3GPP TSG RAN WG1 Meeting #107-e	R1-2110874
e-Meeting, Nov 11th – Nov 19th, 2021
Agenda Item:	8.2.3
Source:	FUTUREWEI
[bookmark: _Hlk81550877]Title:	Discussion on enhancements of PUCCH formats for beyond 52.6GHz
Document for:	Discussion and decision

[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#106bis-e meeting has covered issues including PUCCH resource set construction, potential RB shortage cyclic shift definition for PF0/1, potential coverage imbalance between PF2/3 and PF4, potential assistant information provided by gNB, and PUCCH power control. This document will continue the discussion of the remaining issue of special handling of the PUCCH resource set index 15 and provide view on whether assistance information to gNB is needed for determination of the number of RBs for PUCCH. 

Discussion

	From RAN1#106bis-e meeting
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.
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):
· [image: ]
· FFS: Down select to one of the following alternatives for PUCCH resource set index 15
· Alt-a: [image: ]
· 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

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}



[image: cid:image035.png@01D7C052.A3429520]
(a)

[image: cid:image036.png@01D7C052.A3429520]
(b)
Figures (a) (b) excerpted from [3] (by LG)




During RAN1 # 106bis-e, it was agreed to 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. It was then agreed that on construction of PUCCH resource sets prior to dedicated PUCCH configuration,  is supported at least for PUCCH resource set indices 0 .. 14 in Table 9.2.1-1 (Alt-1 in the first agreement). The second agreement in the same meeting solves partial the first FFS of the first agreement. It was also concluded  that 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, and it is left to gNB implementation to avoid such an error case such that this is not explicitly captured in specifications, which solves the second FFS of the first agreement. 

The only study point left here is for PUCCH resource set 15, due to the observation by LG [5] that special handling might be needed in case of multiple RBs are indicated for PUCCH because of the special RB offset [image: ] for this resource set. Figures (a) (b) excerpted show the available RBs in the initial UL BWP where the scaling to the RB offset is one or  (similar to the scaling for the resource set indices 0 .. 14). 

We agree that if the scaling to the RB offset is , there is no RB left for any PUCCH resource. Clearly, the same scaling for PUCCH resource set index 15 is not acceptable. If such scaling is adopted, all cases with  cannot accommodate any PUCCH resource. Therefore, special handling for PUCCH resource set index 15 is necessary in order to avoid that no PUCCH resource is available for this set. 

Observation 1. Special handling for PUCCH resource set index 15 is necessary in order to avoid that no PUCCH resource is available for this set.  

The first FFS contains two other alternatives for the value of X, given that Alt 1 is not appropriate for the resource set index 15, i.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

On whether to make X configurable via SIB1 or a fixed value, we think that although it is arguably true that it is more flexible to X is configurable via SIB1, Alt-2b is not an efficient solution, i.e., such a solution would have to introduce additional bits in SIB1, while it only solves for one row in the PUCCH resource set that needs to be handled differently  
Observation 2. Despite the flexibility, it is not recommended to make X configurable, e.g., via SIB1 for the efficiency consideration because of only one row in the PUCCH resource set needs to be handled differently.  
For the fixed values listed under Alt-2a, since the meeting has no intention to change [image: ] as the PRB offset for this row, X <  is necessary for any RB to be available for the PUCCH resource(s). Note that X does not have to be an integer value as long as is an integer value. Also, if X is a fixed but calculated N_RB, which is up to 16 for all SCSs, X must be smaller than N_RB/8 to guarantee that the PUCCH resource set index 15 can accommodate for all configurable N_RB. However, if the actual configured N_RB is, e.g., only one, then X can be smaller than 1/8 thus  can be a small value, if it still is an integer value. The down-side of using a small fractional value for X is that the PRB offset for the resource set index 15 can be similar to the RB offsets for PUCCH resource set 11 .. 14, which makes the index 15 redundancy.
In the meantime, to avoid the non-integer lowest PRB index, it is better than X is instead absorbed into the floor() operation in the first part of PRB index equation, i.e., . 
Observation 3. The down-side of using a small fractional value for X is that the RB offset for the resource set index 15 can be similar to the RB offsets for PUCCH resource set 11 .. 14, which makes the index 15 redundancy.
Proposal 1. If a fractional value X is considered for scaling the PRB offset of PUCCH resource set 15, it is better to absorb X into the floor() operation, i.e., .  
A simpler way is to make the X value fixed and  independent, e.g., adopt X=1 as the special but uniform way of handling of the PUCCH resource set 15 regardless of the  configured for PUCCH. The benefit of this handling is reduced standard effort, but the downside is that it may lead to more severe RB shortage than the handlings where a fractional number is used. It is better for the meeting to conclude first whether the X value should be dependent on  or not before deciding a specific value for X.
Proposal 2. If a value X independent of  is considered for scaling the PRB offset of PUCCH resource set 15, it is recommended that X=1 is adopted. 

2.2 Potential assistance information provided to gNB 

	From RAN1#106bis-e meeting

	Company
	Company Proposals/Views 

	Intel [6]
	Observation #3:  If the gNB is not aware of the correct UE’s transmit beamforming gain, by using a pessimistic approach and assuming that the UE’s transmit beamforming gain is 0 dBi, the gNB may configure up to more than 5 times the number of PRBs that would be otherwise needed. 
Proposal #5: RAN1 should discuss a proper framework to implicitly or explicitly indicate the UE’s beamforming gain to the gNB.








During the RAN1 #106bis-e meeting, one issue raised by two companies [6] [7] captured by the FLS was on whether the potential assistance information of the UE beamforming gain needs to be provided to the gNB for decision of the . One company [6] provides further results when the gNB takes a pessimistic approach by assuming no UE beamforming gain while UE actually has 6dBm gain and shows that under certain combination of UE_EIRP and UE_P and for SCS 120kHz, the gNB’s decision on the  can have significant mismatch and up to five times more RBs than necessary can be configured if no assistance information is provided. For SCS 480kHz/960kHz, the mismatch between the configured number of RBs with or without the assistance information are relatively smaller.
Improvement was observed in [6] for gNB to determine  for the mandatory SCS 120kHz for FR2-2 when UE feedback such assistance information to gNB. The details of how such method works is unclear given only few inputs. At least for the RRC_CONNECTED UEs, it is possible that the beamforming gain is considered implicitly by the gNB based on the beamformed SRS sent from UEs; and for initial access the UE beamforming gain might be inferred from MSG1. Therefore, although we agree that this can be a worthwhile problem to consider, more discussion is needed on whether an explicit assistance information such as beamforming gain is necessary.
Observation 4. For RRC_CONNECTED UEs, it is possible that the beamforming gain is considered implicitly by the gNB based on the beamformed SRS sent from UEs, such that additional assistance information might not be necessary.
Proposal 3. Discuss further the necessity of an explicit assistance information for gNB to determine  such as beamforming gain. 

Conclusion
This document continues the discussions for enhancing PUCCH formats 0/1/4. Special handling of the PUCCH resource set index 15 was recommended and view on assistance information to gNB is provided.  
Observation 1. Special handling for PUCCH resource set index 15 is necessary in order to avoid that no PUCCH resource is available for this set.  
Observation 2. Despite the flexibility, it is not recommended to make X configurable, e.g., via SIB1 for the efficiency consideration because of only one row in the PUCCH resource set needs to be handled differently.  
Observation 3. The down-side of using a small fractional value for X is that the RB offset for the resource set index 15 can be similar to the RB offsets for PUCCH resource set 11 .. 14, which makes the index 15 redundancy.
Observation 4. For RRC_CONNECTED UEs, it is possible that the beamforming gain is considered implicitly by the gNB based on the beamformed SRS sent from UEs, such that additional assistance information might not be necessary.
Proposal 1. If a fractional value X is considered for scaling the PRB offset of PUCCH resource set 15, it is better to absorb X into the floor() operation, i.e., .  
Proposal 2. If a value X independent of  is considered for scaling the PRB offset of PUCCH resource set 15, it is recommended that X=1 is adopted. 
Proposal 3. Discuss further the necessity of an explicit assistance information for gNB to determine  such as beamforming gain. 
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Appendix

Conclusion:
For enhanced (multi-RB) PF0/1, enhancement to the cyclic shift definition is not supported in Rel-17.
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