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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 Positioning, eMIMO and others.
Based on the discussions summarized in Section 2, there would be no need to have an email discussion on UE features for NR positioning and the proposed revision in [1] can be reflected in the updated UE features list at this meeting. 

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

	CATT
	Support the FL suggestion, since the corrections seem uncontroversial.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems there is no concern on the proposed revision in [1], and hence it will be directly reflected in the updated UE features list at this meeting.

	
	




Based on the discussions summarized in Section 3, following email discussions/approvals are suggested for AI 7.2.11. 
FL proposal #1 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-eMIMO-01] Email discussion/approval on UE feature for Multi-DCI Multi-TRP PUSCH operation
· Introduce a per-FSPC UE capability reporting for the support of Multi-DCI Multi-TRP PUSCH operation as proposed in R1-2201757
· Prerequisite of FG16-2a-3 is modified to above new FG

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

	Apple
	We support this proposal. Rel-16 supports Multi-DCI Multi-TRP PUSCH operation, and, we also allow OOO operation as well. However, we think the basic Multi-DCI Multi-TRP PUSCH related capability is missing. 

	ZTE
	We prefer not to introduce the new FGs at such late stage of Rel-16 because of NBC issue. 
Technically, we think a new FG is unnecessary for MTRP PUSCH operation. Support of existing FG 16-2a implies that MTRP PUSCH is supported as CORESETs is shared for DL and UL. Perhaps, we can clarify support of MTRP PUSCH operation in the existing FG 16-2a. 

	OPPO
	We are fine with the proposal. Otherwise, current signaling in 38.331 is difficult to support capability reporting of mTRP based uplink transmission.

	Samsung
	We don’t support the proposal since the only thing what we agreed for multi-DCI based multi-TRP PUSCH transmission in Rel-16 is releasing out-of-order, we think that the current FG 16-2a-3 is enough to support multi-DCI multi-TRP PUSCH.

	Nokia, NSB
	We do not support the proposal. We believe the existing agreements are already captured in the existing FGs. If some clarifications are needed we can be open to that, but as long as backward compatibility is maintained.

	NTT DOCOMO
	We don’t prefer to introduce the new FGs at late stage, because it would course potential NBC issue. We are open to discuss further clarification of existing FGs.

	Intel
	In Rel-16 multi-DCI multi-TRP operation uplink operation is transparent, except out of order PDCCH to PUSCH support that is indicated using GF 16-2a-3. Therefore we don’t see the need for this

	QC
	Agree with most companies in principle. In Rel-16, PUSCH-related functionality for multi-DCI is limited to out-of-order, which is captured in FG 16-2a-3. It is not clear why number of CORESETs (per TRP and total) for multi-DCI based PUSCH operation should be different than number of CORESETs indicated in 16-2a. Also, it is not clear why “Maximum number of unicast PUSCHs per coresetPoolIndex per slot” is needed as time-domain overlapping PUSCHs is not supported in Rel-16. Such capability is needed in Rel-18 with simultaneous PUSCH transmissions. 
We are open to a separate capability for multi-DCI based PUSCH operation if it is needed, but we should take into account the following:
· Independent indication of number of CORESETs (compared to 16-2a) is not needed.
· Max number of unicast PUSCHs per slot should not be increased compared to Rel-15.

	Ericsson
	We do not support introducing new FGs at this very late stage of Rel-16.
We share the same understanding as ZTE that MTRP PUSCH is supported by the baseline FG 16-2a and the CORESETs are shared between DL and UL.  Also, the proposal in R1-2201757 implies that maxNumberCORESET-r16 and maxNumberCORESETPerPoolIndex-r16 as compoments of a featue in an UL CC.  This does not make much sense as number of CORESETs should be defined per DL CC, and not UL CC. 

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
Companies’ views can be summarized as below.
· Support discussing the introduction of new FG
· Apple, OPPO, (Qualcomm)
· Not support the introduction of new FG, but open to discuss clarification of existing FG
· ZTE, Samsung, Nokia/NSB, NTT DOCOMO, Intel, Qualcomm, Ericsson
There is a clear majority arguing that the introduction of new FG is not necessary/preferable while it would be possible to discuss some clarification on existing FGs if necessary.
Therefore, FL proposal can be updated as below.
Updated FL proposal #1 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-eMIMO-01] Email discussion/approval on UE feature for Multi-DCI Multi-TRP PUSCH operation
· Clarify how the multi-DCI multi-TRP PUSCH operation is supported by existing FGs
· Only if it is deemed necessary, the introduction of separate FG for the multi-DCI multi-TRP PUSCH operation can be considered.


	Huawei, HiSilicon
	Our preference is that the fist main bullet is sufficient and we share most others view in the initial round. Basically at this stage we could acceptably consider calrifications on exisiting FGs to make the relevant operations workable – new FGs that affect ASN.1 should be coordinated with RAN2 to see if still possible. 

	MTK
	We are fine with the “Updated FL proposal #1 of email discussion/approval”

	vivo
	We are fine with the updated FL proposal #1.

	Moderator (NTT DOCOMO)
	Thanks for further feedbacks!
It seems there is no strong concern on the updated FL proposal #1 and we can clarify that any new FG to be introduced at this late stage should be coordinated with RAN2.
Therefore, the final updated FL proposal #1 is below.
FL proposal #1 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-eMIMO-01] Email discussion/approval on UE feature for Multi-DCI Multi-TRP PUSCH operation
· Clarify how the multi-DCI multi-TRP PUSCH operation is supported by existing FGs
· Only if it is deemed necessary, the introduction of separate FG for the multi-DCI multi-TRP PUSCH operation can be considered with coordination with RAN2.




FL proposal #2 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-eMIMO-02] Email discussion/approval on UE features for maximum number of layers for multi-TRP
· Introduce a per-FSPC UE capability reporting for the maximum number of layers for single DCI based FDM schemes as proposed in R1-2202084
· Candidate values are {1, 2}
· Prerequisite FG is one of {16-2b-2, 16-2b-3}
· Revise the definition of FG16-2a-9 as proposed in R1-2202084

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

	Apple
	We are open to discuss the following proposals in R1-2202084, namely 
· Introdue per FSPC maximum number of PDSCH layers for FDMSchemeA and FDMSchemeB
For the proposal to revise the definition of FG16-2a-9, we do not prefer to revise the existing FG. We can consider introducing new FG if necessary 

	ZTE
	We prefer not to introduce the new FGs at such late stage of Rel-16 because of NBC issue. Especially for the second issue for MDCI based MTRP, it was discussed very long time by email. 

	OPPO
	We support a new feature for single DCI based mTRP transmission for FDM only.
For FG16-2a-9, we support to maintain existing FG which is outcome of long discussion.

	Samsung
	Basically we have similar view with ZTE that we do not prefer to introduce a new FG. Further, we fail to understand what the issue is on the 1st bullet. If this is an issue, is it only for sDCI mTRP FDM, but also for sDCI mTRP SDM? Regarding 2nd bullet, we have same view with ZTE and OPPO which has been already discussed.

	Nokia, NSB
	We do not support the proposal. This issue was debated extensively in Rel-16 already, and the current FG structure reflects the outcome of the compromise achieved then. We do not see a reason to reopen the discussion.

	NTT DOCOMO
	We don’t prefer to introduce the new FGs at late stage, because it would course potential NBC issue. We are open to discuss further clarification of existing FGs.

	Intel
	We are supportive of discussing this issue

	QC
	Our preference is similar to Apple, OPPO, and Intel.
To address the issue for multi-DCI, we suggest adding a new FG specific to FR2, instead of revising the definition of FG 16-2a-9 (the change is related to the case when FG 16-2a-9 is not reported). 

	Ericsson
	Do not support introducing new FGs at this very late stage of Rel-16.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
Companies’ views can be summarized as below.
· For the 1st bullet proposal,
· Support discussing the introduction of new FG
· Apple, OPPO, Intel, Qualcomm
· Not support the introduction of new FG
· ZTE, Samsung, Nokia/NSB, NTT DOCOMO, Intel, Qualcomm, Ericsson
· For the 2nd bullet proposal,
· Support discussing the revision of FG16-2a-9 or the introduction of new FG
· Apple(new FG), Intel, Qualcomm(new FG)
· Not support discussing it
· ZTE, OPPO, Samsung, Nokia/NSB, NTT DOCOMO, Ericsson
There is a larger number of companies arguing that the introduction of new FG is not necessary/preferable while there are several companies preferring to discuss the issue. Regarding the 2nd bullet proposal, there is a clear majority opposing to discuss the definition of FG16-2a-9 again as it was outcome of long discussion.
Therefore, FL proposal can be updated as below.
Updated FL proposal #2 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-eMIMO-02] Email discussion/approval on UE features for maximum number of layers for multi-TRP
· Discuss the necessity of potential new FG(s) for maximum number of layers for multi-TRP based on R1-2202084, with considering potential NBC issue
· Only if it is deemed necessary, the introduction of new FGs for the maximum number of layers for multi-TRP can be considered.
· The definition of FG16-2a-9 should be maintained


	Huawei, HiSilicon
	Similar to the above, our preference is new FGs that affect ASN.1 should be coordinated with RAN2 to see if still possible. For the mentioned issue, we are also not certain the target of new FG for single-DCI FDM scheme. If a low-complexity UE can receive two layers by using two panels (ie. with one RxU per panel) simultaneously by using single-DCI SDM scheme in FR2, we assume that it can receive two layers simultaneously in a FDM manner, whereas each panel receive one group of PRBs with one layer transmission. 
With regarding to revise FG 16-2a-9, we have similar concerns as above. 

	MTK
	We are fine with the “Updated FL proposal #2 of email discussion/approval”. 
The proposed new UE capability for single DCI based FDM scheme in R1-2202084 is to extend sDCI muti-TRP usage to an FR2 UE with 2 panels and one RxU per panel. Otherwise, two FDMed 2-layer PDSCH in multi-TRP would require UE to process 4 layers at one time, which exceeds the FR2 UE’s maximum capability. 
For FG16-2a-9, we are fine to either adding a new FG specific to FR2, or revising the current, definition of FG 16-2a-9
@Samsung: To our understanding, the sDCI issue is only for sDCI mTRP FDM, but not for sDCI mTRP SDM. Take an FR2 UE with 2 panels and one RxU per panel as example, if the FR2 UE reports maxNumberMIMO-LayersPDSCH = 2, then for SDM case, to us it means UE can receive at most 2 spatial layers by SDM at one time, where each panel can receive at most one spatial layer.

	vivo
	We are fine with the updated FL proposal #2.

	ZTE
	Regarding the updated proposal#2, it is not crystal for me if the discussion includes the multi-DCI based mTRP case or not.  As several companies pointed it out, the issues on introducing a new FG related to maximum layer for multi-DCI based MTRP was discussed before, the current 16-2a-9 is the outcome. I don't think we need to repeat the discussion again. Hence, I suggest we make the proposal to only focus on single-DCI based multi-TRP. 

	Moderator (NTT DOCOMO)
	Thanks for further feedbacks!
Based on the feedbacks, we can discuss potential new FG for single-DCI based multi-TRP, i.e., first bullet issue of original proposal. For multi-DCI based mutli-TRP, majority of companies argued that it was concluded with 16-2a-9 after long discussion and hence we should not reopen the discussion.
For potential new FG, it can be clarified same as for FL proposal #1 that any new FG to be introduced at this late stage should be coordinated with RAN2.
Therefore, the final updated FL proposal #2 is below.
 Updated FL proposal #2 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-eMIMO-02] Email discussion/approval on UE features for maximum number of layers for single-DCI based multi-TRP
· Discuss the necessity of potential new FG(s) for maximum number of layers for single-DCI based multi-TRP based on R1-2202084, with considering potential NBC issue
· Only if it is deemed necessary, the introduction of new FGs for the maximum number of layers for multi-TRP can be considered with coordination with RAN2.
· The definition of FG16-2a-9 should be maintained




FL also suggests discussing the issue related to RAN4 LS in AI7.2.6 [108-e-R16-NR-MIMO-01] according to RAN1 chair’s assessment in AI5.

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

	ZTE
	OK for FL suggestion

	OPPO
	Support.

	Samsung
	We are fine with FL’s suggestion.

	Nokia, NSB
	OK with FL suggestion.

	NTT DOCOMO
	OK with FL suggestion.

	Intel
	OK

	QC
	Ok with FL suggestion.

	Ericsson
	OK.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems all the companies are fine to discuss the issue related to RAN4 LS in AI7.2.6  [108-e-R16-NR-MIMO-01] according to RAN1 chair’s assessment.

	vivo
	OK




Based on the discussions summarized in Section 4, following email discussion/approval is suggested for AI 7.2.11. 
FL proposal #3 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-Others-01] Email discussion/approval on UE feature for UL MIMO coherence
· Introduce a per-FS UE capability reporting for the UL MIMO coherence as proposed in R1-2202180
· [for Rel-16 or for Rel-17]

Companies are encouraged to check above FL proposal #3 and to provide feedback if any in below.
	[bookmark: _Hlk96027262]Company
	Comment

	Moderator (NTT DOCOMO)
	FL would like to check whether companies can accept discussing this proposal again for Rel-16. The discussion for Rel-17 is anyway possible, but FL would like to also check whether it should be in AI8.16.17 or in AI7.2.11.

	Apple
	We support this proposal

	ZTE
	We prefer to keep the discussion in Rel-17. Thus, AI8.16.17 would be more reasonable from our side.

	OPPO
	We support to dicuss this issue for R16 and R17.

	Samsung
	As a conclusion in RAN1#107-e, we don’t need to discuss this issue at least in Rel-16.

	Nokia, NSB
	OK to have further discussion.

	NTT DOCOMO
	We are ok to discuss this issue for Rel-16 again, while also ok to limit the target release to Rel-17 or later. Whether AI8.16.17 or AI7.2.11 seems to be dependent on whether we re-open this discussion for Rel-16 or not. 

	Intel
	We prefer to discuss this proposal for Rel-17.  

	Qualcomm
	We prefer to discuss this in Rel-16 to solve this issue as early as possible.

	Ericsson
	Prefer to discuss in Rel-17: the issue seems to be driven by 4 Tx, and we are now quite late in the Rel-16 UE capability discussion.

	[bookmark: _Hlk96027285]Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
Companies’ views can be summarized as below.
· Support discussing the proposal for Rel-16
· Apple, OPPO, Nokia/NSB, NTT DOCOMO, Qualcomm
· Not support discussing the proposal for Rel-16, but ok for Rel-17
· ZTE, Samsung, (NTT DOCOMO), Intel, Ericsson
There are number of companies ok to discuss the proposal again for Rel-16 while multiple other companies don’t prefer to discuss it again for Rel-16 given the conclusion made at RAN1#107-e.
Considering the above situation, FL would like to check again if there is a strong objection to discuss the proposal for Rel-16 and/or Rel-17 in AI7.2.11.
FL proposal #3 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-Others-01] Email discussion/approval on UE feature for UL MIMO coherence
· Introduce a per-FS UE capability reporting for the UL MIMO coherence as proposed in R1-2202180
· [for Rel-16 or for Rel-17]

	Huawei, HiSilicon
	We think we should stick to Rel-17 in order to not revert the previous conclusion 
Conclusion
RAN1 did not reach a consensus to introduce a new per-FS capability indicating UL MIMO coherence at least in Rel-16.

For discussion for R17, we want to understand whether the proposal is only for 4Tx UE.

	MTK
	We are fine with the “Updated FL proposal #3 of email discussion/approval”. 

	vivo
	We are fine with the lastest FL proposal #3 

	Qualcomm
	We support FL proposal #3.
In response to the comments of 4Tx, this should be a generic capability without limitation to the Tx numbers. 
UE may support 2Tx or 4 Tx in the same band in different band combinations which is a well-accepted principle. But there is no reason to believe that the UE's coherence capability would be the same for 4 Tx as it is for 2 Tx. 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). 
If we don’t have this per band per band combination capability, the UE would have to report the lowest coherence capability among all the band combinations and likely miss the coherence benefit if it only supports coherence within limited band combinations. 
Given this consideration, we think it’s necessary to introduce this new UE capability.
On the release consideration, we think the best option is Rel-16 as we can solve this issue for both with and without UL Tx switching together. However, if the majority wants to introduce this in Rel-17, we can live with this. 


	Ericsson2
	We agree with Huawei that the conclusion from RAN1#107 should not be reverted, and so are OK to discuss this only for Rel-17.

	Moderator (NTT DOCOMO)
	Thanks for further feedbacks!
Since there are concerns from multiple companies to revert the conclusion made at RAN1#107-e, the discussion on this proposal should target for Rel-17.
Regarding 4Tx, as discussed in RAN1#107-e and explained by the proponent, we should discuss possibility of a generic capability without limitation on Tx number first. Any potential limitation can be considered according to the discussion if necessary.
As this proposal targets Rel-17, although it may be reasonable to treat this topic in AI8.16.17, it would also be fine for companies to discuss this topic in AI7.2.11 same as RAN1#107-e.
Therefore, the final updated FL proposal #3 is below.
Updated FL proposal #3 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-Others-01] Email discussion/approval on UE feature for UL MIMO coherence
· Introduce a per-FS UE capability reporting for the UL MIMO coherence as proposed in R1-2202180 for Rel-17
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2. Discussion on UE features for NR positioning


[bookmark: _Hlk95855473]Correction on UE features list for NR positioning (FG13-2b/3b/4b) [1]
[bookmark: _Hlk95853140]RAN1 received the LS from RAN2 and the LS pointed a mistake in RAN1 UE features list on NR positioning as below [5].
	RAN2 discussed the updates indicated in RAN1 LS, and realized that it should be a typo in RAN1 LS on following updates since there is no value 96 in TS37.355 for component 1 in FG13-2b, FG13-3b, and FG13-4b. However value 96 is missing for component 3. Therefore RAN2 decided to update component 3 in FG13-2b, FG13-3b, and FG13-4b. 
RAN1 agreed to add the value 96 for component 1 in FG13-2b, FG13-3b, and FG13-4b in RAN1 NR UE features list, to align with the TS 37.355.



Accordingly, following proposal is made in a contribution in AI7.2.11.
	[1]
	At the RAN1#106-e meeting, following proposal was made in [3].
	Another problem is on the misalignment between TS 37.355 and the UE capability spreadsheet/TR 38.822 on the number of PRS resources that UE can processing for FR1 in a band combination involving both FR1 and FR2.
The value range of the field fr1-r16 in maxNrOfDL-PRS-ResourcesAcrossAllFL-TRP-ResourceSet-r16 of TS 37.355 [4], includes the n96: 
DL-PRS-ResourcesBandCombination-r16 ::=	SEQUENCE {
	bandList-r16							SEQUENCE (SIZE (1..maxSimultaneousBands-r16)) OF
															FreqBandIndicatorNR-r16,
	maxNrOfDL-PRS-ResourcesAcrossAllFL-TRP-ResourceSet-r16	
											CHOICE {
		fr1-Only-r16							ENUMERATED {n6, n24, n64, n128, n192,
															 n256, n512, n1024, n2048},
		fr2-Only-r16							ENUMERATED {n24, n64, n96, n128, n192,
															 n256, n512, n1024, n2048},
		fr1-FR2Mix-r16							SEQUENCE {
			fr1-r16									ENUMERATED {n6, n24, n64, n96, n128,
																 n192, n256, n512, n1024, n2048},
			fr2-r16									ENUMERATED {n24, n64, n96, n128, n192,
																 n256, n512, n1024, n2048},
			...
		},
		...
	},
	...
}

However, the value n96 does not exist in TR 38.822. We do not think changing TS 37.355 is needed, and thus propose that the existing UE capability value be updated.



The proposal in [3] clearly intends the component 3 of FG13-2b/3b/4b regarding “Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR1 in FR1/FR2 mixed operation”.
However, there was a mistake that RAN1 made following agreement for the component 1 of FG13-2b/3b/4b as it also does not have value 96 [4].
	Agreement:
· [bookmark: _Hlk95123386]Add the value 96 for component 1 in FG13-2b, FG13-3b, and FG13-4b in RAN1 NR UE features list, to align with the TS 37.355



Therefore, RAN1 should update the above agreement and corresponding part of UE features list on NR positioning as below.
Proposal 1: 
Following RAN1 agreement made at RAN1#106-e is revised as below
· Add the value 96 for component 1 3 in FG13-2b, FG13-3b, and FG13-4b in RAN1 NR UE features list, to align with the TS 37.355

	13. NR Positioning
	13-2b
	DL PRS Resources for DL AoD on a band combination
	1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR1-only. 
Values = {6, 24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR1 only BC.
1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR2-only.
Values = {24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR2 only BC
1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR1 in FR1/FR2 mixed operation.
Values = {6, 24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR2 in FR1/FR2 mixed operation.
Values = {24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
	13-1
	No
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

the reported value is the total number across all bands in the corresponding BC

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

	13. NR Positioning
	13-3b
	DL PRS Resources for DL-TDOA on a band combination
	1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR1-only. 
Values = {6, 24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR1 only BC.
1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR2-only.
Values = {24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR2 only BC
1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR1 in FR1/FR2 mixed operation.
Values = {6, 24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR2 in FR1/FR2 mixed operation.
Values = {24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
	13-1
	No
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

the reported value is the total number across all bands in the corresponding BC

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

	13. NR Positioning
	13-4b
	DL PRS Resources for Multi-RTT on a band combination
	1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR1-only. 
Values = {6, 24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR1 only BC.
1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR2-only.
Values = {24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR2 only BC
1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR1 in FR1/FR2 mixed operation.
Values = {6, 24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR2 in FR1/FR2 mixed operation.
Values = {24, 64, 96, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
	13-1
	No
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

the reported value is the total number across all bands in the corresponding BC

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






[bookmark: _Hlk95852369]Based on the above, as it was just a mistake, there would be no need to have an email discussion and the proposed revision can be reflected in the updated UE features list at this meeting.


3. Discussion on UE features for eMIMO

Correction on UE features list for eMIMO (FG) [1]
RAN1 received a LS from RAN4 in R1-2200872, and the LS asked RAN1 to clarify UE capabilities about single DCI multi-TRP schemes as below [6].
	In Rel-16 RAN4 has defined performance requirements for multi-DCI and single DCI transmission schemes for multi-TRxP transmission in FR1. These requirements are applicable to UEs supporting the following UE capability. 
	Test Case/ Transmission scheme
	UE Capability

	Multi-DCI non-overlapping
	multiDCI-MultiTRP-r16, maxSimultaneousResourceSetsPerCC ≥ 2

	Single DCI SDM
	singleDCI-SDM-scheme-r16, maxSimultaneousResourceSetsPerCC ≥ 2

	Single DCI Inter-Slot TDM
	supportInter-slotTDM-r16, maxNumberTCI-states-r16=2, maxSimultaneousResourceSetsPerCC ≥ 2

	Single DCI FDM Scheme A
	supportFDM-SchemeA-r16, maxSimultaneousResourceSetsPerCC ≥ 2


  
The requirements are defined with 2 active TCI states. The multi-DCI transmission scheme requirements are based on UE capability multiDCI-MultiTRP-r16 also includes maxNumberCORESETPerPoolIndex-r16, which is sufficient to indicate support of 2 active TCI states. For single DCI Inter-Slot TDM the capability of maxNumberTCI-states-r16=2 in supportInter-slotTDM-r16 covers support for 2 active TCI states. For single DCI FDM and SDM transmission schemes, the UE capability doesn’t include any additional UE capability for support of more than 1 active TCI state or any pre-requisite to support maxNumberActiveTCI-PerBWP other than n1.
RAN4 requests RAN1 to clarify if explicit signaling of maxNumberActiveTCI-PerBWP other than n1 is required for single DCI FDM and SDM transmission schemes or the UE capability of supportFDM-SchemeA-r16 or singleDCI-SDM-scheme-r16 is sufficient. 



Accordingly, following proposal is made in a contribution in AI7.2.11.
	[1]
	As clarified in the RAN4 LS [2], the requirements for multi-DCI and single DCI transmission schemes for multi-TRxP transmission in FR1 are defined with 2 active TCI states.
Following is the current descriptions in TS38.306 regarding UE capabilities for the corresponding single DCI multi-TRP schemes, and whether the support of 2 active TCI states is necessary or not seems not clear for these capabilities.
	supportFDM-SchemeA-r16
Indicates whether UE supports single DCI based FDMSchemeA.
supportInter-slotTDM-r16
Indicates whether UE supports single-DCI based inter-slot TDM. This capability signalling includes the following:
-	supportRepNumPDSCH-TDRA-r16 indicates support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16
-	maxTBS-Size-r16 indicates maximum TBS size.
-	maxNumberTCI-states-r16 indicates the maximum number of TCI states.
supportTDM-SchemeA-r16
Indicates whether UE supports single DCI based TDMSchemeA. The capability signalling includes the maximum TBS size.
singleDCI-SDM-scheme-r16
Indicates whether the UE supports single DCI based spatial division multiplexing scheme.



RAN4 requests RAN1 to clarify if explicit signaling of maxNumberActiveTCI-PerBWP other than n1 is required for single DCI FDM and SDM transmission schemes or the UE capability of supportFDM-SchemeA-r16 or singleDCI-SDM-scheme-r16 is sufficient.
In our view, since the support of 2 active TCI states is practically mandatory for UE to support above single DCI multi-TRP schemes, it is sufficient to clarify it for above UE capabilities.
Therefore, we propose to add a note “UE supporting this feature should support 2 active TCI states per BWP per CC” for above capabilities and ask RAN2 to add the note in TS38.306.
Proposal 2: 
Following note is added for FG16-2b-1, 16-2b-2, 16-2b-4 and 16-2b-5.
· UE supporting this feature should support 2 active TCI states per BWP per CC

	16-2b-1
	Single-DCI based SDM scheme
	1. Support of single-DCI based SDM scheme

	
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	
	UE supporting this feature should support 2 active TCI states per BWP per CC
	Optional with capability signaling

	16-2b-2
	Single-DCI based FDMSchemeA
	Support of single-DCI based FDMSchemeA

	
	Yes
	N/A
	
	Per band
	No
	No
	
	UE supporting this feature should support 2 active TCI states per BWP per CC
	Optional with capability signaling

	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of single-DCI based TDMSchemeA
1. Supported maximum TBS size for TDMSchemeA

	
	Yes
	N/A
	
	Per band
	No
	No
	
	[bookmark: _Hlk42696063]Component 2 candidate values {3, 5, 10, 20, no restriction} KByte

UE supporting this feature should support 2 active TCI states per BWP per CC
	Optional with capability signaling

	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of single-DCI based inter-slot TDM
1. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
1. Supported maximum TBS size 
1.  Maximum number of TCI states
	
	Yes
	N/A
	
	Per band
	No
	No
	
	Component 2 candidate values: {{2,3,4,5,6,7,8,16}}

Component 3 candidate values {{3, 5, 10, 20, no restriction} KByte }

Component 4 candidate values: {1,2}

UE supporting this feature should support 2 active TCI states per BWP per CC
	Optional with capability signaling







There are some other contributions in AI5 to discuss possible reply LS to RAN4 [7-9], and RAN1 chair provided the following initial assessment to handle this issue.
		Initial assessment
	RAN4 has requested RAN1 clarify whether explicit signaling of maxNumberActiveTCI-PerBWP other than n1 is required for single DCI FDM and SDM transmission schemes or the UE capability of supportFDM-SchemeA-r16. Response LS needed. Use separate email thread [108-e-R16-NR-MIMO-01] under agenda item 7.2.6.






Based on the above, FL suggests discussing this issue in AI7.2.6 [108-e-R16-NR-MIMO-01].


Multi-DCI Multi-TRP PUSCH operation (a new FG and FG16-2a-3) [2]
Following proposal is made in a contribution in AI7.2.11.
	[2]
	In Rel-16 UE feature, the following FG16-2a is introduced as per FSPC UE capability. 
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0
1. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0
1. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
1. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot


	
	Yes
	N/A
	
	Per FSPC
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex

[bookmark: _Hlk42697325]Component 1:  Candidate values {2,3,4,5} 
Note: 1.	If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3} 
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15

	Optional with capability signaling



In 38.331, this FG is implemented as multiDCI-MultiTRP-r16, but only for the DL CC. 
[image: ]
As results, UE can only indicate whether UE supports Multi-DCI Multi-TRP PDSCH operation for DL CC, not for UL CC. Multi-DCI Multi-TRP PUSCH operation is also supported in Rel-16 MIMO enhancement. In fact, we specifically allow the OOO (out of order) scheduling of PUSCH from different TRP with UE capability FG16-2a-3. We believe the UE capability for the support of Multi-DCI Multi-TRP PUSCH operation is missing in the current specification. Therefore, we have the following proposal

Proposal 1: Introduce per FSPC UE capability reporting for the support of Multi-DCI Multi-TRP PUSCH operation, with the following TP
· Prerequisite of FG16-2a-3 is modified to new FG16-2a-11

	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differe-ntiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	16-2a-11
	Multi-DCI based multi-TRP PUSCH operation
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0
1. The maximum number of CORESETs configured per coresetPoolIndex (if coresetPoolIndex is not configured, it is assumed coresetPoolIndex = 0) per BWP per cell in addition to CORESET 0
1. Maximum number of unicast PUSCHs per coresetPoolIndex per slot


	
	Yes
	N/A
	
	Per FSPC
	No
	No
	
	Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of coresetPoolIndex

Component 1:  Candidate values {2,3,4,5} 
Note: 1.	If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3} 
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 3: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15

	Optional with capability signaling

	16-2a-3
	Out-of-order operation for UL
	Support out-of-order operation for PDCCH to PUSCH
	16-2a-11
	Yes
	N/A
	
	Per band
	No
	No
	
	Note: “Same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values is not supported by a UE indicating the support of this feature when TPC accumulation is enabled.”
	Optional with capability signalling






Based on the above, FL suggests discussing this issue in AI7.2.11 at the RAN1#108-e meeting.
Discussion point #1
· Introduce a per-FSPC UE capability reporting for the support of Multi-DCI Multi-TRP PUSCH operation as proposed in R1-2201757
· Prerequisite of FG16-2a-3 is modified to above new FG


Maximum number of layers for multi-TRP (a new FG and FG16-2a-9) [3]
Following proposals are made in a contribution in AI7.2.11.
	[3]
	1. Single-DCI based FDM in FR2
For single-DCI based multi-TRP schemes, the parameter maxNumberMIMO-LayersPDSCH is shared among the multi-TRP schemes and with the conventional single-TRP operations. A low-complexity UE implementation may support multi-TRP operations by using two panels, each with only one receiver unit (RxU). For single-TRP operations, UE can report maxNumberMIMO-LayersPDSCH = 2 by using both one-RxU panels for data reception. It also works for the single-DCI based SDM and TDM schemes. However, the single-DCI based FDM schemes cannot support 2 layers since the signals from the two TRPs arrive at the same time and in FR2 it is seldom that one panel can receive signals well from both TRPs simultaneously. Therefore, for single-DCI based FDM schemes, the maximum number of layers should be separately reported from single-TRP and the single-DCI based SDM and TDM schemes. We propose to introduce a new UE capability indicating the maximum number of layers specifically for the single-DCI based FDM schemes. To align with the parameter maxNumberMIMO-LayersPDSCH, we propose to report the new UE capability parameter per FSPC.
Proposal 1: Introduce the following UE capability for single-DCI based FDM schemes in TS 38.306 with candidate values {1, 2}:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	maxMIMO-LayersForSingle-DCI-mTRP-FDM-r16
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception of single-DCI based multi-TRP FDM scheme A and scheme B.
The UE that indicates support of this feature shall support supportFDM-SchemeA-r16 or supportFDM-SchemeB-r16.
	FSPC
	No
	N/A
	FR2 only



1. Multi-DCI based multi-TRP overlapped in time but not in frequency in FR2
In the TS 38.306 for Release 16 [1], we have the following UE capability 
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	maxMIMO-LayersForMulti-DCI-mTRP-r16
Indicates the interpretation of maxNumberMIMO-LayersPDSCH for multi-DCI based mTRP. If this field is included, maxNumberMIMO-LayersPDSCH is interpreted as the maximum number of layers per PDSCH for multi-DCI multi-TRP operation.
If this field is not included, maxNumberMIMO-LayersPDSCH is interpreted as the maximum number of layers across two PDSCHs if having at least one RE overlapped, for multi-DCI multi-TRP operation. The UE that indicates support of this feature shall support overlapPDSCHsFullyFreqTime-r16.

NOTE 1:	For data rate calculation in clause 4.1.2, if this feature is indicated, each multi-DCI based multi-TRP CC is counted two times toward J.
	Band
	No
	N/A
	N/A



Again, let us consider a low-complexity UE implementation where the UE is equipped with two panels, each with only one RxU. In this case, maxNumberMIMO-LayersPDSCH = 2 can be supported for single-TRP operations. Also, for the case of fully overlapped in time and frequency, UE can support 1 layer per PDSCH by reporting maxNumberMIMO-LayersPDSCH = 2, interpreted as the maximum number of layers across two PDSCHs if having at least one RE overlapped. However, when the two PDSCHs are overlapped in time but non-overlapped in frequency, the UE cannot support 2 layers per PDSCH due to the same reason as the previous section. In this case, generally 2 RxUs per panel is required. Therefore, there is a fundamental discrepancy depending on whether the two PDSCHs are overlapped in frequency or not. With this UE capability signalling, a UE capable of supporting fully overlapped PDSCHs in time and in frequency is forced to report not supporting multi-DCI based multi-TRP as non-overlapped in frequency is a prerequisite of overlapped in frequency. We propose to address the issue by revising the interpretation when including maxMIMO-LayersForMulti-DCI-mTRP-r16.

Proposal 2: Revise the definition of maxMIMO-LayersForMulti-DCI-mTRP-r16 as the following: 
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	maxMIMO-LayersForMulti-DCI-mTRP-r16
Indicates the interpretation of maxNumberMIMO-LayersPDSCH for multi-DCI based mTRP. If this field is included, maxNumberMIMO-LayersPDSCH is interpreted as the maximum number of layers per PDSCH for multi-DCI multi-TRP operation.
For FR1, iIf this field is not included, maxNumberMIMO-LayersPDSCH is interpreted as the maximum number of layers across two PDSCHs if having at least one RE overlapped, for multi-DCI multi-TRP operation.
For FR2, if this field is not included, maxNumberMIMO-LayersPDSCH is interpreted as the maximum number of layers across two PDSCHs if having at least one symbol overlapped, for multi-DCI multi-TRP operation. The UE that indicates support of this feature shall support overlapPDSCHsFullyFreqTime-r16.

NOTE 1:	For data rate calculation in clause 4.1.2, if this feature is indicated, each multi-DCI based multi-TRP CC is counted two times toward J.
	Band
	No
	N/A
	N/A Yes






Based on the above, FL suggests discussing this issue in AI7.2.11 at the RAN1#108-e meeting.
Discussion point #2
· Introduce a per-FSPC UE capability reporting for the maximum number of layers for single DCI based FDM schemes as proposed in R1-2202084
· Candidate values are {1, 2}
· Prerequisite FG is one of {16-2b-2, 16-2b-3}
· Revise the definition of FG16-2a-9 as proposed in R1-2202084


4. Discussion on UE features for others

UL MIMO coherence capability (a new FG) [4]
The proposal to introduce a new FG for UL MIMO coherence has been extensively discussed, but following conclusion was made at the RAN1#107-e meeting.
	Conclusion
RAN1 did not reach a consensus to introduce a new per-FS capability indicating UL MIMO coherence at least in Rel-16.



Nevertheless, following proposal is made in a contribution in AI7.2.11.
	[4]
	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. 
 
[bookmark: OLE_LINK1]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.  

[bookmark: OLE_LINK8][bookmark: OLE_LINK6][bookmark: OLE_LINK7]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) in Rel-16.
During the email discussion in RAN1 meeting, some infra vendors mentioned about the impact on gNB complexity. We understand the concern that the gNB may have to do a comparison of different band combination options and choose a CA configuration according to some metric. We understand the concern, although the gNB doesn't actually have to do this, i.e. it could just select a band combination first and apply whatever capability is reported for that band combination. However, at the same time, forcing the UE to under-report is making the gNB to always end up with the worst possible choice. We can’t see any benefit in that. Changing the capability structure is not going to change the UE design or the underlying UE capabilities. There seems to be a bit of a naivete in thinking that non-coherent UE design can be forced to be coherent by restricting the reporting granularity. Obviously, in the vast majority of cases, this will work in the opposite direction. The reduced granularity will force the UE to under-report.  To promote UL MIMO coherence to take off, we would suggest companies to be positive to the proposal.



During the discussion at the RAN1#107-e meeting, RAN1 made above conclusion so that RAN2 can proceed their endorsed CRs for UL Tx switching. As it seems already common understanding that there should be no impact on Rel-16 UL Tx switching, it would be ok to discuss this proposal again even for Rel-16 if there is no concern from companies, i.e., we should avoid repeating the discussion. FL would like to check whether companies can accept discussing this proposal again for Rel-16. The discussion for Rel-17 is anyway possible, but FL would like to also check whether it should be in AI8.16.17 or in AI7.2.11.

Discussion point #3
· Introduce a per-FS UE capability reporting for the UL MIMO coherence as proposed in R1-2202180
· [for Rel-16 or for Rel-17]


5. Conclusion
This contribution summarized the discussions and proposals in AI 7.2.11 regarding Rel-16 UE features for Positioning, eMIMO and others.
Based on the preparation phase email discussion, following email discussion/approval were set by RAN1 chair for RAN1#108-e meeting.
[108-e-R16-UE-features-MIMO-01] Email discussion/approval on UE feature for Multi-DCI Multi-TRP PUSCH operation – Hiroki (DOCOMO)
1. Clarify how the multi-DCI multi-TRP PUSCH operation is supported by existing FGs
0. Only if it is deemed necessary, the introduction of separate FG for the multi-DCI multi-TRP PUSCH operation can be considered with coordination with RAN2.
1. First check point: February 24
1. Final check point: March 1

[108-e-R16-UE-features-MIMO-02] Email discussion/approval on UE features for maximum number of layers for single-DCI based multi-TRP – Hiroki (DOCOMO)
1. Discuss the necessity of potential new FG(s) for maximum number of layers for single-DCI based multi-TRP based on R1-2202084, with considering potential NBC issue
3. Only if it is deemed necessary, the introduction of new FGs for the maximum number of layers for multi-TRP can be considered with coordination with RAN2.
1. First check point: February 24
1. Final check point: March 1

[108-e-R16-UE-features-Others-01] Email discussion/approval on UE feature for UL MIMO coherence – Hiroki (DOCOMO)
1. Introduce a per-FS UE capability reporting for the UL MIMO coherence as proposed in R1-2202180 for Rel-17
1. First check point: February 24
1. Final check point: March 1
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