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Introduction
In this document, we provide our view on resource allocation issues for PUCCH. 
Discussion
A PUCCH resource that is used by a UE to transmit UCI may be defined by the physical resource blocks (PRBs), the OFDM symbols, the sequences along with their cyclic shifts and orthogonal cover codes (OCCs) used. It should be noted that OCCs, sequences and cyclic shifts are applicable only for some PUCCH formats. In any given slot, the UE may have to transmit one or combination of HARQ-ACK, SR and CSI.
PUCCH Resource Determination
The PUCCH resource to be used for each of the different types of UCI can generally be controlled by the gNB. This can be done via explicit resource assignments either through semi-static configuration (RRC signaling) or through dynamic signaling of downlink control information (DCI) messages or a combination of the two. 
In addition, the UE can also determine PUCCH resources implicitly. For example, the PUCCH resource can be determined based on the number of UCI bits to be transmitted in a slot. PUCCH resources for HARQ-ACK transmission for a scheduled PDSCH may also be determined implicitly by the control channel element (CCE) at which the received control channel message (PDCCH) scheduling the PDSCH begins. This approach is used in LTE. Such implicit resource determination can potentially reduce the overhead incurred for dynamic signaling and help to avoid collisions between the PUCCH resources determined by different UEs for transmission of UCI. 
Since the gNB is generally aware of the number of bits to be transmitted by the UE, or which resources to expect autonomous transmissions by the UE such as SR, the gNB is aware of the resources on which all the UCI information must be received. There are certain error cases where a mismatch can occur between the UE and the gNB on the resources to be used for PUCCH transmission, e.g., when certain downlink assignments for PDSCH are missed. However, as long as such mismatches occur with a very small probability they can be handled by the gNB performing decoding on multiple hypothesized PUCCH resources.
Flexibility in Handling Resource Allocation
The flexibility necessary for PUCCH resource determination may be illustrated by the following example. We consider a set of 5 slots, numbered n, n+1, …, n+4. Slots n, n+3 and n+4 are slots with only DL transmissions, slot n+1 carries DL transmissions followed by UL transmissions and slot n+2 carries only UL transmissions. Slot n+1 can be used for transmissions of PUCCH formats 0 and 2, i.e, short PUCCH for up to 2 bits and for more than 2 bits. Slot n+2 can be used for transmissions of PUCCH formats 1, 3 and 4 (long PUCCH for up to 2 bits and greater than 2 bits) followed by PUCCH formats 0 and 2 (short PUCCH formats for up to 2 bits and greater than 2 bits).
HARQ-ACK for PDSCH received in slots n and n+1 can be sent in any of the PUCCH resources in slot n+1 or slot n+2 depending on the payload size including the HARQ-ACK as well as potential CSI and SR transmissions. The first PUCCH resource that can be used in time is limited by the processing capability of the UE, i.e. how long time it takes to prepare a HARQ feedback transmission after the corresponding DL transmission has been received.


[bookmark: _Ref498558097]Figure 1: Example for PUCCH resource determination
The PUCCH resource determination procedure should allow for some flexibility in handling different latencies and different PUCCH formats. For instance, the PUCCH resources in slot n+2 should be able to carry feedback from PDSCH scheduled in CORESETs both in slots n and n+1. The CORESETs themselves in a slot may occur in different locations in the slot. The possible options for PUCCH resource determination are discussed in the context of the first three slots in the example in Figure 1.
Implicit methods for resource determination
If only implicit methods are to be used, the set of all CORESETs across multiple slots would need to be indexed using a common scheme and mapped to all the PUCCH resources across multiple slots are also indexed using a common scheme. In the example considered, all the PDCCH candidates in all the CORESETs in slots n and n+1 configured to the UE would need to have a unique index. Similarly, all the PUCCH resources in slots n+1 and n+2 would have a unique index. The PDCCH candidate indices could then be mapped to the PUCCH resource indices so that the resource where HARQ-ACK transmissions should occur can be determined implicitly. 
An alternative would be to not have a common indexing scheme across multiple CORESETs and resources but instead have different sets of PUCCH resources be configured to the UE for different CORESETs and/or slots and reuse the same indices for each CORESET and/or slot. However, in either option, RRC configuration is needed to ensure that different PDCCH resources map to different PUCCH resources.
The mapping from the PDCCH candidates to the PUCCH resources can be semi-statically configured to each UE via RRC signaling. The semi-statically configured mapping would depend on the number of CORESETs configured to the UE as well as on the upcoming slots carrying UL transmissions in which PUCCH resources may be available. A very important aspect to consider is that such mapping only makes sense when the pattern of five slots and the allocation of CORESETs and PUCCH resources within it doesn’t change very often. For flexible allocation of downlink and uplink slots in small cells or for more dynamic adjustment of resource allocations, having mappings as described above is quite impractical. Also, the CORESET and PUCCH resource allocations are UE-specific and may be different for different UEs. There would be restrictions on how different UEs are configured if only implicit resource allocation is used.
It may be noted that with such pure implicit resource allocation, delays in HARQ-ACK feedback can only be controlled dynamically by choosing the appropriate PDCCH candidate for scheduling. The mapping of PDCCH candidates to PUCCH resources can be changed semi-statically but not dynamically. This of course creates some scheduling constraints. Furthermore, it is not expected that a UE will be able to perform blind decodes to exhaustively search all candidates which creates further restrictions in scheduling. One option to make the above solution more dynamic is to configure a UE with multiple such mappings and use dynamic information in the DCI to select one of the configured mappings. For the case where RRC configuration information is not available, e.g., after initial access or during RRC reconfigurations, a default mapping would need to be specified.
It is clear from the above that use of only implicit methods to determine PUCCH resources creates too many constraints even for PUCCH formats 0 and 1. 
Observation: Use of only implicit methods for PUCCH resource determination does not provide enough flexibility for the use cases of interest in NR.
Explicit methods for PUCCH resource determination
We now consider addition of explicit methods for PUCCH resource determination. One option to do this is to use the framework that was captured as Alternative 1 in the previous meeting and the subsequent email discussion. Here, the UE is semi-statically configured with multiple resource sets, the elements of each set corresponding to a single PUCCH resource. A resource set is chosen implicitly by the UE based on the UCI payload. Optionally, the additional use of one or more of the following when HARQ-ACK feedback is part of the UCI could also be considered if the blocking is considered to be too high for the scenarios of interest. 
· The CORESET where the PDCCH scheduling the PDSCH is received
· The search space within the above CORESET
· The starting CCE index of the candidate within the above search space

How the UE implicitly determines the resource set based on the above factors can also be configured semi-statically. Dynamic signaling is used to select a PUCCH resource from within the implicitly selected PUCCH resource set.
This procedure can be applied for the considered scenario as follows. First, a UE is semi-statically configured to choose a PUCCH resource set for each PDCCH candidate across all the CORESETs configured to the UE. A default mapping is configured for each CORESET that may be used during RRC reconfigurations. All the PUCCH resource sets have at least one entry corresponding to a short PUCCH format in slot n+1, a short PUCCH format in n+2 and a long PUCCH format in slot n+2. Each PUCCH resource set only has entries for one of the cases, i.e., less than or greater than 2 bits. Then a PUCCH resource for a PDSCH received in a particular slot, is determined using the steps below. 
· A PUCCH resource set which also effectively decides whether a PUCCH format of up to 2 bits or greater than 2 bits is used is determined by the UE implicitly based on the payload size. Additionally, the CCE index, the search space of the successfully received PDCCH and optionally the identifier (RNTI) used to scramble the PDCCH could be used as well to determine a single resource set if the blocking is considered to be too high with the use of only the payload.
· The dynamic signaling (2 bits) in the DCI message is used to determine a single PUCCH resource from within the chosen PUCCH resource set.

After initial access when an RRC configuration is not available, a default mapping of a PUCCH resource set for each of the PDCCH candidates in the CORESET carrying the common search space where the remaining system information (RMSI) is received is specified. To handle the case where RRC configuration information is ambiguous during RRC reconfigurations, a default mapping of PUCCH resource sets for each of the PDCCH candidates in the CORESET is configured as part of the CORESET configuration.
The use of explicit resource determination as described above gives the gNB more flexibility to control the latency of the HARQ-ACK feedback. To illustrate this, consider the following example configuration of PDCCH candidates, blind decodes and PUCCH resources within the considered example. 
Let us consider that slot n has two CORESETs configured to four different UEs. Each CORESET has two PDCCH candidates. The four PDCCH candidates are numbered 1, 2, 3 and 4 with candidates 1 and 2 in the first CORESET and candidates 3 and 4 in the second CORESET. Let us consider four PUCCH resources, A, B, C and D with resources A and B in slot n+1 and C and D in slot n+2. Now, let’s consider that there are four UEs, U1, U2, U3 and U4 with two blind-decode candidates each configured as follows.
Table 1: Example of Association of Blind Decode Candidates to UEs
	U1
	U2
	U3
	U4

	BD=1, BD=3
	BD=2, BD=4
	BD=1, BD=4
	BD=2, BD=3



Let us consider that the mapping from PDCCH candidate to PUCCH resources if only implicit resource determination is used, is {1, 2, 3, 4} => {A, B, C, D}. Then, let us consider that UEs, U1, U3 are scheduled together. It is clear that once U1 is scheduled in PDCCH candidate 1, U3 can only be scheduled in candidate 4. And since candidate 4 is mapped to PUCCH resource D in slot n+2, U3 must suffer a two slots delay in getting its HARQ feedback.
Now let us consider that the RRC configuration to resources sets for the four UEs scheduled is {1, 2, 3, 4} => {{A, C}, {B, D}, {B, D}, {A, C}}. Then if we consider, as in the case for the implicit approach above that UEs, U1 and U3 are scheduled together, U1 uses resource set {A, C} and U3 uses resource set {B, D}. Now with a single bit sent in the DCI message scheduling the PDSCH for each UE, the gNB can direct U1 to choose PUCCH resource A and U3 to choose PUCCH resource B and the gNB can get HARQ-ACK feedback for U3 in slot n+1 instead of slot n+2.
In essence, the inclusion of multiple options within the resources set provides flexibility to control latency dynamically. This can also be extended to other attributes. For instance, the resource set could have multiple entries corresponding to different PUCCH formats so that the gNB can dynamically direct the UE to choose between the different formats. Or the different entries in the chosen set could correspond to PUCCH resources in different OFDM symbols within the same slot.
Another approach to incorporate the use of dynamic signaling is to first select a resource set whose entries are restricted to a particular slot and a short or long PUCCH format with implicit PUCCH resource determination based on payload then being used to determine the PUCCH resource from within the resource set. The steps for PUCCH resource determination for the considered scenario may be delineated as follows.
· The dynamic signaling in the DCI message is used to choose between certain resource sets that are configured semi-statically. For example, the DCI message may be used to determine whether a PUCCH resource set in slot n+1 or slot n+2 is used and to determine whether the resource set includes entries corresponding to short or long PUCCH. 
· Whether a PUCCH format of up to 2 bits or greater than 2 bits is used is determined by the UE implicitly based on the payload size. The use of CCE index, the search space of the successfully received PDCCH and optionally the identifier (RNTI) used to scramble the PDCCH can be considered if blocking is too high with the use of only the payload for implicit determination of resources.

Observation: Explicit PUCCH resource determination provides more flexibility in controlling key aspects such as latency and choice of PUCCH format. 

Finally, the considered scenarios that the resource determination methods are designed for is important with the most important factor being the number of UEs that are expected to be scheduled simultaneously. In practice, this is not expected to be too high, e.g, probably less than 20 UEs especially considering the higher numerologies that may be used. To put the design constraint in perspective, having four bits in the DCI enables the gNB to dynamically configure one of 16 resources explicitly for up to 16 UEs that are scheduled simultaneously without suffering any blocking. Thus, the use of 2 bits in the DCI with some additional implicit resource determination based on payload is most likely sufficient. This approach can well support the dynamic switching between long and short PUCCHs by mixing the resources of long and short PUCCHs in a resource set and unevenly-distributed numbers of resources between long and short PUCCHs, as opposed to the approach where a resource sets can include the resources of a particular PUCCH format. are configured per PUCCH format. If more resource sets need to be configured for better flexibility, additional  resource sets can be configured for different payloads [1].

Based on the above discussions of both implicit and explicit methods of PUCCH resource determination we propose the following.
Proposal 1: 
· AUE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size where
· For K PUCCH resource sets, the PUCCH resource set i for includes the configuration of PUCCH formats where each can be used to transmit Ni to Ni+1-1 UCI bits for i=0, …, K-1 and N0=1.
· If K > 1, Ni is semi-statically configured. 
· A DCI field with 2 bits is used to select a configured PUCCH format resource in a PUCCH resource set.
· FFS: value of K. (Example: K=4)
· FFS: One of the PUCCH resources can be implicitly derived.
Parameters of PUCCH resource
In the previous meeting and the following email discussion [90b-NR-30], the parameters configured in PUCCH resource sets and their corresponding value ranges for PUCCH format 0 to 4 were in general agreed. However, some details are remained to resolved. In the following we express our view on the remaining issues.
One of the open issue is that whether to implicitly determine some of the parameters of a PUCCH resource. For PUCCH format 0 and 1, the PUCCH resources, including the index of cyclic shift and OCC and the PRB can be implicitly known by the UE. As we discussed in the previous section, we prefer to use implicit methods to determine a PUCCH resource set however the parameters of each PUCCH resource is configured. Implicit methods can be considered additionally if needed. 
Moreover, on the open issues related to the starting symbol of PUCCH format 0 and 2, we discussed in our companion contribution [2][3] that it should not be dependent on the non-slot based transmission. Also, we discussed the benefit of configurability of the PRB resources for the second hop of a PUCCH transmission in [4]-[6] frequency hopping is enabled. The corresponding proposals are provided here for convenience
Hence, we propose to consider the following proposal:
Proposal 2:
· Configuration of a PUCCH Format 0 or 2 transmission time within a slot is not dependent on the non-slot based transmission. 
Proposal 3:
· For PUCCH Format 0 and 2 with two symbols duration and PUCCH Format 1, 3 and 4,
· when the frequency hopping is enabled, the index of the starting PRB in the second hop is configurable similarly to the first hop.
· when the frequency hopping is disabled, the index of the starting PRB in the second symbol is the same as the index of the starting PRB in the first symbol.

Proposal 4:
· [bookmark: _Hlk498720425]Parameters configured in PUCCH resource sets and their value ranges are updated as the following (marked red):

	 
	PUCCH 
Format 0
	PUCCH 
Format 1
	PUCCH 
Format 2
	PUCCH 
Format 3
	PUCCH 
Format 4

	Number of symbols in a slot
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	4 – 14
(FFS: special values for implicit derivation)

	Index for identifying starting PRB
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	√
	√
	√

	
	Value range
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
	0 - [274]
	0 - [274]

	Index of initial cyclic shift
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	N.A.
	FFS
(for DMRS)
	FFS
(for DMRS)

	
	Value range
	0 – 11
	0 – 11
	N.A.
	0 – 11
	0 – 11

	Index of time-domain OCC
	Configurability
	N.A.
	√
(FFS if implicit derivation is also used)
	N.A.
	N.A.
	N.A.

	
	Value range
	N.A.
	0 - 6
	N.A.
	N.A.
	N.A.



Other configuration related to PUCCH formats
With respect to RRC parameters, there are few parameters that are agreed to be configured but the details related to their corresponding value range is missing. One is related to the CSI and SR configuration and the other is related to the maximum configured code rate per PUCCH format where for the latter we propose to reuse the LTE values. Hence the following proposal is to address these open issues:
Proposal 5:
· Define the following value ranges for the RRC parameters listed below:
	RRC parameters
	Value range

	PUCCH-F0-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	PUCCH-F1-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	PUCCH-F2-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	PUCCH-F3-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	PUCCH-F4-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	SR-resource
	PUCCH-resource-config-PF0, PUCCH-resource-config-PF1

	CSIResourceConfig
	PUCCH-resource-config-PF2, PUCCH-resource-config-PF3, PUCCH-resource-config-PF4



Conclusions
In this contribution we address our view regarding the resource allocation for PUCCH and propose the following:
Proposal 1: 
· A UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size where
· For K PUCCH resource sets, the PUCCH resource set i for includes the configuration of PUCCH formats where each can be used to transmit Ni to Ni+1-1 UCI bits for i=0, …, K-1 and N0=1.
· If K > 1, Ni is semi-statically configured. 
· A DCI field with 2 bits is used to select a configured PUCCH format resource in a PUCCH resource set.
· FFS: value of K. (Example: K=4)
· FFS: One of the PUCCH resources can be implicitly derived.
Proposal 2:
· Configuration of a PUCCH Format 0 or 2 transmission time within a slot is not dependent on the non-slot based transmission. 
Proposal 3:
· For PUCCH Format 0 and 2 with two symbols duration and PUCCH Format 1, 3 and 4,
· when the frequency hopping is enabled, the index of the starting PRB in the second hop is configurable similarly to the first hop.
· when the frequency hopping is disabled, the index of the starting PRB in the second symbol is the same as the index of the starting PRB in the first symbol.

Proposal 4:
· Parameters configured in PUCCH resource sets and their value ranges are updated as the following (marked red):

	 
	PUCCH 
Format 0
	PUCCH 
Format 1
	PUCCH 
Format 2
	PUCCH 
Format 3
	PUCCH 
Format 4

	Number of symbols in a slot
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	4 – 14
(FFS: special values for implicit derivation)

	Index for identifying starting PRB
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	√
	√
	√

	
	Value range
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
	0 - [274]
	0 - [274]

	Index of initial cyclic shift
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	N.A.
	FFS
(for DMRS)
	FFS
(for DMRS)

	
	Value range
	0 – 11
	0 – 11
	N.A.
	0 – 11
	0 – 11

	Index of time-domain OCC
	Configurability
	N.A.
	√
(FFS if implicit derivation is also used)
	N.A.
	N.A.
	N.A.

	
	Value range
	N.A.
	0 - 6
	N.A.
	N.A.
	N.A.



Proposal 5:
· Define the following value ranges for the RRC parameters listed below:
	RRC parameters
	Value range

	PUCCH-F0-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	PUCCH-F1-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	PUCCH-F2-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	PUCCH-F3-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	PUCCH-F4-maximum-coderate
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80, Reserved}

	SR-resource
	PUCCH-resource-config-PF0, PUCCH-resource-config-PF1

	CSIResourceConfig
	PUCCH-resource-config-PF2, PUCCH-resource-config-PF3, PUCCH-resource-config-PF4
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Appendix
The following agreements have been made in previous meetings. 
Agreements: (RAN1#87)
· 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: (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: (RAN1#91bis)
· For both slot-based and non-slot based DL transmissions, and for indentifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 
· Starting symbol in the slot;
· Number of symbols;
· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).
· FFS: It is configured for one for multiple PUCCH formats.
· Starting PRB;
· FFS granularity: PRB, RBG, or subband.
· FFS: Number of PRBs.
· FFS: Code resources.
· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 
· FFS: Configurable values.
· FFS: Some of above parameters can be partly implicitly derived.
· FFS: Possible joint encoding for some of above parameters.
Agreements: (RAN1#91bis)
· The PUCCH resource for SR only transmission is semi-statically configured.
· The PUCCH resource for P-CSI only transmission is semi-statically configured
· FFS PUCCH resource allocation for semi-persistent CSI

Agreements; (RAN1#91bis – Email discussion [90b-NR-30])
Table 1 contains the parameters configured in PUCCH resource sets. That means: For each  parameter in the in the following table, a set of values can be configured respectively for a set of PUCCH resources. And a value among them can be determined when DCI indicates the index of the corresponding PUCCH resource. Alternatively, the values for some parameters can also be implicitly derived, if implicit resource indication mechanism is used. An entry in the PUCCH resource set corresponds to one column in the table 1. This resource is defined by some parameters which are the rows of the table
· Note 1: RAN1 needs to further study if the resources of some formats in Table 1 are jointly configured in a resource set.
· Note 2:  In Table 1, a parameter with “FFS: special values for implicit derivation” or “FFS if implicit derivation is also used” implies that Ran 1 needs further discussion to determine if implicit and/or explicit methods are used to determine the particular parameter in the entry of PUCCH resource. If an implicit mechanism is used, the corresponding value range may shrink and/or a special value outside the value range may be added for indicating “implicit derivation”, or the configurability may be completely disabled..
· Note 3: RAN1 needs to further study if same or different sets of PUCCH resources in Table 1 are configured for PDSCH mapping type A (slot-based transmission) and type B (non-slot-based transmission).
Table 2 contains the semi-statically configured parameters. That means: A value would be configured for each  parameter in the following table.
Table 1: Parameters configured in PUCCH resource sets and their value ranges 
	[bookmark: _Hlk498723212] 
	PUCCH 
Format 0
	PUCCH 
Format 1
	PUCCH 
Format 2
	PUCCH 
Format 3
	PUCCH 
Format 4

	FFS: Starting slot
	Configurability
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	-     12 and 13;
-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	-     12 and 13;
-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	0 – 10
(FFS: special values for implicit derivation)

	Number of symbols in a slot
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	4 – 14
(FFS: special values for implicit derivation)

	Index for identifying starting PRB
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	√
	√
	√

	
	Value range
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
	0 - [274]
	0 - [274]

	Number of PRBs
	Configurability
	N.A.
	N.A.
	√
	√
	N.A.

	
	Value range
	N.A.
(Default is 1)
	N.A.
(Default is 1)
	1 – [16]
	1 - 6, 8 - 10, 12, 15, 16
	N.A.
(Default is 1)

	Enabling a frequency hopping
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	On/Off
(only for 2 symbol)
	On/Off
	On/Off
(only for 2 symbol)
	On/Off
	On/Off

	[bookmark: _Hlk498721809]FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
	Configurability
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	FFS
	FFS
	FFS
	FFS
	FFS

	Index of initial cyclic shift
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	N.A.
	FFS
(for DMRS)
	FFS
(for DMRS)

	
	Value range
	0 – 11
	0 – 11
	N.A.
	0 – 11
	0 – 11

	Index of time-domain OCC
	Configurability
	N.A.
	√
(FFS if implicit derivation is also used)
	N.A.
	N.A.
	N.A.

	
	Value range
	N.A.
	0 - 6
	N.A.
	N.A.
	N.A.

	Length of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	2, 4

	Index of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	0, 1, 2, 3


 Table 2: Semi-statically-configured parameters and their value ranges
	 
	PUCCH 
Format 0
	PUCCH Format 1
	PUCCH 
Format 2
	PUCCH Format 3
	PUCCH Format 4

	Number of slots
	Configurability
	N.A.
	Configured
	N.A.
	Configured
	Configured

	
	Value range
	N.A.
	1, y1, y2, y3
	N.A.
	1, y1, y2, y3
	1, y1, y2, y3
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