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1	Introduction
[bookmark: _Ref178064866]The following agreements were made in RAN1#106bis-e regarding the construction of PUCCH resource sets prior to dedicated PUCCH configuration: 
Agreement #1:
· Reuse the existing Rel-15/16 PUCCH configuration Table 9.2.1-1 in 38.213 for configuration of PUCCH resource sets prior to dedicated PUCCH configuration for 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 N_RB
· The following example change to 38.213 Section 9.2.1 can be recommended to the editor of 38.213 to use at the editor’s discretion (subject to resolution of the below FFS on the value of X)
---- Start ----
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: ]
	  ---- End ----
· FFS: Supported value of X. Down-select to one of the following alternatives:
· Alt-1: X = N_RB
· Note: This alternative is mathematically equivalent to Example Construction 1 discussed in RAN1#106-e.
· Alt-2a: X is a fixed value less than N_RB, e.g., 1, N_RB / 2, …
· Alt-2b: X is configurable, e.g., via SIB1
· FFS: Whether or not the spec explicitly captures either or both of the following error cases related to a potential RB shortage issue:
· Case 1: Some of the RBs of a PUCCH resource fall outside the initial UL BWP
· Case 2: An indicated PUCCH resource with r_PUCCH ≥ 8 overlaps the RBs of a PUCCH resource with r_PUCCH < 8. 
· FFS: Whether or not special handling for PUCCH resource set index 15 is necessary.

Agreement #2:
· In the RAN1#106bis-e agreement on construction of PUCCH resource sets prior to dedicated PUCCH configuration, the following is supported at least for PUCCH resource set indices 0 .. 14 in Table 9.2.1-1 (Alt-1 in the agreement):
· 
· FFS: Down select to one of the following alternatives for PUCCH resource set index 15
· Alt-a: 
· Alt-b: Alternative handling (to be defined)

In Agreement #1, the first FFS on the value of X is resolved in Agreement #2 at least for PUCCH resource set indices 0 .. 14. The second FFS is resolved by the following conclusion:Conclusion:
· For a common PUCCH resource set prior to dedicated PUCCH resource configuration, for some values of r_PUCCH, the corresponding PUCCH resource may not be fully contained within the initial UL BWP. The UE does not expect to receive a PRI and determine a value of r_PUCCH for which the corresponding PUCCH resource is not fully contained within the initial UL BWP
· It is left to gNB implementation to avoid such an error case, i.e., this is not explicitly captured in specifications




Thus, the only remaining issue is to down-select between Alt-a and Alt-b in Agreement #2, and that issue is discussed in this contribution.
2	PUCCH Resource Set Index 15
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 for 1st and 2nd hops) 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 for 1st and 2nd hops is also a function of the PRB offset in the 2nd last column of Table 9.2.1. In this way, the UE is allocated a PUCCH resource from a set of 16 possible PUCCH resources defined for the cell.
For Rel-15/16 where , Figure 1 shows the resource allocation and frequency hopping pattern for PUCCH resource set index 15 (row 15 of Table 9.2.1-1) which is the focus of the FFS from the prior meeting agreement. 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. For this row of the table, the PRB offset is quite large large compared to the other rows, i.e., . This means that the frequency hopping for the 16 PUCCH resources in the set is contrained to occur within the center  PRBs (12 in this example).
[image: ]
[bookmark: _Ref78468002]Figure 1: Example PUCCH resource configuration corresponding to row 15 of Table 9.2.1-1 for which the PRB offset is .

For Rel-17 with multi-RB PUCCH, there was discussion in the previous meeting [1]on whether or not the RB offset for row 15 should be scaled in the same way as for the other rows of the table (Alt-a in Agreement #2 above) or if some other special handling should be applied (Alt-b). With Alt-a, the consequence of using the scaling , is that for  the frequency hopping pattern becomes strange – it actually reverses, i.e., the 2nd hop has PRB index lower than the first hop. Moreover, the hopping is no longer constrained within the center  PRBs, and for , the PUCCH resources step outside the UL BWP.
To avoid these issues, a simple solution is to define the scaling value X in the RAN1#106bis-e agreement as  for PUCCH resource set index 15 in contrast to  which was agreed for PUCCH resource set indices 0 .. 14. Using  for set index 15 means that as  is increased, the empty resources shown in between the two hops in Figure 1 start to fill up, but the hopping still occurs within the center  PRBs as in Rel-15/16. 
Figure 2 shows the case of  when . For the case of  all resources in the gap become used. This doesn't mean that the PUCCH resources are limited to only 3 RBs. For example, the gNB could configure up to , but then avoid using  values 8 .. 15 to avoid PUCCH resource overlap. This is shown in Figure 3.
[image: ]
[bookmark: _Ref86311718]Figure 2: Multi-RB PUCCH resource configuration () for PUCCH resource set index 15 assuming the scaling value .

[image: ]
[bookmark: _Ref86311748]Figure 3: Multi-RB PUCCH resource configuration () for PUCCH resource set index 15 assuming the scaling value . Only  values 0..7 are used to avoid resource overlap.

The above examples considered a quite small BWP (24 RBs) just for illustration; however, for practical size BWP, e.g., 66 RBs corresponding to a 100 MHz carrier, a much larger number of RBs can be supported before the center PRBs shown in Figure 1 are all "used" up. With a 66 RB BWP,  can be supported while still allowing 16 PUCCH resources in the set. For 10 .. 16 RBs, the gNB should avoid using  values 8 .. 15 to avoid PUCCH resource overlap. Furthermore, with this size BWP, values 0 .. 7 would still result in the hopping being constrained to the center  PRBs as in Rel-15.
Based on this analysis, we think that defining the scaling value to be X = 1 for the case of PUCCH resource set index 15 is a good approach for handling the fact that the RB offset for PUCCH resource set index is quite large. This allows good flexibility in configuring the number of RBs without the frequency hopping stepping outside the center  PRBs (as in Rel-15). Furthermore a set of 16 resources can be defined in most scenarios of practical interest.
[bookmark: _Toc86314059][bookmark: _Toc79057994]In the RAN1#106bis-e agreement on construction of PUCCH resource sets prior to dedicated PUCCH configuration, support scaling value X = 1 for PUCCH resource set index 15 (Alt-b in the agreement).
Conclusion
In the previous sections we made the following observations: 
No table of figures entries found.
Based on the discussion in the previous sections we propose the following:
Proposal 1	In the RAN1#106bis-e agreement on construction of PUCCH resource sets prior to dedicated PUCCH configuration, support scaling value X = 1 for PUCCH resource set index 15 (Alt-b in the agreement).
[bookmark: _In-sequence_SDU_delivery]
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