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1 Introduction
During RAN1#92 [1] and RAN1 AH1801 [2] meetings, following agreements were made regarding common PUCCH resource set configuration:  
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

· 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 
· 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.

· 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.

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.
In this document, we discuss remaining details on common PUCCH resource set configuration. 
2 Discussion
Since only 1 bit UCI (i.e. 1 bit HARQ-ACK) is expected before RRC connection setup, PUCCH format 0 and PUCCH format 1 are considered for common PUCCH resources, where both PUCCH format 0 and PUCCH format 1 occupy 12 subcarriers (1 PRB).  For PUCCH format 1 with PUCCH duration of {10, 14} symbols, both cyclic shift values and time-domain orthogonal cover codes (OCC) can be used to increase the number of available PUCCH resources with a limited number of PRBs. Meanwhile, for PUCCH format 0, more number of PRBs may need to be assigned for a given number of PUCCH resources, as 2 cyclic shift values are needed for 1 bit indication. 

In dedicated PUCCH resource configuration, the higher layer parameter ‘PUCCH-SpatialRelationInfo’ indicates a PUCCH pathloss reference signal, a spatially associated DL or UL reference signal, a UE-specific open-loop power control parameter, and a closed-loop power control process. At a given time, each PUCCH resource is associated with one ‘PUCCH-SpatialRelationInfo’ configuration, and the association between a PUCCH resource and a ‘PUCCH-SpatialRelationInfo’ configuration may change via a MAC CE signaling and/or a RRC signaling.  

Before RRC connection set-up or receiving dedicated RRC configuration, the UE transmits PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. The spatial domain transmission filter used for the Msg3 PUSCH transmission is associated with a selected SS/PBCH block for Msg1 PRACH transmission. Thus, both the PUCCH pathloss reference signal and the spatially associated DL reference signal are the SS/PBCH block selected for Msg1 transmission. Further, the UE maintains only one closed-loop power control process, and UE-specific power control parameter can be set to zero.
A common PUCCH resource set for PUCCH format 0 with 2 symbol duration and a common PUCCH resource set for PUCCH format 1 with 4 symbol duration can be configured, when gNB has a large number of antenna elements and employs narrow transmit and receive beams with large beamforming gains. That is, short transmission time for PUCCH is compensated by large receive beamforming gains. Taking into account the maximum 64 SS/PBCH blocks within 5ms time window with potentially different spatial coverages, allowing multiple starting symbols within a slot for PUCCH resources with short duration (e.g. 2 symbol, 4 symbol) is beneficial to accommodate time-domain multiplexing (TDM) of PUCCH resources associated with different SS/PBCH blocks within the slot. With TDM of common PUCCH resources within the slot, the UE can send HARQ-ACK feedback for Msg4 without long delay and accordingly, can achieve successful RACH completion before a random access contention resolution timer expires. 

Table 1 presents an example of common PUCCH resource set configuration. A PUCCH resource indicator field of 3 bits and a downlink assignment index field of 2 bits in DCI format 1_0 can be used to dynamically select a PUCCH resource from a common PUCCH resource set with size of up to 32 PUCCH resources. Alternatively, CCE-index based implicit mapping can be jointly used with the PUCCH resource indicator field in the DCI format 1_0 to dynamically select the PUCCH resource. Table 1 shows 16 PUCCH resources per PUCCH resource set, and additional resources can be defined by adding more PRBs, cyclic shift values, stating symbols (for PUCCH format 0 with 2 symbol duration and PUCCH format 1 with 4 symbol duration) and/or OCC indices (for PUCCH format 1 with 14 symbol duration). 

Depending on operating frequency ranges (FR), e.g. FR1 (below 6GHz) and FR2 (above 6GHz), different PUCCH resource sets can be defined. That is, for FR2, more configurations with short PUCCH duration (e.g. 2, 4, or 6 symbols) and/or more number of different staring symbols of PUCCH resources can be defined, as shown in Table 2.  
Table 1: PUCCH resource sets before dedicated PUCCH resource configuration for FR1   

	Index
	PUCCH format
	First symbol
	Number of symbols
	Cyclic shift index
	Local PRB indices for the first and second frequency hops
	OCC index

	0
	1
	0
	14
	0, 3, 6, 9, 1, 4, 7, 10
	(0, NRB-1)
	0,1

	1
	1
	0
	14
	0, 3, 6, 9, 1, 4, 7, 10
	(1, NRB-2)
	0,1

	2
	1
	0
	14
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-2, 1)
	0,1

	3
	1
	0
	14
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-1, 0)
	0,1

	4
	1
	4
	10
	0, 3, 6, 9, 1, 4, 7, 10
	(0, NRB-1)
	0,1

	5
	1
	4
	10
	0, 3, 6, 9, 1, 4, 7, 10
	(1, NRB-2)
	0,1

	6
	1
	4
	10
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-2, 1)
	0,1

	7
	1
	4
	10
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-1, 0)
	0,1

	8
	1
	6, 10
	4
	0, 3, 6, 9, 1, 4, 7, 10
	(0, NRB-1)
	0

	9
	1
	6, 10
	4
	0, 3, 6, 9, 1, 4, 7, 10
	(1, NRB-2)
	0

	10
	1
	6, 10
	4
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-2, 1)
	0

	11
	1
	6, 10
	4
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-1, 0)
	0

	12
	0
	10, 12
	2
	(0, 6) (1,7), (3,9), (4,10)
	(0, NRB-1), (1, NRB-2)
	N/A

	13
	0
	10, 12
	2
	(0, 6) (1,7), (3,9), (4,10)
	(2, NRB-3), (3, NRB-4)
	N/A

	14
	0
	10, 12
	2
	(0, 6) (1,7), (3,9), (4,10)
	(NRB-3, 2), (NRB-4, 3)
	N/A

	15
	0
	10, 12
	2
	(0, 6) (1,7), (3,9), (4,10)
	(NRB-1, 0), (NRB-2, 1),
	N/A

	Note: NRB is a number of PRBs in an initial UL BWP. 


Table 2: PUCCH resource sets before dedicated PUCCH resource configuration for FR2   

	Index
	PUCCH format
	First symbol
	Number of symbols
	Cyclic shift index
	Local PRB indices for the first and second frequency hops
	OCC index

	0
	1
	4
	10
	0, 3, 6, 9, 1, 4, 7, 10
	(0, NRB-1)
	0,1

	1
	1
	4
	10
	0, 3, 6, 9, 1, 4, 7, 10
	(1, NRB-2)
	0,1

	2
	1
	4
	10
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-2, 1)
	0,1

	3
	1
	4
	10
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-1, 0)
	0,1

	4
	1
	2, 8
	6
	0, 3, 6, 9, 1, 4, 7, 10
	(0, NRB-1)
	0

	5
	1
	2, 8
	6
	0, 3, 6, 9, 1, 4, 7, 10
	(1, NRB-2)
	0

	6
	1
	2, 8
	6
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-2, 1)
	0

	7
	1
	2, 8
	6
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-1, 0)
	0

	8
	1
	6, 10
	4
	0, 3, 6, 9, 1, 4, 7, 10
	(0, NRB-1)
	0

	9
	1
	6, 10
	4
	0, 3, 6, 9, 1, 4, 7, 10
	(1, NRB-2)
	0

	10
	1
	6, 10
	4
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-2, 1)
	0

	11
	1
	6, 10
	4
	0, 3, 6, 9, 1, 4, 7, 10
	(NRB-1, 0)
	0

	12
	0
	10, 12
	2
	(0, 6) (1,7), (3,9), (4,10)
	(0, NRB-1), (1, NRB-2)
	N/A

	13
	0
	10, 12
	2
	(0, 6) (1,7), (3,9), (4,10)
	(2, NRB-3), (3, NRB-4)
	N/A

	14
	0
	10, 12
	2
	(0, 6) (1,7), (3,9), (4,10)
	(NRB-3, 2), (NRB-4, 3)
	N/A

	15
	0
	10, 12
	2
	(0, 6) (1,7), (3,9), (4,10)
	(NRB-1, 0), (NRB-2, 1),
	N/A

	Note: NRB is a number of PRBs in an initial UL BWP. 


Proposal 1: NR supports multiple starting symbols within a slot for PUCCH resources with short duration (e.g. 2 symbol, 4 symbol) in a common PUCCH resource set, in order to accommodate TDM of PUCCH resources associated with different SS/PBCH blocks within the slot. 
Proposal 2: Different common PUCCH resource sets are specified in FR1 and FR2. For FR2, more configurations with short PUCCH duration (e.g. 2, 4, or 6 symbols) and/or more number of different staring symbols of PUCCH resources can be defined. 

3 Conclusion
In summary, we have the following proposals for common PUCCH resource set configuration:
Proposal 1: NR supports multiple starting symbols within a slot for PUCCH resources with short duration (e.g. 2 symbol, 4 symbol) in a common PUCCH resource set, in order to accommodate TDM of PUCCH resources associated with different SS/PBCH blocks within the slot. 

Proposal 2: Different common PUCCH resource sets are specified in FR1 and FR2. For FR2, more configurations with short PUCCH duration (e.g. 2, 4, or 6 symbols) and/or more number of different staring symbols of PUCCH resources can be defined. 
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