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1. Introduction
At the previous RAN1 meeting, following agreements were made [1]:
	Agreements of RAN1#88:
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping
Agreements of RAN1 NR#2:
· At least semi-static configuration for the following is supported: A PUCCH resource of a given UE within a slot (i.e. short-PUCCHs of different UEs) can be TDM’ed within the given duration in a slot).
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
Agreements of RAN1#90:
· In order to identify PUCCH resource, at least following are known by the UE:
· PUCCH format
· Starting symbol in a slot
· Which slot(s) the PUCCH is transmitted
· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· No additional parameters are identified
· For 2-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,
· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· Sequence/code index
· OCC and, e.g., cyclic-shift
· [bookmark: _Hlk491366649]Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,
· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,
· FFS: details
· FFS: for transmit diversity
FFS: signaling aspects, e.g., implicit, explicit, table, etc.
Agreements of RAN AH#3:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 
· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined


In this contribution, resource allocation for PUCCH is discussed.
2. Definitions of PUCCH resource for each PUCCH format
Before a discussion on how to allocate PUCCH resource, definitions of PUCCH resource should be clarified. NR supports 5 PUCCH formats as described in table 1 [2]. Since the structure of each PUCCH format is totally different, PUCCH resource should be defined for each PUCCH formant.
Table 1: PUCCH formats [2]
	PUCCH format
	Length in OFDM symbols
	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2, <N

	4
	4 – 14
	>N



2.1. PUCCH format 0 (short-PUCCH for UCI of up to 2 bits)
· For HARQ-ACK
PUCCH format 0 is short-PUCCH for UCI of up to 2 bits (also called sequence-based short-PUCCH) and it conveys UCI of up to 2 bits on 1 or 2 symbol(s). For the case of m-bit HARQ-ACK transmission, a set of 2m cyclic shifts (CSs) are allocated to a UE and UE selects one of the CS corresponding to the HARQ-ACK information. Therefore, a set of 2m CSs should be configured to a UE for the case of m-bit HARQ-ACK transmission. Our definition of PUCCH resource of PUCCH format 0 for m-bit HARQ-ACK is as following:
· One PUCCH resource for m-bit HARQ-ACK is given by
· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)
· The number of PRBs (if only 1 PRB is supported, this value is deleted)
· Symbol index within a slot 
· Sequence index (#0~#29)
· Set of CS indexes (the number of CSs is 2m)
One PUCCH resource of PUCCH format 0 is defined on each 1-symbol. In case that PUCCH format 0 spans over 2-symbol, two PUCCH resources of PUCCH format 0 are configured. If the configured two PUCCH resources are the same PRB index, non-frequency-hopping is adopted; meanwhile if the configured two PUCCH resources are different PRB indexes, frequency-hopping is adopted.

· For SR-only
For a SR-only transmission, one CS is allocated to a UE. For the case of positive SR, the UE transmits PUCCH format 0 on the given CS for SR-only; meanwhile for the case of negative SR, the UE does not transmit PUCCH format 0. Our definition of PUCCH resource of PUCCH format 0 for SR-only is as following:
· One PUCCH resource for SR-only is given by
· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)
· The number of PRBs (if only 1 PRB is supported, this value is deleted)
· Symbol index within a slot 
· Sequence index (#0~#29)
· CS index (the number of CSs is one)

· For HARQ-ACK + SR
For m-bit HARQ-ACK + SR transmission, two PUCCH resources of PUCCH format 0 for m-bit HARQ-ACK are configured for m-bit HARQ-ACK + positive SR and m-bit HARQ-ACK + negative SR, respectively. 

2.2. PUCCH format 1 (long-PUCCH for UCI of up to 2 bits)
PUCCH format 1 is long-PUCCH for UCI of up to 2 bits and it conveys UCI of up to 2 bits on 4 ~ 14 symbols. For PUCCH format 1, multiple UEs can be CDMed on the same PRB by CS and time-domain OCC. Since the time-domain OCC is applied, starting symbol or duration of multiple CDMed PUCCH format 1 is the same.
PUCCH format 1 supports intra-slot frequency hopping. In NR, UEs may have different bandwidth of the active UL BWP for PUCCH transmission; the bandwidth of frequency hopping should be configurable and is not derived from the UL BWP, as proposed in [3]. Considering the bandwidth of frequency hopping should be configurable, one PUCCH resource should be defined for each intra-slot frequency hopping. gNB configures two PUCCH resources to a UE for each frequency hopping. If the configured two PUCCH resources are the same PRB index, non-frequency-hopping is adopted; meanwhile if the configured two PUCCH resources are different PRB indexes, frequency-hopping is adopted.
· One PUCCH resource for one intra-slot FH is given by
· PRB index of the given UL BWP
· Starting symbol index within a slot 
· PUCCH symbol duration within a slot (or, ending symbol index)
· Sequence index (#0~[#29])
· CS index
· Time domain OCC index (OCC length/capacity is determined by the length of long-PUCCH duration)

2.3. PUCCH format 2 (short-PUCCH for UCI of more than 2 bits)
PUCCH format 2 is short-PUCCH for UCI of more than 2 bits and it conveys UCI of more than 2 bits on 1 or 2 symbol(s). For PUCCH format 2, multiple contiguous or non-contiguous PRBs, and 1 or 2 symbol(s) can be allocated to a UE. Therefore, we consider that PUCCH resource is defined by a combination of one PRB on one symbol. Then, gNB can configure one or multiple PUCCH resource(s) to a UE. If the configured multiple PUCCH resources are contiguous PRB indexes of the same symbol, contiguous PRB mapping is adopted; meanwhile if they are non-contiguous PRB indexes of the same symbol, non-contiguous PRB mapping is adopted. Similarly if the configured PUCCH resources are the same PRB index of different symbols, non-frequency-hopping is adopted; meanwhile if they are different PRB indexes of different symbols, frequency-hopping is adopted.
· One PUCCH resource is given by
· PRB index of the given UL BWP
· Symbol index within a slot

2.4. PUCCH format 3 (long-PUCCH for UCI of more than 2 bits w/ mux. capacity)
PUCCH format 3 is long-PUCCH for UCI of more than 2 bits w/ mux. capacity and it conveys UCI of more than 2 bits on 4 ~ 14 symbols. The PUCCH resource for PUCCH format 3 is determined by the same way as that for PUCCH format 1 except for CDM index. For PUCCH format 1, CS and time-domain OCC is applied for UE multiplexing; meanwhile for PUCCH formant 3, either Pre-DFT OCC or FDM is applied.
The same as PUCCH format 1, one PUCCH resource is defined by each frequency hopping.
· One PUCCH resource for one intra-slot FH is given by
· PRB index of the given UL BWP
· Starting symbol index within a slot 
· PUCCH symbol duration within a slot (or, ending symbol index)
· Pre-DFT OCC index / FDM index (either Pre-DFT or FDM is adopted for multiplexing)

2.5. PUCCH format 4 (long-PUCCH for UCI of more than 2 bits w/o mux. capacity)
PUCCH format 4 is long-PUCCH for UCI of more than 2 bits w/o mux. capacity and it conveys UCI of more than 2 bits on 4 ~ 14 symbols. The PUCCH resource for PUCCH format 4 is defined by the same way as that for PUCCH format 1 and 3 except for UE multiplexing.
The same as PUCCH format 1 or 3, one PUCCH resource is determined by each frequency hopping.
· One PUCCH resource for one intra-slot FH is given by
· PRB index of the given UL BWP
· Starting symbol index within a slot 
· PUCCH symbol duration within a slot (or, ending symbol index)

Proposal 1:
· PUCCH resources of each PUCCH format is defined as following:
Table 2.	Definitions of one PUCCH resource for each PUCCH format
	PUCCH format 0
	For m-bit
 HARQ-
ACK
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29)

	
	
	· Set of CS indexes (the number of CSs is 2m)

	
	For SR
-only
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29)

	
	
	· CS index (the number of CSs is one)

	
	For m-bit HARQ-ACK + SR
	· Note: two PUCCH resources for m-bit HARQ-ACK are configured for m-bit HARQ-ACK + positive SR and m-bit HARQ-ACK + negative SR

	PUCCH 
format 1
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)

	
	· Sequence index (#0~[#29])

	
	· CS index

	
	· Time domain OCC index (OCC length/capacity is determined by the length of long-PUCCH duration)

	PUCCH 
format 2
	· PRB index of the given UL BWP

	
	· Symbol index within a slot

	PUCCH 
format 3
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)

	
	· Pre-DFT OCC index / FDM index (either Pre-DFT or FDM is not decided)

	PUCCH 
format 4
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)



3. PUCCH resource allocation
3.1. Resource allocation scheme
In RAN1NR #3, the following options are agreed for PUCCH resource allocation:
	Agreements of RAN AH#3:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 
· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined


According to the agreement, one or multiple set(s) of PUCCH resources are configured by higher layer signaling, and one PUCCH resource of the set(s) of the PUCCH resources is indicated by [DCI]. The difference between Opt. 1 ~ Opt.4 is how many sets of PUCCH resources are defined. In order to select one of the options, we should take into account what information should be dynamically / semi-statically determined. Since the contents of the set of PUCCH resource are configured by higher layer signaling, the contents can be semi-statically updated. If there are PUCCH formats which should be dynamically switched, each of the PUCCH formats should have own set of PUCCH resources. From our perspective, short-PUCCH or long-PUCCH is not necessary to be dynamically switched because short-PUCCH or long-PUCCH should be based on the distance / coverage. Similarly, long-PUCCH with or without UE multiplexing capacity is also not necessary to be dynamically switched because it should be based on the supportable number of UEs. However, the number of UCI bits of a UE can be dynamically changed; and hence, two sets of PUCCH resource for UCI of up to 2 bits and for UCI of more than 2 bits should be determined (i.e. Opt.4 is supported). Table 3 and 4 describes examples of the two sets of PUCCH resources for UCI of up to 2 bits and for UCI of more than 2 bits, assuming that the PUCCH resource is indicated by DCI of 2 bits from the sets of PUCCH resources. 
In table 3, since the set of PUCCH resources is for UCI of up to 2 bits, PUCCH format 0 or 1 can be configured by higher layer signaling. The rest of the field has indexes of PUCCH resource, e.g. PRB/symbol/code indexes, of which items can be different for each PUCCH format. Table 3 shows the case that PUCCH format 0 or PUCCH format 1 (short-PUCCH or long-PUCCH) can be dynamically configured by DCI, while all the contents of the set can be only one PUCCH format (PUCCH format 0 or PUCCH format 1), depending on the higher layer configuration. Table 4 also shows an example of the set of PUCCH resources for UCI of more than 2 bits. Similarly to the table 3, table 4 shows the case that PUCCH format 2 or PUCCH format 3 (short-PUCCH or long-PUCCH) can be dynamically configured by DCI, while all the contents of the set can be only one PUCCH format (short-PUCCH, long-PUCCH w/ mux. capacity, or long-PUCCH w/o mux. capacity), depending on the higher layer configuration.
The selection of table 3 or 4, i.e. the set of PUCCH resources for UCI of up to 2 bits or more 2 bits, is done by UE, according to the number of UCI bits. Then, the two sets are dynamically switched, although no DCI is required to determine which set of PUCCH resources should be used.

Proposal 2:
· Two sets of PUCCH resources at least for HARQ-ACK are configured to a UE by high layer signalling. 
· One is for PUCCH formats for UCI of up to 2 bits, and the other is for PUCCH formats for UCI of more 2 bits (Opt.4 of RAN AH#3 agreement). 

Proposal 3:
· From a set of PUCCH resources, one PUCCH resource is indicated by DCI of [2] bits.
Table 3		A set of PUCCH resources for PUCCH formats for UCI of up to 2 bits
	DCI field
	{format 0, format 1}, PRB/symbol/code index

	00
	{format 0},  PRB/symbol/code, …

	01
	{format 0}, PRB/symbol/code, …

	10
	{format 1}, PRB/symbol/code, …

	11
	{format 1}, PRB/symbol/code, …



Table 4		A set of PUCCH resources for PUCCH formats for UCI of more than 2 bits
	DCI field
	{format 2, format 3, format 4}, , PRB/symbol/code index

	00
	{format 2}, , PRB/symbol/code

	01
	{format 2}, , PRB/symbol/code

	10
	{format 3}, , PRB/symbol/code

	11
	{format 3}, , PRB/symbol/code



Proposal 4:
· A set of PUCCH resources is selected from two sets of PUCCH resources by UE, according to the number of UCI bits without DCI indication.

3.2. Configuration of the sets of PUCCH resources
The contents of the sets of PUCCH resources are configured by higher layer signalling. However, similarly to LTE, the sequence index should be randomized on each cell; we think the sequence index should not be explicitly configured to a UE but determined by scrambling cell id, slot index, and configured PRB index.
· Implicitly determination of sequence index
In LTE, sequence index of base sequence for PUCCH is determined / randomized by cell id and slot index so that the same sequence index is not be used on neighbouring cell. In NR, PUCCH format 0 is transmitted on only 1-symbol (and it can be on only 1 PRB). If the sequence index is scrambled by only cell id and slot index, all UEs use the same sequence at the slot; for the case that the same sequence is used at neighbouring cell, PUCCHs of all UEs will be collided. Hence, an additional sequence scrambling method should be considered. If the sequence index is scrambled by not only cell id and slot index but also configured PRB index, the probability that PUCCHs of all UEs being collided at a certain slot can be reduced.

Proposal 5:
· The sequence index is not explicitly configured and it is determined by scrambling cell id, slot index, and configured PRB index, so that the probability that PUCCHs from all UEs at a certain slot being collided with neighbouring cell is reduced

· Higher layer configuration
As discussed above, the contents of the sets of PUCCH resources except sequence index are configured by higher layer signalling. We propose that all the contents of PUCCH resources defined in sect. 2 except sequence index are configured by higher layer signalling as the sets of PUCCH resources. 

Proposal 6:
· Following PUCCH resources are configured by higher layer signalling as the sets of PUCCH resources.

Table 5.	Following PUCCH resources are configured by higher layer signalling 
as the sets of PUCCH resources
	PUCCH format 0
	For m-bit
 HARQ-
ACK
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29) *

	
	
	· Set of CS indexes (the number of CSs is 2m)

	
	For SR
-only
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29) *

	
	
	· CS index (the number of CSs is one)

	
	For m-bit HARQ-ACK + SR
	· Note: two PUCCH resources for m-bit HARQ-ACK are configured for m-bit HARQ-ACK + positive SR and m-bit HARQ-ACK + negative SR

	PUCCH 
format 1
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)

	
	· Sequence index (#0~[#29]) *

	
	· CS index

	
	· Time domain OCC index (OCC length/capacity is determined by the length of long-PUCCH duration)

	PUCCH 
format 2
	· PRB index of the given UL BWP

	
	· Symbol index within a slot

	PUCCH 
format 3
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)

	
	· Pre-DFT OCC index / FDM index (either Pre-DFT or FDM is not decided)

	PUCCH 
format 4
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)


* Note: Sequence index is determined by scrambling cell id, slot index, and configured PRB index









4. Conclusion
In this contribution, we discussed the resource allocation for PUCCH and following proposals were made:
Proposal 1:
· PUCCH resources of each PUCCH format is defined as following:
Table 2.	Definitions of one PUCCH resource for each PUCCH format
	PUCCH format 0
	For m-bit
 HARQ-
ACK
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29)

	
	
	· Set of CS indexes (the number of CSs is 2m)

	
	For SR
-only
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29)

	
	
	· CS index (the number of CSs is one)

	
	For m-bit HARQ-ACK + SR
	· Note: two PUCCH resources for m-bit HARQ-ACK are configured for m-bit HARQ-ACK + positive SR and m-bit HARQ-ACK + negative SR

	PUCCH 
format 1
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)

	
	· Sequence index (#0~[#29])

	
	· CS index

	
	· Time domain OCC index (OCC length/capacity is determined by the length of long-PUCCH duration)

	PUCCH 
format 2
	· PRB index of the given UL BWP

	
	· Symbol index within a slot

	PUCCH 
format 3
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)

	
	· Pre-DFT OCC index / FDM index (either Pre-DFT or FDM is not decided)

	PUCCH 
format 4
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)


Proposal 2:
· Two sets of PUCCH resources at least for HARQ-ACK are configured to a UE by high layer signalling. 
· One is for PUCCH formats for UCI of up to 2 bits, and the other is for PUCCH formats for UCI of more 2 bits (Opt.4 of RAN AH#3 agreement). 
Proposal 3:
· From a set of PUCCH resources, one PUCCH resource is indicated by DCI of [2] bits.

Table 3		A set of PUCCH resources for PUCCH formats for UCI of up to 2 bits
	DCI field
	{format 0, format 1}, PRB/symbol/code index

	00
	{format 0},  PRB/symbol/code, …

	01
	{format 0}, PRB/symbol/code, …

	10
	{format 1}, PRB/symbol/code, …

	11
	{format 1}, PRB/symbol/code, …


Table 4		A set of PUCCH resources for PUCCH formats for UCI of more than 2 bits
	DCI field
	{format 2, format 3, format 4}, , PRB/symbol/code index

	00
	{format 2}, , PRB/symbol/code

	01
	{format 2}, , PRB/symbol/code

	10
	{format 3}, , PRB/symbol/code

	11
	{format 3}, , PRB/symbol/code


Proposal 4:
· A set of PUCCH resources is selected from two sets of PUCCH resources by UE, according to the number of UCI bits without DCI indication.
Proposal 5:
· The sequence index is not explicitly configured and it is determined by scrambling cell id, slot index, and configured PRB index, so that the probability that PUCCHs from all UEs at a certain slot being collided with neighbouring cell is reduced
Proposal 6:
· Following PUCCH resources are configured by higher layer signalling as the sets of PUCCH resources.
Table 5.	Following PUCCH resources are configured by higher layer signalling 
as the sets of PUCCH resources
	PUCCH format 0
	For m-bit
 HARQ-
ACK
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29) *

	
	
	· Set of CS indexes (the number of CSs is 2m)

	
	For SR
-only
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29) *

	
	
	· CS index (the number of CSs is one)

	
	For m-bit HARQ-ACK + SR
	· Note: two PUCCH resources for m-bit HARQ-ACK are configured for m-bit HARQ-ACK + positive SR and m-bit HARQ-ACK + negative SR

	PUCCH 
format 1
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)

	
	· Sequence index (#0~[#29]) *

	
	· CS index

	
	· Time domain OCC index (OCC length/capacity is determined by the length of long-PUCCH duration)

	PUCCH 
format 2
	· PRB index of the given UL BWP

	
	· Symbol index within a slot

	PUCCH 
format 3
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)

	
	· Pre-DFT OCC index / FDM index (either Pre-DFT or FDM is not decided)

	PUCCH 
format 4
	· PRB index of the given UL BWP

	
	· Starting symbol index within a slot

	
	· PUCCH symbol duration within a slot (or, ending symbol index)


* Note: Sequence index is determined by scrambling cell id, slot index, and configured PRB index
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