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Introduction
In RAN #90e, a Rel-17 work item (WI) for NR operation in a frequency regime between 52.6GHz and 71GHz has been approved [1]. As part of the work item, the study on the physical layer aspects of PUCCH includes following: 
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
Up to RAN1 #106b-e, agreements have been reached on major design topics on the enhancements for PUCCH 0/1/4 in B52GHz, while there are still some FFS items from last meeting. In this contribution, we provided our views on those FFS items.
Discussion
Common PUCCH resource set Construction
For easy reference of Table 9.2.1-1 in TS 38.213 [2], it is copied below.
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}



With regard to common PUCCH resource construction based on Table 9.2.1-1, following agreements had been reached in RAN1 #106-be: 
	Agreement:
· 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. PU
· FFS: Whether or not special handling for PUCCH resource set index 15 is necessary.
Agreement:
· 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):
· X = N_RB 
· FFS: Down select to one of the following alternatives for PUCCH resource set index 15
· Alt-a: X = N_RB 
· Alt-b: Alternative handling (to be defined)
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



For the highlighted FFS in the agreements, while we fully understand the motivation to conduct special handling with index 15, we prefer that it is left to gNB implementation and apply unified procedure for all index 1-15 (thus we support Alt-a). In other words, specification does not explicitly handle the index 15 to avoid additional specification effort. It has been concluded that a UE is not expected to be scheduled with out-of-band common PUCCH resource, this should at least partially address the concern with index 15. Also, if we look at table 9.2.1, index 12-14 has the same configuration of First symbol, Number of symbols, initial CS set as index 15, these three indexes should already provide enough flexibility to configure common PUCCH resource set if UL BWP size is not big enough to accommodate common resource based on index 15. Index 15 may be used when initial UL BWP size is not a concern, i.e, the common PUCCH resource only need a small number of RBs for each resource set.
Proposal 1: For index 15 in table 9.2.1, we support Alt-a to use same procedure as other indexes to construct common PUCCH resource.

Potential Assistance Info Provided to gNB 
In RAN1 #106-be, two companies have proposed to support provision of assistance information to the gNB that could potentially help for configurating an appropriate number of RBs for multi-RB PF0/1/4. Assistance information proposed include UE's transmit beamforming gain (the TxBF quantity used in prior evaluations of MIL) and power headroom (PHR) report for PUCCH.
Our view is that this kind of information is beneficial to help gNB determine a proper number of RBs for multi-RB PUCCH 0/1/4. However, given this is the last meeting for this WI, and over-the-air signaling of this information involves a lot of discussions, there may not be enough time to reach agreements on the topic. While we are open to discuss such information if that is a majority view, we prefer to leaving it to some later release.
Proposal 2: In Rel-17, Assistance Info on number of RBs for multi-RB PF 0/1 is not supported.

Potential Coverage Imbalance between PF2/3 and PF4
In RAN1 #106-be, two companies have proposed modifications to address a potential coverage imbalance between PF2/3 and PF4. The motivation is that PF2/3 supports large payloads and multiple RBs (up to 16), and the number of RBs varies dynamically with the payload. In contrast, for enhanced (multi-RB) PF4, the payload is restricted to a maximum of 115 bits  and the number of RBs (up to 16) does not vary dynamically with the PUCCH payload (as agreed in RAN1#104-e). Hence, the concern is that if the PUCCH payload is larger than 115 bits, and one is forced to use PF2/3, the coverage may not be optimized since the actual number of RBs may be less than the configured value.
In RAN1 #106be, it is agreed to de-prioritize the discussion in that meeting. We don’t think RAN1 should re-open this discussion in this last meeting for Rel-17. First, enhancement of PF2/3 is out of the scope of WI, and potential change of payload limit for PF4 requires a lot of evaluation effort. Secondly, with regard to the potential coverage imbalance between PF2/3 and PF4, we believe gNB may always configure separately a proper nrofPRBs for PF2/3/4 to match the coverage.
Proposal 3: In Rel-17, no further discussion on potential coverage imbalance between PF2/3 and PF4.


Conclusion
In this contribution, we discussed various aspects on possible enhancement for PUCCH format 0/1 in 60GHz unlicensed band. Our proposals are summarized below:

Proposal 1: Proposal 1: For index 15 in table 9.2.1, we support Alt-a to use same procedure as other indexes to construct common PUCCH resource.
Proposal 2: In Rel-17, Assistance Info on number of RBs for multi-RB PF 0/1 is not supported.
Proposal 3: In Rel-17, no further discussion on potential coverage imbalance between PF2/3 and PF4.
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