP /2)*(2/4)

	15
	
	
	floor ((NBWP /2)*(3/4)



· 4 UE-specific PRB offsets, hopping direction, and initial cyclic shift are determined for each cell by following table, where
· r = {0, 1} is CCE-index-based implicit value 
· Time domain OCC index for PUCCH format 1 is 0.
· Hopping direction = 1 implies the PRB indices of 1st and 2nd hops are X and (N-1) – X, respectively.
· Hopping direction=2 implies the PRB indices of 1st and 2nd hops are (N-1) – X and X, respectively.
· N=3 for PUCCH format 0 and N=6 for PUCCH format 1
	ARI
	Hopping direction
	UE specific PRB offset
	Initial CS index

	
	
	
	r = 0
	r = 1

	000
	1
	0
	0
	N

	001
	
	1
	0
	N

	010
	
	2
	0
	N

	011
	
	3
	0
	N

	100
	2
	0
	0
	N

	101
	
	1
	0
	N

	110
	
	2
	0
	N

	111
	
	3
	0
	N



3. Conclusion
In this contribution, we discussed the resource allocation for PUCCH and following proposals were made:
Proposal 1:
· According to the previous agreements, it is clarified for HARQ-ACK resource allocation before RRC connection setup that 1-bit implicit mapping is only used to determine code-domain resource.
· Code-domain resource is initial CS index.
Proposal 2:
· For resource allocation for HARQ-ACK before dedicated RRC connection setup, 
· The PRBs of the two hops are x PRBs away from each edge of the initial UL BWP of NBWP PRBs.
· x = Cell specific PRB offset + UE specific PRB offset
· Four rows are used for a given duration and starting symbol of a PUCCH format.
· Cell-specific PRB offsets of {Y0, Y1, Y2 , Y3} are determined by following
· {Y0, Y1, Y2 , Y3} = {0, floor ((NBWP /2)*(1/4)), floor ((NBWP /2)*(2/4)), floor ((NBWP/2)*(3/4))}
	RMSI
	PUCCH duration
	Starting symbol
	Cell specific PRB offset

	0
	2-symbol
	12
	0

	1
	
	
	floor ((NBWP /2)*(1/4)

	2
	
	
	floor ((NBWP /2)*(2/4)

	3
	
	
	floor ((NBWP /2)*(3/4)

	4
	4-symbol
	10
	0

	5
	
	
	floor ((NBWP /2)*(1/4)

	6
	
	
	floor ((NBWP /2)*(2/4)

	7
	
	
	floor ((NBWP /2)*(3/4)

	8
	10-symbol
	4
	0

	9
	
	
	floor ((NBWP /2)*(1/4)

	10
	
	
	floor ((NBWP /2)*(2/4)

	11
	
	
	floor ((NBWP /2)*(3/4)

	12
	14-symbol
	0
	0

	13
	
	
	floor ((NBWP /2)*(1/4)

	14
	
	
	floor ((NBWP /2)*(2/4)

	15
	
	
	floor ((NBWP /2)*(3/4)



· 4 UE-specific PRB offsets, hopping direction, and initial cyclic shift are determined for each cell by following table, where
· r = {0, 1} is CCE-index-based implicit value 
· Time domain OCC index for PUCCH format 1 is 0.
· Hopping direction = 1 implies the PRB indices of 1st and 2nd hops are X and (N-1) – X, respectively.
· Hopping direction=2 implies the PRB indices of 1st and 2nd hops are (N-1) – X and X, respectively.
· N=3 for PUCCH format 0 and N=6 for PUCCH format 1
	ARI
	Hopping direction
	UE specific PRB offset
	Initial CS index

	
	
	
	r = 0
	r = 1

	000
	1
	0
	0
	N

	001
	
	1
	0
	N

	010
	
	2
	0
	N

	011
	
	3
	0
	N

	100
	2
	0
	0
	N

	101
	
	1
	0
	N

	110
	
	2
	0
	N

	111
	
	3
	0
	N
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