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1	Introduction
The following agreements were made in RAN1#106-e regarding RE mapping, sequence design for PF0/1, and UCI payload and rate matching for PF4:Agreement #1:
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 #2:
For PF0/1 for PUCCH resource sets prior to RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.

Agreement #3:
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

Conclusion:
For enhanced (multi-RB) PF4, maintain the same maximum UCI payload limit as in Rel-15/16 (115 bits).
 
Agreement #4:
· 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).











The following agreements were made in RAN1#106-e regarding the number of RBs for PF0/1/4 and how the number of RBs is configure both prior to and after RRC configuration.Agreement #5:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 120 kHz SCS

Agreement #6:
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 #7:
· 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

Agreement #8:
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 #9:
· 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




The one remaining issue is the contruction of PUCCH resource sets prior to RRC configuration, and that issue is discussed in this contribution.
2	PUCCH Resource Sets Prior to RRC Configuration
2.1	Subcarrier Spacing
Prior to RRC configuration, a set of cell-specific PUCCH resources are configured via SIB1 for the initial UL BWP (of the PCell). The parameter pucch-ResourceCommon indicates the configuration by pointing to a row index 0..15 of Table 9.2.1-1 in 38.213. The hierarchy of this parameter in 38.331 is as follows:
SIB1  ServingCellConfigCommonSIB  UplinkConfigCommonSIB  BWP-UplinkCommon  PUCCH-ConfigCommon  pucch-ResourceCommon
The parameter pucch-ResourceCommon is present only for the initial UL BWP (BWP#0) configuration provided by SIB1, i.e., for the PCell; it is absent for other BWPs. Only PUCCH formats 0 and 1 can be configured prior to RRC, and we see no reason to change this for the 52.6 – 71 GHz band.
pucch-ResourceCommon                INTEGER (0..15)              OPTIONAL,   -- Cond InitialBWP-Only

	Conditional Presence
	Explanation

	InitialBWP-Only
	The field is mandatory present in the PUCCH-ConfigCommon of the initial BWP (BWP#0) in SIB1. It is absent in other BWPs.



Additionally, we observe that according to RAN1 and RAN level agreements, initial access (i.e., on PCell) is supported only for 120 and 480 kHz SCS. Hence 960 kHz SCS is not needed for the initial UL BWP. Hence we propose:
[bookmark: _Toc79057992][bookmark: _Toc83658062]For PUCCH resource sets prior to RRC configuration, support only 120 and 480 kHz SCS.
2.2	PUCCH Resource Configuration Table
For Rel-15/16, the existing table of possible PUCCH resource configurations is given by the following:
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}



In Rel-15/16, the parameter pucch-ResourceCommon provided via SIB1 indicates which row of this table is to be used for the cell. Within the indicated row, the UE determines the PUCCH resource configuration in terms of an allocated frequency position of the PUCCH resource (an RB index) and a cyclic shift index (one of the NCS possible values in the last column of the above table). Both the RB index and cyclic shift index are a function of the PUCCH resource index  which in turn is derived based on the PUCCH resource indicator (PRI) field in the received DCI and the index of the first CCE of the detected PDCCH. The RB index gives the position of the first hop. The position of the second hop is the opposite side of the BWP. In this way, the UE is allocated a PUCCH resource from a set of 16 possible PUCCH resources defined for the cell. Figure 1 shows an example corresponding to row 4 of Table 9.2.1-1. For this row, the set of 16 resource configurations is based on NCS = 4 possible cyclic shift values (0, 3, 6, or 9) and 4 possible RB indexes for the first hop.
[image: ]
[bookmark: _Ref78468002]Figure 1: Example PUCCH resource configuration corresponding to row 4 of Table 9.2.1-1.
In the above Rel-15/16 procedure, the RB index of the first and 2nd hop is calculated based on the PUCCH resource index , the size of the initial UL BWP, and additionally a PRB offset (2nd last column of Table 9.2.1-1). The underlying assumption is that a PF0/1 resource consists of only a single RB.
For Rel-17, fortunately it is straightforward to modify the procedure to account for multiple RBs by adjusting the calculation of the RB index of the first and 2nd hop such that it refers to the lowest-indexed RB of the multi-RB PUCCH resource. In this way, Table 9.2.1-1 can be resused "as is," and only the related procedure text in Section 9.2.1 in 38.213 requires a modification. This is facilitated by the agreement from RAN1#106-e (see Agreement #9 above) that the number of RBs  is signaled by SIB1.
The required modifications to the procedure text in Section 9.2.1 would be as follows: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: ]


Figure 2 shows an example of the multi-RB PUCCH resource set construction corresponding to row 4 (same row as considered Figure 1 for the case of single-RB PF1) using the above modified procedure text.
[image: ]
[bookmark: _Ref78468087]Figure 2: Example PUCCH resource configuration corresponding to row 4 of Table 9.2.1-1 extended to support enhanced (multi-RB) PUCCH Format 0/1, i.e., NRB > 1.
The above approach is a straightforward update of the existing specification to support enhanced (multi-RB) PF0/1 used prior to RRC configuration. Such an approach was discussed in RAN1#106-e (see discussion summary in [1]), and seemed to have good support. However, some companies mentioned they would like to revisit the potential issue of RB shortage given that the maximum number of RBs that can be configured for PF0/1 is 16, which could mean that not all 16 PUCCH resources in a resource set could be available if the initial bandwidth part is small.

In our view, potential RB shortage is not a strong concern due to the following:
· The number of needed PUCCH resources prior to RRC configuration is a function of how many users within the same gNB receive beam are expected to be performing initial access at the same time and thus require cell-specific PUCCH, e.g., for HARQ-ACK of Msg4. As has been discussed extensively during this WI, there is not a need to support a high degree of user multiplexing for operation in the 52.6 – 71 GHz band due to that it is extremely rare that there would be a significant number of users same narrow beam. Hence the the full set of 16 PUCCH resources would rarely be needed.
· Each row of the existing Table 9.2.1-1 provides a set of 16 resources, and this can be always ensured for any practical BWP size by appropriate configuration of the number of RBs via SIB1. If needed, however, the gNB can trade PUCCH coverage and PUCCH capacity.
· To maximize coverage, the gNB can configure the number of RBs as 16, and live with the fact that for some rows of the PUCCH configuration table, the full set of 16 PUCCH resources may not be usable due to frequency domain resource overlap for the special case of 120 kHz with initial UL BWP corresponding to the minimum supported bandwidth, i.e., 100 MHz (66 RBs). The gNB by implementation can avoid such PUCCH resources by appropriate signaling of r_PUCCH. For example, the gNB can ensure that the red and blue resources in Figure 2 are used first
· We observe that any row in the PUCCH resource configuration table with a set of 4 initial cyclic shift indices (10 out of the 16 rows) can make full use of all 16 PUCCH resources in the set even if the number of RBs is configured as 16.
· To maximize PUCCH capacity for rows of the PUCCH resource configuration table with fewer than 4 initial cyclic shift indices (6 out of the 16 rows), the gNB can configure a smaller number of RBs, and make use of all 16 PUCCH resources in the set.

Furthermore, according to the following note from an Agreement in RAN1#105-e, there should be no further enhancements to address a potential RB shortage issue:· Note: No further enhancements on RB shortage issue and frequecy hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration

This means that the following enhancements are out-of-scope for PUCCH resources prior to RRC configuration:

· Introduction of additional time domain starting positions and/or additional OCCs
· Support of a different RE mapping scheme (e.g., sub-PRB interlaced mapping)
· Equalization of hopping distance for the PUCCH resources within a set

[bookmark: _Toc83658058]According to previous agreements, the following enhancements for PUCCH resource sets prior to RRC configuration are out-of-scope:
· [bookmark: _Toc83658059]Introduction of additional time domain starting positions and/or additional OCCs
· [bookmark: _Toc83658060]Support of a new RE mapping scheme (e.g., sub-PRB interlaced mapping)
· [bookmark: _Toc83658061]Equalization of hopping distance for the PUCCH resources within a set

Based on the above we propose not to reopen the discussion on potential RB shortage, and instead we propose the following to conclude on the issue of PUCCH resource sets prior to RRC configuration:

[bookmark: _Toc83658063][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
· [bookmark: _Toc83658064]As previously agreed, the number of RBs for each PUCCH resource in a set is NRB which is signaled in SIB1
· [bookmark: _Toc83658065]The lowest-indexed RB for each PUCCH resource is a function of NRB
· The following example change to Rel-16 specifications can be recommended to the editor of 38.213 to use at his discretionIf  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: ]


Conclusion
In the previous sections we made the following observations: 
Observation 1	According to previous agreements, the following enhancements for PUCCH resource sets prior to RRC configuration are out-of-scope:
	Introduction of additional time domain starting positions and/or additional OCCs
	Support of a new RE mapping scheme (e.g., sub-PRB interlaced mapping)
	Equalization of hopping distance for the PUCCH resources within a set

Based on the discussion in the previous sections we propose the following:
Proposal 1	For PUCCH resource sets prior to RRC configuration, support only 120 and 480 kHz SCS.
Proposal 2	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 NRB which is signaled in SIB1
	The lowest-indexed RB for each PUCCH resource is a function of NRB
	The following example change to Rel-16 specifications can be recommended to the editor of 38.213 to use at his discretion
[bookmark: _In-sequence_SDU_delivery]
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