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1 Introduction

This contribution discusses remaining issues on NR PUCCH resource allocation.  
2 Discussion
2.1 Determination of maximum UCI payload size
In the RAN1 #91 meeting [1] the agreements on payload threshold are as follows:
 Agreements:

· UE determines one PUCCH resource set from one or more (up to K=4) configured PUCCH resource sets based on the UCI payload size (not including CRC). 

· PUCCH resource set i for UCI payload size  is in the range of {Ni, …, Ni+1-1} bits (i=0, …, K-1)

· N0=1, N1=3

· For i=2, …, K-1, Ni is UE-specifically configured 

· The value is in the range of {4, [256]} with a granularity of [4] bits

· NK= a max UCI payload size, which may be implicitly or explicitly derived, detailed value is FFS 
· Note: For a UCI payload range, a PUCCH resource set can contain resources for short PUCCH and resources for long PUCCH.
Based on above agreements, one open issue is how to define max UCI payload size NK. It can be assumed that the last configured PUCCH resource set supports the largest allowable UCI payload sizes subject to a configured maximum UCI coding rate. As an example, assume a UE is configured with 2 sets of PUCCH resources, S0 and S1 for HARQ-ACK feedback.  S0 is for 1-2 UCI bits while S1 is for 3 or more bits. As long as the UE is configured with a maximum coding rate for each PUCCH format contained in set S1, there is no need to define a N2 since the maximum payload size is determined from the configured coding rate and the resource configuration (number of PRBs and PUCCH duration). However, from an implementation perspective it may be beneficial to define the maximum UCI payload size supported in a given release. Since this could change from release to release it is more of a UE feature/capability discussion rather than a specification issue. 
Proposal 1: From a specification perspective, the maximum UCI payload size NK is derived from the configured coding rate and PUCCH resource configuration. Restrictions to maximum payload size can be handled under UE features/capabilities. 
2.2 PUCCH resource configuration for CSI reporting   
In the RAN1 #90bis meeting [2], the agreements on CSI and SR are as follows:

Agreements:

· 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
In RAN1 #91 meeting, further agreements on RRC parameters of PUCCH were made as follows:

 Agreements:

· Define the following value ranges for the RRC parameters listed below:

	RRC parameters
	Value range

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

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

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

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

	CSIResourceConfig 

(for the case of >2 bits)
	PUCCH-resource-config-PF2, PUCCH-resource-config-PF3, PUCCH-resource-config-PF4


When a UE is configured with CSI reporting, the potential reporting mode may be periodic, aperiodic, even semi-persistent, and moreover, CSI reporting content is diverse as well, which results in a wide variation of the CSI payload. In order to accommodate different CSI reporting, normally it is desired to configure more than one PUCCH resource for CSI reporting, as a result, UE will be able to choose different PUCCH resource based on payload size. As agreed, PUCCH resource format 2, 3, 4 can be configured based on demand. Generally, if multiple PUCCH resources are configured, it expects to provide more flexibility in CSI payload adaptation and format switching. Considering the resource limitation and complexity, 2 resources should be sufficient for one UE to support variations in CSI payload. In case of format selection, multiple PUCCH format 4 resources are unnecessary for the same multiplexing capacity since it supports the same payload.
Proposal 2:  At most 2 CSI resources supporting different payload ranges can be configured for a given UE. 
2.3  PUCCH resource allocation after RRC connection  
In the RAN1 #91 meeting, the agreements on payload threshold are as follows:
Agreements:

· 2-bit ARI jointly with implicit mapping for PUCCH resource allocation:
· >[4] (no more than 8) PUCCH resources can be configured in a resource set.
· The number of PUCCH resources in a resource set is configured.
· If larger than [4], implicit mapping in addition to explicit indication is also used.
· A sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set
· No additional RRC impact is necessary.

· Otherwise, 3-bit ARI with up to 8 resources per resource set is supported

Regarding the PUCCH resource indication after RRC connection, since at most 8 resources are configured in one resource set, then naturally it can be able to support 4 resources in one resource set. In this sense 2 bits ARI is used to indicate one resource index from this resource set. When 8 resources are configured in one resource set, 2 bits ARI is used to indicate one subset, in this case, implicit mapping way should be defined to create one mapping relationship between PDSCH and one specific resource. Based on LTE mechanism, the lowest CCE index of one PDCCH is used to map to one specific PUCCH resource, hence, generally, similar mechanism can be considered in NR. One difference in NR is that only two resources within one subset need to be differentiated. Hence, only even and odd resource index are derived by the implicit mapping.
Proposal 3: Consider using CCE index for implicit mapping in PUCCH resource allocation. 
When one PUCCH carries ACK/NACK information of multiple PDSCHs, the above method will encounter some challenges. One is PDCCH missing, and another is variable PDSCH number within one PUCCH reporting window. In the following paragraphs we discuss this issue from semi-static codebook and dynamic codebook respectively.
· Case 1: Semi-static HARQ-ACK codebook
In this case, the maximum PDCCH number within one PUCCH reporting window is fixed and PUCCH is configured to carry the maximum HARQ-ACK payload. Since ACK/NACK payload is pre-determined based on the RRC configured HARQ-ACK timing, it is not necessary to have dynamic resource allocation for different PDCCHs. Considering PDCCH missing may bring confusion for UE in PUCCH resource mapping, it is desired to use same ARI indication in all transmitted PDCCHs. Meanwhile, additional CCE indexing is not needed since same resource is expected from PDCCH indication. In this case, a resource set comprised of 4 resources can be used, where 2 bits ARI is used to determine one resource from this resource set. With this solution, ARI can still provide flexibility in resource selection.
Proposal 4:  Use 2 bits ARI to indicate one resource from a set of 4- PUCCH resources when semi-static codebook is configured. 
· Case 2: Dynamic HARQ-ACK codebook
In the dynamic codebook case, one challenge is variable numbers of PDSCH within one PUCCH reporting window. The expected PDSCH number is relying on actual received PDCCH number. Since it is dynamic scheduling, using one fixed PUCCH resource may be problematic. For example, it is hard to predict the HARQ-ACK payload at the first PDCCH scheduling occasion. One simple method is using later PDCCH assigning a PUCCH resource to substitute early PDCCH assignment. However, PDCCH missing is still one big issue. In order to ensure reliable performance, it is better to improve the PDCCH reliability or reserve more than one PUCCH resource. Since PDSCH scheduling within one PUCCH reporting window is not predictable, more than one PUCCH configuration is preferred. In this case, UE can report the ACK/NACK based on the last detected PUCCH resource, but since the last PDCCH is possibly missed, the second to last PDCCH associated PUCCH resource can be used to transmit the ACK/NACK information. Based on this method, gNB may need to conduct PUCCH blind detection in more than one PUCCH resource. From UE perspective, it may not be aware of gNB resource assignment for more than one resource, and usually, UE will send ACK/NACK information in the last PDCCH assigned PUCCH resource. But for gNB, it is better to assign different PUCCH resource for different PDCCH to assist PUCCH reporting.
Proposal 5:   UE always sends HARQ-ACK information based on last detected PDCCH when dynamic HARQ-ACK codebook is configured.
2.4 PUCCH resource allocation before RRC connection  
 In the RAN1 #91 meeting, the agreements on payload threshold are as follows:
Agreements:

· For resource allocation for HARQ-ACK before RRC connection setup: 
· Only PUCCH Format 0 and 1 are supported 

· The resource allocation is derived based on a 4-bit parameter in RMSI 

· FFS other details (no additional RRC impact)

· For resource allocation for HARQ-ACK before RRC connection setup, UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup.

In the initial access stage, a UE has not yet received dedicated RRC signaling including PUCCH configuration. Thus, PUCCH related parameters, including the PUCCH resource set for acknowledging RA Msg4, will be derived from RMSI.  The main question, therefore, is how to derive the set of PUCCH resources and all the parameters required for transmitting either PUCCH format 0 or 1 when only a 4-bit PUCCH field is provided by RMSI. It should be clear that some form of implicit resource determination is needed. For example, PUCCH format, starting symbol, PUCCH duration can be indicated by RMSI. But the UE still needs to derive other parameters. 

Since a cyclic shift of a base CAZAC sequence is used for both PUCCH formats 0 and 1, it is necessary to define a minimum cyclic shift gap (denoted in LTE as Δshift ϵ {1, 2, 3}) to mitigate inter-user interference when multiple users are assigned cyclic shifts within the same PRB. This has to be part of the PUCCH information provided by RMSI. 
 In case of RMSI indication method, separate indication or joint indication with RMSI information field can be considered. Since only 4 bits are available in RMSI, a tabular approach can be used where each entry of the table indicates a set of cell-common PUCCH parameters.  An example of this approach is shown in Table 1. It can be seen in Table 1 that each entry indicates the PUCCH format, starting symbol and duration, frequency hopping and minimum CS gap, which we believe are the basic set of parameters required for PUCCH transmission in the cell. Other parameters such as PRB index, initial cyclic shift and OCC (in case of format 1) can be derived from e.g. the CCE index using a similar mechanism as LTE.

Table 1 Signaling of cell-common PUCCH parameters using RMSI index 
	RMSI Index
	PUCCH Format
	Starting symbol
	Duration
	Frequency

Hopping
	Minimum CS gap, Δshift

	0
	0
	12
	2
	Yes
	1

	1
	0
	12
	2
	Yes
	2

	2
	0
	12
	2
	Yes
	3

	3
	1
	4
	10
	No
	1

	4
	1
	4
	10
	No
	2

	5
	1
	4
	10
	No
	3

	6
	1
	4
	10
	Yes
	1

	7
	1
	4
	10
	Yes
	2

	8
	1
	4
	10
	Yes
	3

	9
	1
	0
	14
	No
	1

	10
	1
	0
	14
	No
	2

	11
	1
	0
	14
	No
	3

	12
	1
	0
	14
	Yes
	1

	13
	1
	0
	14
	Yes
	2

	14
	1
	0
	14
	Yes
	3

	15
	Reserved


Proposal 6: For HARQ-ACK feedback on PUCCH before UE-specific PUCCH configuration is received, a 16-entry table is defined in the RAN specification where each entry indicates cell-common PUCCH parameters such as the PUCCH format, starting symbol and duration, minimum CS gap and frequency hopping state. The 4-bit RMSI PUCCH parameter indicates an entry of this table.
Besides RMSI indication, the resource mapping details on indicating one specific resource from one resource set should be finalized. RMSI is cell specific system information, or more precisely, it provides beam specific system information. When many UEs share one common PUCCH resource set, UE specific mapping rule should be defined to avoid collisions. As agreed by RAN1 #91 meeting, 2 bits ARI can be used to indicate one specific resource within one resource set after RRC connection. The ARI field can also be used for resource indication when a UE has not been provided by RRC signaling with a dedicated PUCCH configuration. Two possible methods are as follows:
· Method 1:  Using ARI to indicate one subset
In this method, the set of common resources indicated by RMSI is partitioned into 4 subsets given the 2-bit ARI field in DCI. Assume the number of PUCCH resources in a subset be given by 
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For implicit resource allocation when the UE has not been configured with a set of PUCCH resources, the UE first derives an intermediate PUCCH resource based on the lowest indexed CCE as follows
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Then the ARI in the DCI indicates which of the subsets the PUCCH resource belongs to. The PUCCH resource is then given by
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Where ARI = 0, 1, 2, 3. Thereafter the related parameters including OCC index, PRB index and initial cyclic shift index can be derived by this resource index 
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. In order to improve resource utilization efficiency, CCE aggregation level can be used in implicit mapping rule.
· Method 2:  Using ARI to indicate one offset
In this method, the PUCCH resource nPUCCH corresponding to a received PDCCH scheduling PDSCH can be determined from the lowest indexed CCE of the PDCCH as follows
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, where 
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is indicated by ARI to represent an offset to avoid resource collision similar as LTE EPDCCH. 

Considering limited bits in ARI, a small offset set can be defined, for example, {-2, -1, 1, 0}. After get the final PUCCH resource index 
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 , UE can be able to get one set of parameter configuration, including OCC index, PRB index and initial cyclic shift index etc.
Proposal 7:  Use ARI to indicate either PUCCH resource offset or one PUCCH resource subset index to assist PUCCH resource mapping.
3 Conclusion
In this contribution, we discussed some remaining issues on PUCCH resource allocation and provided our views on finalizing these issues. In summary, the following proposals are 
Proposal 1: From a specification perspective, the maximum UCI payload size NK is derived from the configured coding rate and PUCCH resource configuration. Restrictions to maximum payload size can be handled under UE features/capabilities. 
Proposal 2: At most 2 CSI resources supporting different payload ranges can be configured for a given UE.
Proposal 3: Consider using CCE index for implicit mapping in PUCCH resource allocation. 
Proposal 4:  Use 2 bits ARI to indicate one resource from a set of 4- PUCCH resources when semi-static codebook is configured. 
Proposal 5:  UE always sends HARQ-ACK information based on last detected PDCCH when dynamic HARQ-ACK codebook is configured.

Proposal 6: For HARQ-ACK feedback on PUCCH before UE-specific PUCCH configuration is received, a 16-entry table is defined in the RAN specification where each entry indicates cell-common PUCCH parameters such as the PUCCH format, starting symbol and duration, minimum CS gap and frequency hopping state. The 4-bit RMSI PUCCH parameter indicates an entry of this table.
Proposal 7:  Use ARI to indicate either PUCCH resource offset or one PUCCH resource subset index to assist PUCCH resource mapping.
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