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1. [bookmark: _Ref5850594]Introduction
This contribution summarizes the discussions and proposals in AI 7.2.11 regarding Rel-16 UE features for URLLC, Positioning and others.
Based on the discussions summarized in Section 2, following is a part of the suggested email discussions/approvals for AI 7.2.11. 
FL proposal #1 of email discussion/approval:
[107-e-AI7.2.11-NR-UEFeature-URLLC-01] Email discussion/approval on UE features for URLLC
· Discuss following questions from RAN2 regarding PDCCH BD in CA to send reply LS, and any necessary update for UE features list (TR38.822) and/or TS38.306/331
· Q1: How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective? (e.g., [4, 8 or 16])
· Q2: Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c?
· Q3: Whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective? (e.g., [4, 8 or 16])

Companies are encouraged to check above FL proposal #1 and to provide feedback if any in below.
	Company
	Comment

	ZTE
	Support the FL proposal. Discussion for the questions from RAN2 and a corresponding reply LS is needed. 

	DOCOMO
	Support the FL proposal.

	Intel
	Fine with moderator’s proposal.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks.
RAN1 Chair provided the guidance on this issue in AI5 thread as below, and hence corresponding papers can be discussed in AI 7.2.5 [107-e-NR-L1enh-URLLC-01].
R1-2110757      LS on PDCCH Blind Detection in CA             RAN2, Huawei
Response LS needed. To be handled under agenda item 7.2.5. Separate email thread: [107-e-NR-L1enh-URLLC-01].




Based on the discussions summarized in Section 3, following is a part of the suggested email discussions/approvals for AI 7.2.11. 
FL proposal #2 of email discussion/approval:
[107-e-AI7.2.11-NR-UEFeature-Positioning-01] Email discussion/approval on UE features for Positioning
· Update the Note column of FG13-1 as below
· Change “this positioning method” to “PRS processing” in the Note, to clarify that it is prohibited by specification that UE supports PRS processing on one band for DL-TDOA, and a different band for DL-AoD by omitting the band entries in the PRS processing capability reporting

Companies are encouraged to check above FL proposal #2 and to provide feedback if any in below.
	Company
	Comment

	ZTE
	We think this wording change is non-essential. ‘this postioning method’ means PRS based positioning method, not referring to any one of TDOA, AoD and RTT. Furthermore, the existing 37.355 is clearly saying FG 13-1 is common. 

	CATT
	OK to discuss the issue in this meeting. 

	Huawei, HiSilicon
	To ZTE, positioning method is terminology used in RAN2, and there is no positioning method called PRS based positioning method.

We think that it should be a useful clarification as the proposal reads, and make 38.822 align with LPP as much as possible. The note was added in a batch mode during Rel-16 UE feature discussion without considering the common capability and method specific capability, and in most cases, it was applicable to each positioning method.
This should also provide a guideline on determining the common capabilities across multiple positioning methods in Rel-17, since the capabilities eventually goes into each positioning method in LPP.

	DOCOMO
	Support the FL proposal.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks.
Given the clarification from the proponent, it would be ok for companies to discuss this issue in RAN1#107-e.
[107-e-AI7.2.11-NR-UEFeature-Positioning-01] Email discussion/approval on UE features for Positioning
· Update the Note column of FG13-1 as below
· Change “this positioning method” to “PRS processing” in the Note, to clarify that it is prohibited by specification that UE supports PRS processing on one band for DL-TDOA, and a different band for DL-AoD by omitting the band entries in the PRS processing capability reporting




Based on the discussions summarized in Section 4, following is a part of the suggested email discussions/approvals for AI 7.2.11. 
FL proposal #3 of email discussion/approval:
[107-e-AI7.2.11-NR-UEFeature-Others-01] Email discussion/approval on UE features for others
· Introduce a new UE capability indicating UL MIMO coherence per band per band combination

Companies are encouraged to check above FL proposal #3 and to provide feedback if any in below.
	Company
	Comment

	Apple
	We are supportive of the proposal

	ZTE	
	We are ok to discuss this issue. However, the relationship between this potential new FG and the legacy UE feature and how this new FG can address the RAN4 issue should be clearly clarified.

	DOCOMO
	We are ok to discuss this issue. However, the late introduction of new capability for Release 16 should be carefully discussed and justified with considering capability signaling overhead increase. 

	Huawei, HiSilicon
	It was proposed and discussed in RAN1#106e when a RAN4 LS on UL Tx switching was discussed. The proposal is not in line with the RAN4 LS (R1-2106431) and CR R4-2109582. Thus it was not agreed for UL Tx switching. We feel repeated discussion for UL Tx switching should be avoided. Additionally, only 2Tx UL MIMO is involved with UL Tx switching, however, the concern from the proponent seems only about 4Tx UL MIMO according to proponent’s tdoc. For the case of a UE supporting only 2Tx UL MIMO, there is no potential issue since only up to 2 RF chain are driven by a common oscillator and any splitting of 2Tx driving has become 1Tx-1Tx driving which is no UL MIMO any more. We don’t see any connection between the proposal and UL Tx switching.
In short, the proposal is not in line with RAN4 agreements R1-2106431 and R4-2109582, in order to avoid repeated discussion with UL Tx switching capable of 2Tx only and focus on the only potential issue, we suggest to clarify the scope to, 
[107-e-AI7.2.11-NR-UEFeature-Others-01] Email discussion/approval on UE features for others
· Introduce a new UE capability indicating 4Tx UL MIMO coherence per band per band combination (no impact on Rel-16 UL Tx switching)


	Intel
	Agree to discuss the issue. 

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks.
RAN1 Chair provided the guidance on this issue in AI5 thread as below, and hence corresponding papers can be discussed in AI 7.2.11.
R1-2112185      Discussion on UL MIMO Coherence capability           Qualcomm Incorporated
To be handled under agenda item 7.2.11.

Based on the feedbacks, it would be ok for companies to discuss this issue in RAN1#107-e, but relationship with previous discussion on RAN4 LS (R1-2106431) should be clarified as suggested by some companies.
Based on the above Huawei’s comment and R1-2112185, following suggested update on the email discussion scope would be ok for companies.
[107-e-AI7.2.11-NR-UEFeature-Others-01] Email discussion/approval on UE features for others
· Introduce a new UE capability indicating 4Tx UL MIMO coherence per band per band combination (no impact on Rel-16 UL Tx switching)

	ZTE
	Thanks for the summary. Regarding FL proposal#3, we have one question for clarification. We understand the intention of this FL proposal. Then, does it mean that we won't discuss how to reply the previous RAN4 LS (R1-2106431) in this meeting? When do we plan to reply this RAN4 LS?

	Moderator (NTT DOCOMO)
	Thank you very much for the question!
If I understand correctly, there is no contribution on how to reply to RAN4 LS (R1-2106431) in this meeting (and hence there is no corresponding email discussion proposal either in AI5 or AI7.2.12) although we have not replied yet even after the discussion in RAN1#106-e meeting (in [RAN1-106-e-NWM-NR-Maintenance-Others-01]).
So, as in FL proposal#3, we can first discuss potential new capability for UL MIMO coherence as it may be more fundamental issue (as mentioned in R1-2112185) than the issue in RAN4 LS, and then how to reply to RAN4 LS can be discussed based on the companies’ contributions i.e., in future meeting.
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2. Discussion on UE features for URLLC
1 
2 
2.1 UE features for PDCCH blind detection in CA (FG11-2c, 11-2e, 11-2g)
	11. 
NR_L1enh_URLLC
	11-2c
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	1. Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2. Supported span arrangement for CA
· Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}
	11-2b
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	The minimum of the summation of capability on the number of CCs with Rel-15 PDCCH monitoring capability and the capability on the number of CCs with Rel-16 PDCCH monitoring capability is 3
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-2e
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	1. Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
	11-2b
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	One combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16) corresponds to one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16)

If the UE reports pdcch-BlindDetectionCA-r15, 
· Candidate values for pdcch-BlindDetectionMCG-UE-r15 is 0 to pdcch-BlindDetectionCA-r15
· Candidate values for pdcch-BlindDetectionSCG-UE-r15 is 0 to pdcch-BlindDetectionCA-r15
· pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15>= pdcch-BlindDetectionCA-r15
Otherwise, if N_(NR-DC,max,r15)^(DL,cells) is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r15monitoringcapability
· Candidate values for pdcch-BlindDetectionMCG-UE-r15 is [0, 1, 2]
· Candidate values for pdcch-BlindDetectionSCG-UE-r15 is [0, 1, 2]
· pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15 >= N_(NR-DC,max,r15)^(DL,cells)
If the UE reports pdcch-BlindDetectionCA-r16, 
· Candidate values for pdcch-BlindDetectionMCG-UE-r16 is 0 to pdcch-BlindDetectionCA-r16
· Candidate values for pdcch-BlindDetectionSCG-UE-r16 is 0 to pdcch-BlindDetectionCA-r16
· pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16>= pdcch-BlindDetectionCA-r16
Otherwise, if N_(NR-DC,max,r16)^(DL,cells) is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability
· Candidate values for pdcch-BlindDetectionMCG-UE-r16 is [0, 1]
· Candidate values for pdcch-BlindDetectionSCG-UE-r16 is [0, 1]
· pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= N_(NR-DC,max,r16)^(DL,cells)

Note: If a UE supports FG 11-2c or FG 11-2g, then the capability defined by FG 11-2c or FG 11-2g is applied to FG 11-2e.
	Optional with capability signalling

	11. 
NR_L1enh_URLLC
	11-2g
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers with restriction for non-aligned span case
	1. Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
1. Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
1. Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2. UE supports aligned span and non-aligned span
In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot
	11-2b
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	The minimum of the summation of capability on the number of CCs with Rel-15 PDCCH monitoring capability and the capability on the number of CCs with Rel-16 PDCCH monitoring capability is 3
	Optional with capability signalling



RAN1 received the LS from RAN2 as below [1].
	[bookmark: OLE_LINK205][bookmark: OLE_LINK206]1. Overall Description:
[bookmark: OLE_LINK203][bookmark: OLE_LINK204]For the following RAN1 FGs11-2c and 11-2g, RAN2 found that more than one combination of pdcch-BlindDetectionCA1-r15 and pdcch-BlindDetectionCA2-r16 should be allowed to report as UE capability based on RAN1 agreements.
	11-2c
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	1.	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
-	Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2.	Supported span arrangement for CA
-	Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}

	11-2g
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers with restriction for non-aligned span case
	1.	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
-	Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2.	UE supports aligned span and non-aligned span
In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot



To support more than one combination in RAN2 signalling for FG 11-2c and FG 11-2g, RAN2 respectfully asks RAN1 to provide the feedback for the following questions:
1. How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective?
2. Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c?
Besides, RAN2 wonders whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective?
	11-2e
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)



2. Actions:
To RAN1:
ACTION: RAN2 respectfully asks RAN1 to provide the feedback for the questions above.




Following proposals are made in contributions.
	[2]
	Indeed, it is clear from the descriptions of FG 11-2c, 11-2g and 11-2e that it must be possible to report combinations of Rel-15 and Rel-16 blind detection capabilities. However, it is not defined in UE feature group list or in specifications how many such combinations are possible, though the following restriction needs to be followed in 11-2c and 11-2g:
The minimum of the summation of capability on the number of CCs with Rel-15 PDCCH monitoring capability and the capability on the number of CCs with Rel-16 PDCCH monitoring capability is 3
In any case, it is clear that the Supported span arrangement for CA should be the same regardless of the combinations reported for the first component of FG 11-2c.
Hence, we propose the following:
Proposal 1: Confirm that it must be possible to report different combinations of Rel-15 and Rel-16 blind detection capabilities in FG 11-2c, 11-2g and 11-2e. The exact number of combinations is FFS.
Proposal 2: Confirm that “supported span arrangement for CA” is reported only once for FG 11-2c.

	[3]
	For the first question, it’s RAN1 understanding that reporting one or more combinations for FG 11-2c and FG 11-2g has been supported, and gNB can indicate one of the combinations by pdcch-BlindDetectionCA-CombIndicator as specified in TS38.331 and TS38.213 clause 10. Theoretically, the maximum number of combinations for FG 11-2c and FG 11-2g that can be reported is 15. However, there are no explicit agreements in RAN1 on the maximum number of the combinations before. After discussion, RAN1 thinks supporting 4 combinations could be sufficient while it’s up to RAN2 for final decision. 
For the second question, RAN1 thinks the “supported span arrangement for CA” should be reported for each of the combinations for FG 11-2c.
For the last question, similar to FG 11-2c and FG 11-2g, reporting at most 4 combinations for FG 11-2e is sufficient from RAN1 perspective. 

	[4]
	1. How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective?
According to RAN 1 discussion and agreements below, more than one combination is supported for UE supporting mix Rel-15 and Rel-16 CA.     
	Agreement
For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) for CA:
· The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· [3]<=pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 


The total number of the exhaustive combinations for UE supporting CA with mix of Rel-16 and Rel-15 PDCCH monitoring capabilities on different carriers is 119. It is clearly that such excessive combinations are neither necessary nor desirable from the flexibility, signaling overhead, test and UE /network implementation perspective. We think specifying some typical combinations is of more practical significance.   
From the UE complexity perspective, the common understanding and assumption in RAN1 are that the complexity of processing each Rel-16 carrier with span-based PDCCH monitoring is twice a Rel-15 carrier with slot-based PDCCH monitoring. In the following, a UE supporting 16 carriers with Rel-15 PDCCH monitoring capability is assumed for the typical combinations number calculation. 
For UE supporting CA with mix of Rel-16 and Rel-15 PDCCH monitoring, a UE will use at least one carrier with Rel-15 PDCCH monitoring capability (call Rel-15 carriers in short hereafter) and at least one carrier with Rel-16 PDCCH monitoring capability (call Rel-16 carriers in short hereafter), the typical upper bound for Rel-15 carriers number will be 14 = 16 CCs of Rel-15 capability  – (1 CC of Rel-16 capability *2); the typical upper bound for Rel-16 carriers number will be 7 = floor [ (16 CCs of Rel-15 capability  – 1 CC of Rel-15 capability) / 2]
· 1<= Number of Rel-15 carriers <=14
· 1<= Number of Rel-16 carriers <=7 
In addition, it is reasonable to assume the case that aggressive CA support with span-based PDCCH monitoring does not exist, so other conditions that the number of Rel-15 carriers >= number of Rel-16 carriers and small gap between Rel-15 carrier and Rel-16 carrier number can be added for the typical combinations number calculation. 
Some combinations may result in the same UE processing capability. For example, the combination (Number of Rel-15 carriers, Number of Rel-16 carriers) of (5, 5) can be considered to be approximately equal to the combination of (7, 4); and the combination (3,3) approximately equals to the combination (5,2). Therefore, one of the duplicated combinations can be removed. 
Based on above analysis, we derived the typical combinations as shown in Table 1.
Table 1: typical combinations (Values in Red)
	[bookmark: _Hlk86658955]No. of combinations
	2  0
	4  0
	6  2
	8  3
	10  3
	12  4
	13 1

	No. of Rel-15 carriers
	1,2
	1,2,3,4
	1,2,3,4,5,6
	1,2,3, 4,5,6,7,8
	1,2,3,4,5,6,7,8,9,10
	1,2,3,4,5,6,7,8,9,10, 11, 12
	2 ,3,4,5,6,7,8,9,10, 11, 12, 13, 14

	No. of Rel-16 carriers
	7
	6
	5
	4
	3
	2
	1



According to typical combinations in Table 1, the maximum 16 combinations should be sufficient for FG 11-2c and FG 11-2g. 
Proposal 1: 16 combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective.

1. Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c?
The type of FG 11-2c is per BC. For UE supporting CA with mix of Rel-16 and Rel-15 PDCCH monitoring capabilities on different carriers, the “supported span arrangement for CA” should be reported only once and applied to all combinations given the 11-2c. 
Proposal 2: The “supported span arrangement for CA” should be reported only once and applied to all combinations given FG 11-2c is per BC.

1. Whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective?
For NR-DC operation, the following agreement is achieved. If pdcch-BlindDetectionCA-r15 and pdcch-BlindDetectionCA-r16 are indicated by UE. Candidate values for both pdcch-BlindDetectionMCG-UE-r15 and pdcch-BlindDetectionSCG-UE-r15 are 0 to pdcch-BlindDetectionCA-r15 while candidate values for both pdcch-BlindDetectionMCG-UE-r16 and pdcch-BlindDetectionSCG-UE-r16 are 0 to pdcch-BlindDetectionCA-r16. According to the agreement, the more complicated combinations for NR-DC case are observed than CA case.
	Agreement
For NR-DC operation with at least one downlink cell using Rel-16 PDCCH monitoring capability and at least one downlink cell using Rel-15 PDCCH monitoring capability, and if a UE reports the capability of CC limits for NR-DC operation separately from CA operation, 
· UE reports one or more combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
· One combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16) corresponds to one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) reported by a UE for CA operation
· pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= pdcch-BlindDetectionCA-r16
· pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15>= pdcch-BlindDetectionCA-r15
· 3<= The minimum of pdcch-BlindDetectionMCG-UE-r16 +  pdcch-BlindDetectionSCG-UE-r16 + pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15 <=16


Taking pdcch-BlindDetectionCA-R16=2 and pdcch-BlindDetectionCA-R15=1 as an example, total 21 combinations is needed for combination (pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15). It should be noted that total number of combinations for (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) is 119. Therefore, there is the huge number of combinations for NR-DC case. Similar to CA case, such excessive combinations would bring negative impact on signaling overhead, test and UE /network implementation. We suggest the same upper bound of combination number is applied as CA case, i.e., at most 16 combinations.
Proposal 3: More than one combination should be supported for FG 11-2e. Similar as for Question1, from RAN1 perspective, 16 combinations are sufficient. 

	[5]
	According to the aforementioned agreements UE may report one or more combinations of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability for Rel-15 and Rel-16 PDCCH monitoring on different cells in CA. If UE reports more than one (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), in order to establish a common understanding between UE and gNB on BD/CCE distribution, monitoring and overbooking, gNB configures UE with the single combination UE should apply for scaling the PDCCH monitoring capability. With NR-DC operation, UE may also report one or more combinations of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16) and there is a one-to-one relationship between each of these combination and (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) reported by UE for CA. gNB then configures UE with the applicable combinations for each cell group.
According to the current TS 38.331 signaling multiple reporting of the aforementioned combinations for supporting FG 11-2c and 11-2g is not supported while it should be according to the agreements. In particular the following questions are raised in the LS.
Q1. How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective?
Q2. Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c?

Regarding the first question, we think up to eight combination would suffice. For the second question, we don’t see the necessity of reporting the support for each of the combinations. Unless such a necessity is justified, one reporting for the support of the span arrangement seems to be sufficient.   
There were also a third question about FG 11-2e on whether multiple reporting should be supported. Based on the aforementioned agreements, multiple combinations are allowed for reporting, and there is a specific one-to-one relationship between 11-2c and 11-2e. In order to make the current specification consistent with the agreements, one way is to capture the following note in TS 38.331 or 38.306.
	· UE reports one or more combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
· One combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16) corresponds to one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) reported by a UE for CA operation



Proposal 1: Request RAN2 to capture the above note in TS38.331 or 38.306 to make it consistent with the agreements describing relationship between 11-2c and 11-2e.

	[6]
	· Question 1: For FG 11-2c and 11-2g, at most 4 combinations are reported by a UE for mixed Rel-16 and Rel-15 PDCCH monitoring capabilities among different serving cells.

· Question 2: For FG 11-2c, the span arrangement is reported for each of the combinations

Regarding: “RAN2 wonders whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective?”
· More than one combination should be supported for FG 11-2e, at most 4.



Based on the above, following proposal can be discussed in RAN1#107-e meeting.

Discussion point #1
· Discuss following questions from RAN2 regarding PDCCH BD in CA to send reply LS, and any necessary update for UE features list (TR38.822) and/or TS38.306/331
· Q1: How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective? (e.g., [4, 8 or 16])
· Q2: Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c?
· Q3: Whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective? (e.g., [4, 8 or 16])



3. Discussion on UE features for Positioning
3 
3.1 UE feature for Common DL PRS Processing Capability (FG13-1)
	13. NR Positioning
	13-1
	Common DL PRS Processing Capability
	1. Maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a)	FR1 bands: {5, 10, 20, 40, 50, 80, 100}
b)	FR2 bands: {50, 100, 200, 400}

2. DL PRS buffering capability: Type 1 or Type 2
a) Type 1 – sub-slot/symbol level buffering
b) Type 2 – slot level buffering

3. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a) T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms


4. Max number of DL PRS resources that UE can process in a slot under it
a. FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
b. FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Note: The above parameters are reported assuming a configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than 30%.

	
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

Notes for component 3:
a.UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
b.UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
c.UE DL PRS processing capability is defined for a single positioning frequency layer. UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)
d.UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
e.The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Note: if the UE does not indicate this capability for a band or band combination, the UE does not support this positioning method in this band or band combination.
	Optional with capability signaling



Following proposal is made in a contribution.
	[7]
	There was a Note under the “Note” column, explaining that omission of a band/BC entry in the capability reported per band would mean that the feature is not supported on the band or the band combination. However, the Note also implies that the support or not on a particular band is positioning method specific.
	Note

	Need for location server to know if the feature is supported.

Notes for component 3:
a.UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
b.UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
c.UE DL PRS processing capability is defined for a single positioning frequency layer. UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)
d.UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
e.The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Note: if the UE does not indicate this capability for a band or band combination, the UE does not support this positioning method in this band or band combination.



Observation 1: The following Note in FG13-1 implies that whether or not FG13-1 is supported on a band could be different for different positioning methods.
E.g.
· UE reports PRS processing capability for band A, and omits band B for DL-TDOA
· UE reports PRS processing capability for band B, and omits band A for DL-AoD

This common UE PRS processing capability was captured in TS 37.355 [2] as follows:
	[bookmark: _Toc83656221][bookmark: _Toc52548357][bookmark: _Toc52547827][bookmark: _Toc52547297][bookmark: _Toc46486422][bookmark: _Toc52546767]–	NR-DL-PRS-ProcessingCapability
The IE NR-DL-PRS-ProcessingCapability defines the common DL-PRS Processing capability. In the case of capabilities for multiple NR positioning methods are provided, the IE NR-DL-PRS-ProcessingCapability applies across the NR positioning methods and the target device shall indicate the same values for the capabilities in IEs NR-DL-TDOA-ProvideCapabilities, NR-DL-AoD-ProvideCapabilities, and NR-Multi-RTT-ProvideCapabilities.



According to RAN2 description, NR-DL-PRS-ProcessingCapability containing a list of per band capabilities with each band entry corresponding to FG13-1 on a band, shall be the same for DL-TDOA, DL-AoD, and Multi-RTT, if UE reports support of more than one of the positioning methods.. 
Observation 2: RAN2 specification implies that even the band entries associated with FG13-1 should be the same across multiple positioning methods, if UE supports the multiple positioning methods.

We think the clarification is needed to align with RAN1 and RAN2 that it should not be allowed that if UE supports PRS processing on one band for DL-TDOA, and PRS processing on a different band for DL-AoD. This could also help guide the Rel-17 UE feature discussion when it comes to “common UE capabilities” for different methods.
Proposal 1: RAN1 to clarify that it is prohibited by specification that UE supports PRS processing on one band for DL-TDOA, and a different band for DL-AoD by omitting the band entries in the PRS processing capability reporting.

To fix this, the Note for FG13-1 could be updated as follows.
	Note

	Need for location server to know if the feature is supported.

Notes for component 3:
a.UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
b.UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
c.UE DL PRS processing capability is defined for a single positioning frequency layer. UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)
d.UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
e.The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Note: if the UE does not indicate this capability for a band or band combination, the UE does not support this positioning methodPRS processing in this band or band combination.



By change positioning method to PRS processing, this feature is more like a common PRS processing capability that is not dependent on each positioning method, which is aligned with RAN2 specification.

Based on the discussion, we have the following proposal
Proposal 2: Change the Note column of FG13-1 as below.
	Note

	Need for location server to know if the feature is supported.

Notes for component 3:
a.UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
b.UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
c.UE DL PRS processing capability is defined for a single positioning frequency layer. UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)
d.UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
e.The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Note: if the UE does not indicate this capability for a band or band combination, the UE does not support this positioning methodPRS processing in this band or band combination.






Based on the above, following proposal can be discussed in RAN1#107-e meeting.

Discussion point #2
· Update the Note column of FG13-1 as below
· Change “this positioning method” to “PRS processing” in the Note, to clarify that it is prohibited by specification that UE supports PRS processing on one band for DL-TDOA, and a different band for DL-AoD by omitting the band entries in the PRS processing capability reporting



4. Discussion on other UE features
4 
4.1 UE feature for UL MIMO coherence
	2-13
	PUSCH codebook coherency subset
	Supported codebook coherency subset type
	2-12
	pusch-TransCoherence
	MIMO-ParametersPerBand
	n/a
	n/a
	
	Optional with UE capability
Candidate value set: {non-coherent, partial/non-coherent, full/partial/non-coherent}



Following proposal is made in a contribution.
	[8]
	The UL coherence depends on the UE transmitter architecture. More precisely, it depends on whether a common oscillator signal is applied for up-conversion in the different Tx chains or not. 
 
The same UL MIMO coherence capability in a given band likely does not hold across different band combinations even for the same band. For example, the UE may use a different set of antennas for the UL transmission for a given band in one band combination compared to the antennas used for the same band in a different band combination. A common example for this is that the UE may support 4Tx UL MIMO in one band when no UL CA is configured but the same UE may fall back to 2Tx UL MIMO only in the exact same band when UL CA is configured. Note that this was the very reason why the supported number of UL MIMO layers is signaled per band per combination. Obviously, a UE that can support coherent 2Tx UL MIMO may fall into any of the three coherence categories for 4Tx UL MIMO (i.e. it can be either coherent, partial coherent, or non-coherent for 4Tx UL MIMO). The latter is the case, for example, if the 1st and 2nd chains are associated with a common oscillator, while the 3rd and 4th chains are not. 
Due to this consideration, the UL MIMO coherence capability needs to be signaled per band per band combination. 

Unfortunately, the current specification doesn’t correctly capture this.  

The LS from RAN4 is trying to solve the coherence issue when the UE reports and is configured with UL Tx switching. Although we agree that the capability for coherence with UL Tx switching should be per-band and per-band combination, we believe there is a more fundamental issue, as explained above, regardless of the configuration of UL Tx switching. Hence, we think that RAN1 should agree to introduce UL coherence as a per band per band combination capability before making any further decision on UL Tx switching. 


Proposal: A new UE capability indicating UL MIMO coherence per band per band combination is introduced (regardless of UL Tx switching)



[bookmark: _Hlk87449979]Based on the above, following proposal can be discussed in RAN1#107-e meeting.

Discussion point #3
· Introduce a new UE capability indicating UL MIMO coherence per band per band combination


5. Conclusion
Based on the preparation phase email discussion, following email discussions are handled in RAN1#107-e meeting.

[107-e-AI7.2.11-NR-UEFeature-Positioning-01] Email discussion/approval on UE features for Positioning by Nov 15th – Hiroki (DOCOMO)
1. Update the Note column of FG13-1 as below
0. Change “this positioning method” to “PRS processing” in the Note, to clarify that it is prohibited by specification that UE supports PRS processing on one band for DL-TDOA, and a different band for DL-AoD by omitting the band entries in the PRS processing capability reporting

[107-e-AI7.2.11-NR-UEFeature-Others-01] Email discussion/approval on UE features for others by Nov 18th – Hiroki (DOCOMO)
1. Introduce a new UE capability indicating 4Tx UL MIMO coherence per band per band combination (no impact on Rel-16 UL Tx switching)
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