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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A working item (WI) has been approved with the aim of extending NR up to 71 GHz by 3GPP TSG RAN Meeting #90 [1]. As a part of the objectives of the WI, one sub-agenda is to support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation. 
The RAN1#106-e meeting has concluded issues including the maximum number of RBs for enhanced PF0/1/4, configuration of number of RBs, configuration of number of RBs, sequence construction for enhanced PF0/1, RE mapping for enhanced PF0/1/4 for 120kHz SCS, maximum UCI payload for PF4, and rate-matching for PF4. Notably, a compromise had eventually been made on the central issue of this agenda item (AI), i.e., the maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 120/480/960kHz SCS. 
The remaining issue of this AI is the details of the PUCCH resource set construction, which will be discussion in this document.

Discussion
2.1 PUCCH Resource Set Construction 
	From RAN1#106-e meeting
Agreement:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1

Proposal 10 from FLS of AI 8.2.3 of RAN1#106-e	
[bookmark: _Toc79057994]For 120 and 480 kHz SCS, reuse the Rel-15 PUCCH configuration table 9.2.1-1 for configuration of PUCCH resource sets prior to RRC configuration for enhanced (multi-RB) PUCCH formats 0/1
· As previously agreed, the number of RBs for each PUCCH resource in a set is N_RB which is signaled in SIB1
· The lowest-indexed RB for each PUCCH resource is a function of the N_RB and the RB offset provided by Table 9.2.1-1
· FFS: Further details
 
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}







During the RAN1#106-e, issues under PUCCH resource set prior to RRC were discussed, including how to indicate the number of RBs for enhanced PF0/1 and the corresponding PUCCH resource set constructions. The first issue was concluded by agreeing to support a parameter in SIB1 that indicates the number of RBs for enhanced PUCCH format 0/1. Note that with the agreed alternative, the same N_RB is indicated for each row of the PUCCH configuration table, for example as shown in the FLS summary proposal 10 above. Therefore, for the further study point on the lowest-indexed RB for each PUCCH resource as a function of the N_RB, only the details provided by FL in the example construction 1 as appended below is relevant. Once N_RB is indicated, the UE can determine the lowest-indexed RB indices according to the equations provided in this example, i.e.,  the lowest PRB index of the PUCCH transmission in the first hop is  and the lowest PRB index of the PUCCH transmission in the second hop as  for the cases with ; and the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as  for the cases with , where  is the row indices for selecting a resource to use in Table 9.2.1-1 and the gNB is supposed to ensure that for any row that is indicated, N_RB and initial UL BWP size are compatible to ensure that 16 PUCCH resource can be constructed. 
Proposal 1. The equations in the Example Construction 1 by FL for addressing different rows in Table 9.2.1-1 is sufficient to calculate the lowest PRB indices as a function of the N_RB and the RB offset. 

	Example Construction 1 (same N_RB for each row):
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as 
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]



2.2 RB Shortage  
	From RAN1#105-e meeting
Agreement:
· For 120 kHz SCS:
· Support at least Alt-1 for enhanced PF0/1 for both PUCCH resources before and after dedicated PUCCH resource configuration
· FFS: Whether or not Alt-2 is additionally supported for PF0/1 for either or both of the following:
· PUCCH resources before dedicated PUCCH resource configuration
· PUCCH resources after dedicated PUCCH resource configuration
· FFS: Supported RE mapping scheme(s) amongst {Alt-1, Alt-2} for enhanced PF4 including design details
· Notes:
· Alt-1 = all Res within each RB are mapped
· Alt-2 = a subset of Res within each RB are mapped (sub-PRB interlaced mapping)
· Which RE mapping scheme(s) to support for PF0/1/4 to be concluded in RAN1#106
· Note: No further enhancements on RB shortage issue and frequency hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration.


Question: What is your view on how a potential shortage of RBs should be handled based on a given size of the UL BWP, given configured/specified value of N_RB, and given row index in the configuration table? Some examples provided by company contributions are the following:
· Alt-1: Allow Gnb to configure an appropriate value of N_RB to ensure there is no shortage for the desired row index
· This is related to Alt-1 in Section 5.1
· Alt-2: Hardwired value(s) in specification ensure there is no shortage
· This is related to Alt-2 in Section 5.1
· Alt-3: UE calculates N_RB based on the size of the initial BWP and the required number of FDM resources for each PUCCH resource set (row of the configuration table) to ensure there is no shortage
· This is related to Alt-3 in Section 5.1
· Alt-4: Specify additional OCCs and/or SLIVs for some rows of the table to allow a full set of 16 resources to be constructed
· Alt-5: Disallow large PRB offsets in the table when multiple RBs are configured
· Alt-6: Restrict allowed values of the PUCCH resource index r_PUCCH so that for some rows of the configuration table a full set of 16 resources is not constructed
· Combination of the above alternatives
· Other alternatives?




During RAN1#106-e, it was raised by several companies that because the issue of potential shortage of RB that may prevent that all 16 common PUCCH resources in Table 9.2.1-1 can be made available, it should be revisited despite that an agreement containing a note was made on ‘No further enhancement on RB shortage issue and frequency hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration’. The note was included by the agreement at the time of the discussion when the maximum number of RBs were preliminary, i.e., 12/3/2 RBs for 120/480/960 kHz SCSs, while the numbers were finalized one meeting afterwards to allow 16/16/16 RBs for 120/480/960 kHz SCSs. It has not been discussed whether it is needed for the RB shortage issue to be revisited under the newly allowed maximum RB numbers. In our view the increase of the maximum number of RBs can make the RB shortage problem substantially worse, so it is warranted to confirm whether or not we wish to address the RB shortage problem.
Observation 1. The prior Note on no further enhancement on RB shortage issue was included by the agreement at the time of the discussion when the maximum number of RBs were 12/3/2 for 120/480/960kHz SCS were preliminary, while the numbers were finalized one meeting afterwards. It has not been discussed whether it is needed for the RB shortage issue to be revisited under the newly allowed maximum RB numbers 16/16/16 for 120/480/960kHz SCS. 
Proposal 2. The increase of the maximum number of RBs can make the RB shortage problem substantially worse, so it is warranted to confirm whether or not RAN1 wish to address the RB shortage problem. 

Although the option to leave the issue to gNB implementation is still viable, there was still concern during the discussion since the selectable rows could be limited if a larger N_RB is configured. Among the six alternatives listed during the RAN1#105-e meeting, Alt-1 and Alt-4 had most of the support by companies before the note on no further enhancement on RB shortage issue was concluded, such that Alt-1 was automatically down-selected. While if the meeting decides to reopen study on this issue, Alt-4 is expected to remain as a feasible option such that 16 PUCCH resources can be made available if additional OCCs and/or SLIVs are introduced for some rows of the table. However, for progress concern Alt-4 is expected to cause extra standard effort. We think that the RB shortage issue can at least be alleviated by adopting Alt-5, which disallows large PRB offset in the table 9.2.1-1 if multiple RBs are configured, since large PRB offsets were not introduced for FR2-2 but rather in Rel-15 for microcell deployment with three sectors, which may not be necessary for the higher band that has lower chance of PUCCH collisions. 
Observation 2. Alt-4 in the relevant discussion in RAN1#105-e is expected to remain as a feasible option such that 16 PUCCH resources can be made available if additional OCCs and/or SLIVs are introduced for some rows of the table. Alt-5 can also alleviate the RB shortage issue by not allowing large PRB offsets when multiple RBs are configured. 

2.3 The maximum UCI payload issue relating PF2/3 

	From RAN1#106-e meeting

Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).
Conclusion:
For enhanced (multi-RB) PF4, maintain the same maximum UCI payload limit as in Rel-15/16 (115 bits).



Most of the issues under the WI objective of enhancing PF0/1/4 for FR2-2 have been discussed independent of the need of considering other formats, i.e., PF2/3. Recall that one key initiative to determine that PF0/1/4 are the only formats that should be enhanced for FR2-2 was that originally, they only allow 1 RB to carry UCI, thus may lead to coverage losses, while PF2/3 already allows up to 16 RBs for the UCI to be carried. Based on accumulated simulation results through meetings and some considerations about uniformity across formats, the number 16 is also adopted for enhanced PF0/1/4 for FR2-2. While one inherent assumption is that since PF2/3 do not restrict themselves to use only one RB, an enhancement is not necessary in Rel-17 for FR2-2. 
Overall, it still seems reasonable to keep all five PUCCH formats with three of them enhanced, since the two that have not been enhanced can address other scenarios, e.g., PF2 as a short duration format can carry more UCI bits in comparison with the other short duration format PF0; PF3 as a long duration format is expected to handle large UCI payload cases, since for enhanced multi-RB PF4, maintaining the same maximum UCI payload as in Rel 15/16 (115 bits) is expected. One remaining concern is that whether PF2/3 is expected to deliver a satisfactory coverage performance, especially for PF3 when more than 115 bits are associated, even if it uses 16 as the maximum number of RBs, given that it has not been studied in this agenda. Although it is not expected that further consideration for the case of PF3 with larger than 115 bits payload size is possible at this stage, it is still possible to take this concern into account and make further agreement despite that a conclusion was made on maintaining the same UCI payload limit as in Rel 15-16. It is more reasonable that the UCI payload limit is not restricted for enhanced PF4 in case the unenhanced PF3 turns out not being capable of delivering good coverage when 16 RBs is used for FR2-2. This can be an important issue before completing the enhancement of PF0/1/4 by consideration of reuse of legacy PF2/3. 
Observation 3. One remaining concern is that whether PF2/3 is expected to deliver a satisfactory coverage performance, especially for PF3 when more than 115 bits are associated, even if it uses 16 as the maximum number of RBs, given that it has not been studied in this agenda. 
Proposal 3. It is more reasonable that the UCI payload limit is not restricted for enhanced PF4 in case the unenhanced PF3 turns out not being capable of delivering good coverage when 16 RBs is used for FR2-2. 

Conclusion
This document continues the discussions for enhancing PUCCH formats 0/1/4. It is recommended that reopening of the RB shortage issue can be considered. It is also recommended that the UCI payload limit is not restricted for PF4 because PF3 has not been proven for its capability to provide good coverage under the larger UCI payload scenario for FR2-2. 
Observation 1. The prior Note on no further enhancement on RB shortage issue was included by the agreement at the time of the discussion when the maximum number of RBs were 12/3/2 for 120/480/960kHz SCS were preliminary, while the numbers were finalized one meeting afterwards. It has not been discussed whether it is needed for the RB shortage issue to be revisited under the newly allowed maximum RB numbers 16/16/16 for 120/480/960kHz SCS. 
Observation 2. Alt-4 in the relevant discussion in RAN1#105-e is expected to remain as a feasible option such that 16 PUCCH resources can be made available if additional OCCs and/or SLIVs are introduced for some rows of the table. Alt-5 can also alleviate the RB shortage issue by not allowing large PRB offsets when multiple RBs are configured. 
Observation 3. One remaining concern is that whether PF2/3 is expected to deliver a satisfactory coverage performance, especially for PF3 when more than 115 bits are associated, even if it uses 16 as the maximum number of RBs, given that it has not been studied in this agenda. 
Proposal 1. The equations in the Example Construction 1 by FL for addressing different rows in Table 9.2.1-1 is sufficient to calculate the lowest PRB indices as a function of the N_RB and the RB offset. 
Proposal 2. The increase of the maximum number of RBs can make the RB shortage problem substantially worse, so it is warranted to confirm whether or not RAN1 wish to address the RB shortage problem. 
Proposal 3. It is more reasonable that the UCI payload limit is not restricted for enhanced PF4 in case the unenhanced PF3 turns out not being capable of delivering good coverage when 16 RBs is used for FR2-2. 
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Appendix
Conclusion:
For enhanced (multi-RB) PF4, maintain the same maximum UCI payload limit as in Rel-15/16 (115 bits).

Agreement:
· For enhanced (multi-RB) PF4, the UCI payload is rate matched to the configured number of RBs, N_RB
· Note: This is analogous to Rel-16 for PF2/3 when interlacing is configured when there is a fixed number of RBs for the configured interlace(s).

Agreement:
· Support an RRC parameter to configure the number of RBs for a PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4
· The parameter is provided by dedicated signaling (per UE) per BWP
[bookmark: _Hlk80295069]Agreement:
For PF0/1 for PUCCH resource sets prior to RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.

Agreement:
In the following, Alt-1 and Alt-2 refer to the RE mapping agreement for 120 kHz from RAN1#105-e:
· For enhanced PF0/1, for PUCCH resources after RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.
· For DMRS of enhanced PF4, only Alt-1 is supported (all REs within each RB are mapped).
· Note: optimization of user multiplexing for enhanced PUCCH format 0/1/4 is not considered in Rel-17.

Agreement:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1

Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 120 kHz SCS

Agreement:
For the agreed RRC parameter that configures the number of RBs for a PUCCH resource, the value range is given by the following, where N_RB_Max is the maximum number of RBs per SCS value
· For enhanced PF0/1
· All integer values in the range [1 .. N_RB_Max]
· For enhanced PF4
· All integer values in the range [1 .. N_RB_Max] that fulfil the requirement  where  is a set of non-negative integers

Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).

Agreement:
For enhanced PF0/1 support a single sequence of length equal to the total number of mapped Res of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
Note: this is Alt-1 from the RAN1#104 agreement
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