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 Introduction
[bookmark: OLE_LINK3]In 3GPP RAN1 #106bis-e meeting [1], several agreements and conclusions about PUCCH enhancements were made.
[bookmark: _GoBack]Conclusion:
· Do not re-open the discussion potential RB shortage and frequency hopping distance issues for common PUCCH resource sets prior to dedicated PUCCH resource configuration.
· Note: Whether or not the spec explicitly captures error cases related to a potential RB shortage issue will be separately discussed.
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. 
· FFS: Whether or not special handling for PUCCH resource set index 15 is necessary.
[bookmark: _Hlk85202687]Agreement:
· Update the following RAN1#106-e agreement to clarify that the number of RBs can be configured separately per PUCCH resource
Update of RAN1#106-e Agreement:
· Support an RRC parameter to configure the number of RBs for a per PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4
· The parameter is provided by dedicated signaling (per UE) per BWP
· Update the description of the RRC parameter accordingly within the RRC parameter email thread
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):
· 
· FFS: Down select to one of the following alternatives for PUCCH resource set index 15
· Alt-a: 
· 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
Conclusion:
For enhanced (multi-RB) PF0/1, enhancement to the cyclic shift definition is not supported in Rel-17.
From the agreements and conclusions listed above, we can see there are still some remaining issues to be discussed. In this contribution, we focus on such issues and provide our views.
Remaining issues on PUCCH enhancement
In this section, we mainly discuss the remaining issues on PUCCH resource set index 15, coverage imbalance, assistant information report, and power control.
 PUCCH Resource set index 15
In Rel-15/16, the PRB offset for the PUCCH resource set index 15 is determined by [image: ]. For other indexes 0~14, the PRB offset can be configured as 0, 2, 3, or 4. Compared with other indexes 0~14, the PRB offset for index 15 is a little large, which will likely lead to about half of the BWP’s resources not being used. For the case of N_RB>1, index 15 is not a useful configuration. However, in our understanding, this issue can be handled by using same rule as the case of index 0~14, that is, it is left to gNB implementation. Furthermore, in order to ensure the uniformity across the indices, the parameters or formulation to determine the PUCCH resource with the 16 indices should retain the same, such as X=N_RB.
Proposal 1: For PUCCH resource set index 15, Alt-a: X=N_RB should be adopted.
 Potential coverage imbalance between PF2/3 and PF4
For PUCCH Format 4, it was agreed that the maximum payload size is 115 and the number of PRB is configured by gNB and does not dynamically vary with UCI payload. While for PUCCH Format 2/3, it supports large payloads and multiple PRBs and the number of PRB varies dynamically with UCI payload. However, when UCI payload is larger than 115, it is obvious that PUCCH format 4 is no longer applicable. For the case, one possibility is to use PUCCH format 2/3, but the coverage may need to be optimized since the used number of PRBs by UE may smaller than the configured one. Another possibility is to revert the previous agreements to relax the restraint of upper bound of UCI payload size 115.
For the first method, regarding the enhancement of PUCCH format 2/3 is not in WID scope. For the second method, we think that even if we relax the UCI payload size of PUCCH format 4, due to the maximum umber of PRB is 16, when the UCI payload size is large, the code rate may be high, and the coverage performance is likely cut down.
Regarding the coverage performance, we believe that some simulation results are needed based on certain simulation parameters. And considering the limited time for Rel-17 B52.6GHz, it is better to defer the discussion on such potential problems.
Proposal 2: Considering the limited time for Rel-17 B52.6GHz, the discussion on potential problem of coverage performance should be deferred. 
 Potential assistance information provided to gNB
In this section, we discuss the possibility for a UE to report its beamforming gain to gNB. Firstly we don’t see the strong necessity for gNB to know the exact beamforming gain. And gNB can configure the number of PRBs according to the worst case. In such a way, there may be two cases. One case is the number of PRBs is fit for the UE capability. The other case is the number of PRBs is larger than the actual needed. It is clear that there is no problem for the former case. For the latter case, we think there is no big problem either, UE can handle such problem by scaling the output power on the PRBs or REs to avoid the total output power exceed the PSD limit. Furthermore, some parameters for FR2-2 like UE_EIRP and UE_P have not been determined in RAN4.
Proposal 3: There is no need for UE to report beamforming gain to gNB.
 PUCCH power control
In the last meeting, some companies propose to modify the formulation of uplink power control, the reason is the maximum transmission power for different RB number will change and the output power may higher than the PSD limit. From our point of view, the PSD parameters for FR2-2 have not been determined in RAN4 till now, and the UE maximum output power is dependent on the maximum conduct power parameters which are determined by RAN4. Thus, if there is a necessity to modify the power control of PUCCH, it would be better to wait for RAN4 to determine some parameters before discussion.
Proposal 4: It is proposed not to discuss the power control of PUCCH until RAN4 determines some parameters such as PSD limitation and the maximum conduct power.
 Conclusion
In this contribution, we discuss the remaining issues for PUCCH enhancement above 52.6 GHz band and have the following proposals.
Proposal 1: For PUCCH resource set index 15, Alt-a: X=N_RB should be adopted.
Proposal 2: Considering the limited time for Rel-17 B52.6GHz, the discussion on potential problem of coverage performance should be deferred. 
Proposal 3: There is no need for UE to report beam forming gain to gNB.
Proposal 4: It is proposed not to discuss the power control of PUCCH until RAN4 determines some parameters such as PSD limitation and the maximum conduct power.
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