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[bookmark: _Ref5850594]Introduction
This contribution summarizes the discussions and proposals in AI 7.2.11 regarding UE features for NR positioning.
Based on the discussions summarized in Section 2, following is one of the suggested email discussions/approvals for AI 7.2.11.
FL proposal of email discussion/approval:
Email discussion/approval on UE features for NR positioning (17th – 20th August)
· Whether to add a component of additional path report to FG13-6 and 13-11 or not
· Whether to replace FG13-12/12a with four FGs as proposed in R1-2005814 or not
· Whether/how to modify or merge FG13-15 and FG13-15a
· Whether/how to define new FG for simultaneous positioning SRS and MIMO SRS transmission for intra-band CA and inter-band CA
· Whether to add a note “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” in FG13-1/2a/2b/3a/3b/4a/4b or not
· Whether to add a note “Note: if the UE does not indicate this capability for a band, the UE does not support any pathloss estimates in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions in that band” in FG13-9e or not
· Whether FG13-11a is changed to per BC or not
· Whether to move component 1 of FG13-2/3/4 inside FG13-2a/3a/4a respectively or not
· Whether to add a note “Note: if the UE does not indicate this capability for a band in a band combination, the UE does not support SRS for Positioning in this band in the band combination” in FG13-8 or not


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

	QC
	· Whether to add a component of additional path report to FG13-6 and 13-11 or not
[QC] It is a RAN2 feature, so RAN2 can add it directly. No need to discuss it here.  
· Whether to replace FG13-12/12a with four FGs as proposed in R1-2005814 or not
[QC] We are OK to replace it with the 4 FGs
· Whether/how to modify or merge FG13-15 and FG13-15a
[QC] We agree that it needs to be modified. Updated Alt. 2.2 looks good; however we want to ensure that we have the same understanding: 
· if the UE does not report this feature in a BC for which it doesn’t support SRS for positioning. 
· Whether/how to define new FG for simultaneous positioning SRS and MIMO SRS transmission for intra-band CA and inter-band CA
[QC] OK to define the new FG. 
These are our proposals, so we support them: 
· Whether to add a note “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” in FG13-1/2a/2b/3a/3b/4a/4b or not
· Whether to add a note “Note: if the UE does not indicate this capability for a band, the UE does not support any pathloss estimates in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions in that band” in FG13-9e or not
· Whether FG13-11a is changed to per BC or not
· Whether to move component 1 of FG13-2/3/4 inside FG13-2a/3a/4a respectively or not
· Whether to add a note “Note: if the UE does not indicate this capability for a band in a band combination, the UE does not support SRS for Positioning in this band in the band combination” in FG13-8 or not


	Apple
	1. For Discussion point 1 & 2 we are open to further discuss.
2. For Discussion point #3, we support Alt 2-2, with typos fixed (feature is per BC, etc) 
3. For Discussion point #4, we have questions for clarification: how the reported number may be applied to simultaneous MIMO and/or Pos-SRS. For example, if UE reports value 2 for intra-band CA, can those 2 SRS be both mimo SRS? How is this new feature related, if any, to other existing MIMO SRS capabilities, like maxNumberSimultaneousSRS-ResourceTx, MIMO SRS type, usage, etc ? Also, we think we should add the note to new FG, if agreed, this point 
Note: if the UE does not indicate this capability for a band combination, the UE does not support this positioning method in this band combination.
4. We are supportive the rest of Discussion points.

	Moderator
	Thank you very much for the inputs!
Based on the inputs, some clarification/justification on discussion point #1/#4 (for RAN1 discussion) are necessary, and other discussion points seem to be fine for all.
Therefore, I’d like to ask proponents of discussion point #1/#4 to provide replies to above comments.

	vivo
	On the comment from QC w.r.t discussion point #1, I’m not sure I get the point. What does it mean “it’s a RAN2 feature”?  
Additional path report was specified in RAN2’s specification. Right now, it’s missing in RAN1’s specification and UE feature list. We’re proposing changes in RAN1 specification 38.214 (in another discussion under AI 7.2.8) and UE feature list here to align with RAN2 signaling. I think this is the same logic as other discussion points here, for example #2 where changes are proposed to align with RAN2’s update.
Hope this clarifies.  

	Huawei/HiSilicon
	We are fine with the current arrangement.
For discussion point #1, we are open to discuss. However, we share similar view with QC that this part does not have to be reflected in RAN1 UE feature, due to the following reasons.
· RAN2 maintained other capabilities, including support of triggered reporting, support of periodic reporting, as well as supported positioning mode, and those parts are also not reflected in RAN1 feature list.
· The proposed change from vivo is also not aligned with RAN2 where a finer granularity {0, 1, 2} is proposed by vivo, but current RAN2 only decides to have single capability bit that can be interpreted as {0, 2}.
For discussion point #4, the question is more related to the main positioning session discussion rather than UE feature discussion, as in the main session, we have the following agreements. Our view is that if we do not define the new capability in discussion point #4, the existing capability signaling will be reused, e.g. simultaneous positioning SRS transmission for intra-band and inter-band CA, but the spec currently does not point to which capability should be associated with this operation. After further consideration, we think it is more flexible to define an individual capability.
	Agreement:
· For intra-band and inter-band CA operations, support the simultaneous transmission of SRS resource for positioning and SRS resource for MIMO.
· For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource-r16 and SRS-Resource on different CCs, subject to UE’s capability



For the comments from Apple, our view is attached.
For Discussion point #4, we have questions for clarification: how the reported number may be applied to simultaneous MIMO and/or Pos-SRS. For example, if UE reports value 2 for intra-band CA, can those 2 SRS be both mimo SRS? 
HW: Our understanding is that in that case, at least one should be positioning SRS, and at least one should be MIMO SRS.
How is this new feature related, if any, to other existing MIMO SRS capabilities, like maxNumberSimultaneousSRS-ResourceTx, MIMO SRS type, usage, etc ?
HW: The existing maxNumberSimultaneousSRS-ResourceTx, I guess is only related to NCB-SRS, and reported with FSPC, while here MIMO-SRS means generic SRS configured by SRS-Resource, regardless of usage, PR/AP/SP, etc. I also observed that there is an ongoing Rel-15 maintenance discussion on simulTx of MIMO SRS in this meeting, which somehow was mentioned one or two meetings ago in positioning session, so that simultaneous MIMO SRS transmission is not covered by this capability.

Regarding the optionality of a capability signaling, we are generally aligned with QC’s suggestions. However the following wording should be adjusted.
· Whether/how to modify or merge FG13-15 and FG13-15a
[QC] We agree that it needs to be modified. Updated Alt. 2.2 looks good; however we want to ensure that we have the same understanding: 
· if the UE does not report this feature in a BC for which it doesn’t support SRS for positioning. 
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1. 
Discussion on NR Rel-16 UE features for NR positioning
FG13-6/11
	13. NR Positioning
	13-6
	DL PRS Measurement Report for DL-TDOA
	1. DL RSTD measurements per pair of TRPs. Values = {1, 2, 3, 4}
2. Support DL PRS-RSRP measurements. Values = {0, 1}
	13-3
	No
	N/A
	
	Per UE
	No
	Yes
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-11
	UE Rx-Tx Measurement Report for Multi-RTT
	1. Max number of UE Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL PRS resource/resource set.
Value for component 1: {1,2,3,4}
Note: DL PRS resource/sets are on the same frequency layer
Note: the number of UE Rx – Tx time difference measurements refers to the measurements for a single TRP

2. Support RSRP measurements. Values = {0, 1}
Note: If the UE reports value 1 for component 2, same number of RSRP measurements supported as UE Rx-Tx measurements for component 1

	13-4 and 13-8
	No
	N/A
	
	Per UE
	No
	Yes
	N/A
	Need for location server to know if the feature is supported.

FG13-11 covers the case that SRS and DL PRS are on the same band
	Optional with capability signaling



In [2], following proposal is made.
	In TS 37.355, additional path for time-based measurement is captured in the IE ‘NR-DL-TDOA-MeasElement-r16’ and ‘NR-Multi-RTT-MeasElement-r16’. Correspondingly, UE capability of additional path report was captured in TS 37.355, where the UE can indicate the location server whether it can support reporting of timing information for additional detected path for associated ToA measurements as below. More background and details of additional path for time-based measurement report can be referred to our companion contribution in [2].
	NR-DL-TDOA-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-DL-TDOA-Mode-r16					PositioningModes,
	nr-DL-TDOA-MeasCapability-r16 		NR-DL-PRS-MeasCapability-r16	OPTIONAL,
	nr-DL-TDOA-MeasSupported-r16			BIT STRING {	prsrsrpSup		(0)} (SIZE(1..8)),
	additionalPathsReport-r16			ENUMERATED { supported }						OPTIONAL,
	periodicalReporting-r16				ENUMERATED { supported }				OPTIONAL,
...}

	NR-Multi-RTT-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-DL-PRS-MeasCapability-r16 		NR-DL-PRS-MeasCapability-r16,
[bookmark: _Hlk31809299]	nr-UL-SRS-MeasCapability-r16			NR-UL-SRS-MeasCapability-r16,
	nr-Multi-RTT-MeasSupported-r16			BIT STRING {	prsrsrpSup		(0)} (SIZE(1..8)),
	additionalPathsReport-r16			ENUMERATED { supported }						OPTIONAL,
	periodicalReporting-r16				ENUMERATED { supported }						OPTIONAL,
	...
}


To align with RAN2’s specification, we propose to add a component to FG 13-6 and 13-11 as the following.
[bookmark: OLE_Pro3]
Proposal 4.1: add a component of additional path report to FG 13-6 and 13-11.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported

	13. NR Positioning
	13-6
	DL PRS Measurement Report for DL-TDOA
	3. DL RSTD measurements per pair of TRPs. Values = {1, 2, 3, 4}
4. Support DL PRS-RSRP measurements. Values = {0, 1}
5. Support of additional path report. Values = {0, 1, 2}
	13-3
	No

	13. NR Positioning
	13-11
	UE Rx-Tx Measurement Report for Multi-RTT
	3. Max number of UE Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL PRS resource/resource set.
Value for component 1: {1,2,3,4}
Note: DL PRS resource/sets are on the same frequency layer
Note: the number of UE Rx – Tx time difference measurements refers to the measurements for a single TRP

4. Support RSRP measurements. Values = {0, 1}
Note: If the UE reports value 1 for component 2, same number of RSRP measurements supported as UE Rx-Tx measurements for component 1
3. Support of additional path report. Values = {0, 1, 2}
	13-4 and 13-8
	No






Discussion point #1
· Whether to add a component of additional path report to FG13-6 and 13-11 or not


FG13-12/12a
	13. NR Positioning
	13-12
	NR E-CID DL SSB RRM measurements with LPP support for NR Positioning
	1. NR E-CID DL SSB RRM measurements with LPP support for NR Positioning
	1-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12a
	NR E-CID DL CSI-RS RRM measurements with LPP support for NR Positioning
	1. NR E-CID DL CSI-RS RRM measurements with LPP support for NR Positioning
	1-4
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling



In [3], following proposal is made.
	In the LS from RAN2 R1-2005207, RAN2 decided to have 4 capability bits for E-CID in LPP.
Agreements:
The capability bits for SS RSRP, SS RSRQ, CSI-RS RSRP and CSI-RS RSRQ cover both cell specific measurement and beam specific measurement;
LS to be sent to RAN1 clarifying that we have 4 bits for SS RSRP/ SS RSRQ/CSI-RS RSRP/CSI-RS RSRQ.

It is different from RAN1 endorsed UE feature list R1-2005110, where two FGs are introduced with a single component. In addition, it is clarified that each capability indicates that UE support both cell-level measurement and beam-level measurement.
	13. NR Positioning
	13-12
	NR E-CID DL SSB RRM measurements with LPP support for NR Positioning
	1. NR E-CID DL SSB RRM measurements with LPP support for NR Positioning
	1-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12a
	NR E-CID DL CSI-RS RRM measurements with LPP support for NR Positioning
	1. NR E-CID DL CSI-RS RRM measurements with LPP support for NR Positioning
	1-4
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling



Based on RAN2 suggestion, we suggest to update the table with the following new FGs to document the change, so that TR 38.822 is aligned with stage-3 specification.
Proposal POS-1: Replace the current FG13-12 and FG13-12a with the following new FGs 13-12, 13-12a, 13-12b, and 13-12c, and send a reply LS to RAN2.
	13. NR Positioning
	13-12
	SS-RSRP RRM measurements for NR E-CID Positioning
	1. Support of cell-specific SS-RSRP RRM measurements with LPP report for NR E-CID Positioning
2. Support of beam-specific SS-RSRP RRM measurements with LPP report for NR E-CID Positioning
	1-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12a
	SS-RSRQ RRM measurements for NR E-CID Positioning
	1. Support of cell-specific SS-RSRQ RRM measurements with LPP report for NR E-CID Positioning
2. Support of beam-specific SS-RSRQ RRM measurements with LPP report for NR E-CID Positioning
	1-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12b
	CSI-RSRP RRM measurements for NR E-CID Positioning
	1. Support of cell-specific CSI-RSRP RRM measurements with LPP report for NR E-CID Positioning
2. Support of beam-specific CSI-RSRP RRM measurements with LPP report for NR E-CID Positioning
	1-4
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12c
	CSI-RSRQ RRM measurements for NR E-CID Positioning
	1. Support of cell-specific CSI-RSRQ RRM measurements with LPP report for NR E-CID Positioning
2. Support of beam-specific CSI-RSRQ RRM measurements with LPP report for NR E-CID Positioning
	1-4
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling






Discussion point #2
· Whether to replace FG13-12/12a with four FGs as proposed in R1-2005814 or not


FG13-15/15a
	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA
	1. The number of SRS resources for positioning on a symbol for intra-band CA
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-15a
	Simultaneous SRS transmission for inter-band CA
	1. The number of SRS resources for positioning on a symbol for inter-band CA
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling



In [3], following proposal is made.
	However normally a capability defined for intra-band CA should be also reported per BC with the limit that the BC is single-band band combination, e.g., dualPA-architecture, and should not be reported for other BCs.
	dualPA-Architecture
For band combinations with single-band with UL CA, this field indicates the support of dual PA. If absent in such band combinations, the UE supports single PA for all the ULs. For other band combinations, this field is not applicable.
	BC
	No
	No
	No



The problem of the current signaling granularity of per band may give the wrong impression that if UE reports that capability in e.g. band A, UE shall always be able to transmit the number of SRS in band A regardless of intra-band CA with only band A or inter-band CA containing band A.

The following two alternatives can be considered.
· Alt. 1: Change the FGs description without changing the reporting type, so that FG13-15 defines the simultaneous transmission of SRS within a band, regardless of whether it is intra-band CA or inter-band CA containing that reported band.

	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CAwithin an band
	1. The number of SRS resources for positioning on a symbol for intra-band CAwithin an band
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling


· Alt. 2: Change the reporting type to per BC and adding description that this is only limited to intra-band CA. We can have the following two sub-alternatives considering relationship with FG13-15a.
· Alt. 2-1: Keep the FG13-15 and FG13-15a separate, i.e.,
	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA
	1. The number of SRS resources for positioning on a symbol for intra-band CA
Candidate values {1, 2}
Note: This capability is only reported for single-band band combination.
	13-8
	Yes
	N/A
	
	Per bandBC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-15a
	Simultaneous SRS transmission for inter-band CA
	1. The number of SRS resources for positioning on a symbol for inter-band CA
Candidate values {1, 2}
Note: This capability is reported for BCs with at least two bands.
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling


· Alt. 2-2: Merge FG13-15 and FG13-15a with the additional Note to clarify intra-band CA and inter-band CA, i.e.,
	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA
	1. The number of SRS resources for positioning on a symbol for intra-band CA
Candidate values {1, 2}
Note: For single-band BCs, it defines the capability for intra-band CA, and for BCs with at least two bands, it defines the capability for inter-band CA.
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling



In our understanding, to align with existing discussion for the purpose of introducing this capability, we suggest to go with Alt. 2-2, so that RAN2 signaling can be unified.
Proposal POS-2: Merge FG13-15 and FG13-15a with reporting type of per BC and with the additional Note to clarify intra-band CA and inter-band CA, i.e,
	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA
	2. The number of SRS resources for positioning on a symbol for intra-band CA
Candidate values {1, 2}
Note: For single-band BCs, it defines the capability for intra-band CA, and for BCs with at least two bands, it defines the capability for inter-band CA.
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-15a
	Simultaneous SRS transmission for inter-band CA
	1. The number of SRS resources for positioning on a symbol for inter-band CA
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling






Discussion point #3
· Whether/how to modify or merge FG13-15 and FG13-15a

	Company
	Comments

	Huawei/HiSilicon
	We would like to correct the typos regarding the proposal from R1-2005814 in case it needs further discussion. Sorry for the inconvience.
Proposal POS-2: Merge FG13-15 and FG13-15a with reporting type of per BC and with the additional Note to clarify intra-band CA and inter-band CA, i.e,
	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA and inter-band CA
	1. The number of SRS resources for positioning on a symbol for intra-band CA and inter-band CA
Candidate values {1, 2}
Note: For single-band BCs, it defines the capability for intra-band CA, and for BCs with at least two bands, it defines the capability for inter-band CA.
	13-8
	Yes
	N/A
	
	Per bandBC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-15a
	Simultaneous SRS transmission for inter-band CA
	2. The number of SRS resources for positioning on a symbol for inter-band CA
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling




	
	



New FG for Simultaneous positioning SRS and MIMO SRS transmission for intra-band CA and inter-band CA
In [3], following proposal is made.
	In RAN1#101, we made the agreement on simultaneous positioning SRS and MIMO SRS transmission for intra-band CA and inter-band CA.
	Agreement:
· For intra-band and inter-band CA operations, support the simultaneous transmission of SRS resource for positioning and SRS resource for MIMO.
· For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource-r16 and SRS-Resource on different CCs, subject to UE’s capability



However, this agreement was not included in the UE feature discussion. To well-reflect the RAN1 understanding, we suggest to add new FGs to implement the agreement. Note that this is also proposed in the way that is aligned with the previous proposal.
Proposal POS-3: Add the following FGs to the UE feature list.
	13. NR Positioning
	13-xx
	[bookmark: _Hlk47976163]Simultaneous positioning SRS and MIMO SRS transmission for intra-band CA and inter-band CA
	1. The number of SRS resources for positioning and SRS resource for MIMO on a symbol for intra-band CA and inter-band CA
Candidate values {1, 2}
Note: For single-band BCs, it defines the capability for intra-band CA, and for BCs with at least two bands, it defines the capability for inter-band CA.
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling






Discussion point #4
· Whether/how to define new FG for simultaneous positioning SRS and MIMO SRS transmission for intra-band CA and inter-band CA


FG13-1/2a/2b/3a/3b/4a/4b
	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
	Optional with capability signaling

	13. NR Positioning
	13-2a
	DL PRS Resources for DL AoD on a band
	1. Max number of DL PRS Resources per DL PRS Resource Set 
Values = {2, 4, 8, 16, 32, 64}
Note: 16, 32, 64 are only applicable to FR2 bands
2. Max number of DL PRS Resources per positioning frequency layer. 
Values = {6, 24, 32, 64, 96, 128, 256, 512, 1024}
Note: 6 is only applicable to FR1 bands
	13-1
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR1 only BC.
2. 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
3. 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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
4. 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
	Optional with capability signaling

	13. NR Positioning
	13-3a
	DL PRS Resources for DL-TDOA on a band
	1. Max number of DL PRS Resources per DL PRS Resource Set 
Values = {1, 2, 4, 8, 16, 32, 64}
Note: 16, 32, 64 are only applicable to FR2 bands
2. Max number of DL PRS Resources per positioning frequency layer. 
Values = {6, 24, 32, 64, 96, 128, 256, 512, 1024}
Note: 6 is only applicable to FR1 bands
	13-1
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

	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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR1 only BC.
2. 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
3. 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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
4. 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
	Optional with capability signaling

	13. NR Positioning
	13-4a
	DL PRS Resources for Multi-RTT on a band
	1. Max number of DL PRS Resources per DL PRS Resource Set 
Values = {1, 2, 4, 8, 16, 32, 64}
Note: 16, 32, 64 are only applicable to FR2 bands
2. Max number of DL PRS Resources per positioning frequency layer. 
Values = {6, 24, 32, 64, 96, 128, 256, 512, 1024}
Note: 6 is only applicable to FR1 bands
	13-1
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

	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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR1 only BC.
2. 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
3. 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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
4. 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
	Optional with capability signaling



In [4], following proposal is made.
	We observe that in the agreed NR Positioning UE feature list, there is no separate FG that can be used to inform the LMF that a UE support a method (e.g. DL-TDOA, M-RTT, DL-AoD) in a specific band. However, in the latest RAN2 37.355 specification, it is clear that, if the UE does not report capabilities for a specific band, then it means that the UE does not support this method in this band, as it is shown in the following:

	NR-DL-PRS-ResourcesCapability-r16 ::= SEQUENCE {
	maxNrOfDL-PRS-ResourceSetPerTrpPerFrequencyLayer-r16	INTEGER (1..2),
	maxNrOfTRP-AcrossFreqs-r16					ENUMERATED { n4, n6, n12, n16, n32, n64, n128, n256, 													...},
	maxNrOfPosLayer-r16							INTEGER (1..4),
	dl-PRS-ResourcesCapabilityBandList-r16		SEQUENCE (SIZE (1..nrMaxBands-r16)) OF 
													DL-PRS-ResourcesCapabilityPerBand-r16,
	dl-PRS-ResourcesBandCombinationList-r16		DL-PRS-ResourcesBandCombinationList-r16,
	...
}
DL-PRS-ResourcesCapabilityPerBand-r16 ::= SEQUENCE {
	freqBandIndicatorNR-r16						FreqBandIndicatorNR-r16,
	maxNrOfDL-PRS-ResourcesPerResourceSet-r16	ENUMERATED { n1, n2, n4, n8, n16, n32, n64, ...},
	maxNrOfDL-PRS-ResourcesPerPositioningFrequencylayer-r16	ENUMERATED { n6, n24, n32, n64, n96, n128, n256, n512, n1024, ...},
	..



To avoid any future ambiguity, it is preferred to add a note to clarify this in the RAN1 UE feature list also. In other words, we make the following proposal:

Proposal: Add the following Note in FG 13-1, 13-2a, 13-2b, 13-3a, 13-3b, 13-4a, 13-4b:
· 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.



Discussion point #5
· Whether to add a note “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” in FG13-1/2a/2b/3a/3b/4a/4b or not


FG13-9e
	13. NR Positioning
	13-9e
	PathLoss estimate maintenance per serving cell
	1. Max number of pathloss estimates that the UE can simultaneously maintain for all the SRS resource sets for positioning per serving cell in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions”
· Candidate values are {1, 4, 8, 16}
· Note: SRS in “PUSCH/PUCCH/SRS” refers to SRS configured by SRS-Resource

	One of {13-9, 13-9a, 13-9b, 13-9c}
	Yes
	N/A
	
	Per band 
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
SRS and SSB and/or PRS are in the same band
	Optional with capability signaling



In [4], following proposal is made.
	Similarly, to the above discussion, with regards to the pathloss maintenance, if the UE does not report this capability in a specific band, it means that the UE does not support any additional pathloss estimate in addition to the up to four that are used for PUSCH/PUCCH/SRS transmissions. 

Proposal: Add the following Note in FG 13-9e:
· Note: if the UE does not indicate this capability for a band, the UE does not support any pathloss estimates in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions in that band.



Discussion point #6
· Whether to add a note “Note: if the UE does not indicate this capability for a band, the UE does not support any pathloss estimates in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions in that band” in FG13-9e or not


FG13-11a
	13. NR Positioning
	13-11a
	Association between SRS for positioning and DL PRS for Multi-RTT
	1.  Support of measurements derived on one or more DL PRS resource/resource sets which may be in different positioning frequency layers for SRS transmitted in a single CC.

Note: PRS and SRS may be in a different band
	13-4 and 13-8
	No
	N/A
	
	Per UE
	No
	Yes
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling



In [4], following proposal is made.
	The feature 13-11a is about association of PRS and SRS which can be in different bands. Any such feature should be reported in a band combination, in the following sense: If the UE reports a band combination, then the UE supports having one or more Positioning Frequency layers and an SRS inside one or the other or both the bands of the band combination. 

Proposal: Change FG 13-11a to be reported per Band combination
· If the UE reports this capability in a band combination, then the UE supports measurements derived on one or more Positioning Frequency layers and an SRS configured in either one or both the bands in the band combination. 



Discussion point #7
· Whether FG13-11a is changed to per BC or not


Component 1 in FG13-2/3/4
	13. NR Positioning
	13-2
	DL PRS Resources for DL AoD
	1. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
Values = {1, 2}
2. Max number of TRPs across all positioning frequency layers per UE. 
Values = {4, 6, 12, 16, 24, 32, 64, 128, 256}
3. Max number of positioning frequency layers UE supports
Values = {1, 2, 3, 4}
	13-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	13. NR Positioning
	13-3
	DL PRS Resources for DL-TDOA
	1. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
Values = {1, 2}
2. Max number of TRPs across all positioning frequency layers per UE. 
Values = {4, 6, 12, 16, 24, 32, 64, 128, 256}
3. Max number of positioning frequency layers UE supports
Values = {1, 2, 3, 4}
	13-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	13. NR Positioning
	13-4
	DL PRS Resources for Multi-RTT
	1. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
Values = {1, 2}
2. Max number of TRPs across all positioning frequency layers per UE. 
Values = {4, 6, 12, 16, 24, 32, 64, 128, 256}
3. Max number of positioning frequency layers UE supports
Values = {1, 2, 3, 4}
	13-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling



In [4], following proposal is made.
	Component 1 in all the above 3 FGs, are about the number of sets the UE supports per frequency layer. Such a feature needs to be reported per band, since for different bands, the UE may support 1 or 2 sets per frequency layer. 

Proposal: Move Component 1 of FG 13-2, 13-3, 13-4 inside FG 13-2a, 13-3a, 13-4a respectively.



Discussion point #8
· Whether to move component 1 of FG13-2/3/4 inside FG13-2a/3a/4a respectively or not


FG13-8
	13. NR Positioning
	13-8
	SRS Resources for Positioning
	1. Max number of SRS Resource Sets for positioning supported by UE per BWP. 
Values = {1, 2, 4, 8, 12, 16}.
2. Max number of P/SP/AP SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}
3. Max number of P/SP/AP SRS Resources including the SRS resources for positioning per BWP per slot.
Values = {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}
Note: Max number of P/SP/AP SRS Resources in Component 3 include both SRS resources configured by SRS-Resource and SRS resources configured by SRS-PosResource-r16 supported by UE
4. Max number of periodic SRS Resources for positioning per BWP.
 Values = {1,2,4,8,16,32,64}
5. Max number of periodic SRS Resources for positioning per BWP per slot. 
Values = {1,2,3,4,5,6,8,10,12,14}

OLPC for SRS for positioning based on SSB from serving cell is part of FG13-8
Note: no dedicated capability signaling is intended for this component
	
	Yes
	N/A
	
	Per FS

Note: Per FS is selected because similar capability was reported per FS (in FeatureSetUplink) in Rel-15
	N/A
	N/A
	N/A
	
	Optional with capability signaling



In [4], following proposal is made.
	13-8 is the main capability with regards to the SRS for positioning. It should be clear that if a UE does not report this capability for a specific band of band combination, then the UE does not support the feature of SRS for positioning in this band of the band combination. 

Proposal: Add the following Note in FG 13-8:
· Note: if the UE does not indicate this capability for a band in a band combination, the UE does not support SRS for Positioning in this band in the band combination.



Discussion point #9
· Whether to add a note “Note: if the UE does not indicate this capability for a band in a band combination, the UE does not support SRS for Positioning in this band in the band combination” in FG13-8 or not

Conclusion
It is agreed to have following email discussion.

[102-e-NR-UEFeatures-Positioning-01] Email discussion/approval on UE features for NR positioning (17th – 20th August) – Hiroki (DCM)
· Whether to add a component of additional path report to FG13-6 and 13-11 or not
· Whether to replace FG13-12/12a with four FGs as proposed in R1-2005814 or not
· Whether/how to modify or merge FG13-15 and FG13-15a
· Whether/how to define new FG for simultaneous positioning SRS and MIMO SRS transmission for intra-band CA and inter-band CA
· Whether to add a note “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” in FG13-1/2a/2b/3a/3b/4a/4b or not
· Whether to add a note “Note: if the UE does not indicate this capability for a band, the UE does not support any pathloss estimates in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions in that band” in FG13-9e or not
· Whether FG13-11a is changed to per BC or not
· Whether to move component 1 of FG13-2/3/4 inside FG13-2a/3a/4a respectively or not
· Whether to add a note “Note: if the UE does not indicate this capability for a band in a band combination, the UE does not support SRS for Positioning in this band in the band combination” in FG13-8 or not
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Appendix: UE features list for NR positioning in [1]
	Features
	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
( 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	13. NR Positioning
	13-1
	Common DL PRS Processing Capability
	5. 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}

6. DL PRS buffering capability: Type 1 or Type 2
c) Type 1 – sub-slot/symbol level buffering
d) Type 2 – slot level buffering

7. 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.
c) T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
d) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms


8. 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
	Optional with capability signaling

	13. NR Positioning
	13-1a
	Max number of positioning frequency layers UE supports across all positioning methods across all bands
	Max number of positioning frequency layers UE supports across all positioning methods across all bands
Values: {1, 2, 3, 4}
	
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	13. NR Positioning
	13-2
	DL PRS Resources for DL AoD
	4. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
Values = {1, 2}
5. Max number of TRPs across all positioning frequency layers per UE. 
Values = {4, 6, 12, 16, 24, 32, 64, 128, 256}
6. Max number of positioning frequency layers UE supports
Values = {1, 2, 3, 4}
	13-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	13. NR Positioning
	13-2a
	DL PRS Resources for DL AoD on a band
	3. Max number of DL PRS Resources per DL PRS Resource Set 
Values = {2, 4, 8, 16, 32, 64}
Note: 16, 32, 64 are only applicable to FR2 bands
4. Max number of DL PRS Resources per positioning frequency layer. 
Values = {6, 24, 32, 64, 96, 128, 256, 512, 1024}
Note: 6 is only applicable to FR1 bands
	13-1
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	13. NR Positioning
	13-2b
	DL PRS Resources for DL AoD on a band combination
	5. 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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR1 only BC.
6. 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
7. 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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
8. 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
	Optional with capability signaling

	13. NR Positioning
	13-3
	DL PRS Resources for DL-TDOA
	4. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
Values = {1, 2}
5. Max number of TRPs across all positioning frequency layers per UE. 
Values = {4, 6, 12, 16, 24, 32, 64, 128, 256}
6. Max number of positioning frequency layers UE supports
Values = {1, 2, 3, 4}
	13-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	13. NR Positioning
	13-3a
	DL PRS Resources for DL-TDOA on a band
	3. Max number of DL PRS Resources per DL PRS Resource Set 
Values = {1, 2, 4, 8, 16, 32, 64}
Note: 16, 32, 64 are only applicable to FR2 bands
4. Max number of DL PRS Resources per positioning frequency layer. 
Values = {6, 24, 32, 64, 96, 128, 256, 512, 1024}
Note: 6 is only applicable to FR1 bands
	13-1
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	13. NR Positioning
	13-3b
	DL PRS Resources for DL-TDOA on a band combination
	5. 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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR1 only BC.
6. 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
7. 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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
8. 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
	Optional with capability signaling

	13. NR Positioning
	13-4
	DL PRS Resources for Multi-RTT
	4. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
Values = {1, 2}
5. Max number of TRPs across all positioning frequency layers per UE. 
Values = {4, 6, 12, 16, 24, 32, 64, 128, 256}
6. Max number of positioning frequency layers UE supports
Values = {1, 2, 3, 4}
	13-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	13. NR Positioning
	13-4a
	DL PRS Resources for Multi-RTT on a band
	3. Max number of DL PRS Resources per DL PRS Resource Set 
Values = {1, 2, 4, 8, 16, 32, 64}
Note: 16, 32, 64 are only applicable to FR2 bands
4. Max number of DL PRS Resources per positioning frequency layer. 
Values = {6, 24, 32, 64, 96, 128, 256, 512, 1024}
Note: 6 is only applicable to FR1 bands
	13-1
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	13. NR Positioning
	13-4b
	DL PRS Resources for Multi-RTT on a band combination
	5. 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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for FR1 only BC.
6. 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
7. 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, 128, 192, 256, 512, 1024, 2048}
Note this is reported for BC containing FR1 and FR2 bands
8. 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
	Optional with capability signaling

	13. NR Positioning
	13-5
	DL PRS Measurement Report for DL-AoD
	1. Max number of DL PRS RSRP measurements on different PRS resources from the same TRP supported by the UE 
Values = {1, 2, 3, 4, 5, 6, 7, 8}
	13-2,
	No
	N/A
	
	Per UE
	No
	Yes
	N/A
	Need for location server to know if the feature is supported.

the number of RSRP measurement on a particular band is also upper bounded by the number of resources per set supported by UE reported per band
	Optional with capability signaling

	13. NR Positioning
	13-6
	DL PRS Measurement Report for DL-TDOA
	6. DL RSTD measurements per pair of TRPs. Values = {1, 2, 3, 4}
7. Support DL PRS-RSRP measurements. Values = {0, 1}
	13-3
	No
	N/A
	
	Per UE
	No
	Yes
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-7
	Support of SSB from neighbor cell as QCL source of a DL PRS
	1. Support of SSB from neighbor cell as QCL source of a DL PRS
· Support of reuse SSB measurement from RRM for receiving PRS
Note: Refers to Type-C for FR1 and Type-C & Type-D support for FR2
	13-1
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-7a
	Support of DL PRS from serving/neighbor cell as QCL source of a DL PRS
	1. Support of DL PRS from serving/neighbor cell as QCL source of a DL PRS
Note: Refers to Type-D support for FR2
	13-1
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

DL PRSs are in the same band
	Optional with capability signaling

	13. NR Positioning
	13-8
	SRS Resources for Positioning
	6. Max number of SRS Resource Sets for positioning supported by UE per BWP. 
Values = {1, 2, 4, 8, 12, 16}.
7. Max number of P/SP/AP SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}
8. Max number of P/SP/AP SRS Resources including the SRS resources for positioning per BWP per slot.
Values = {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}
Note: Max number of P/SP/AP SRS Resources in Component 3 include both SRS resources configured by SRS-Resource and SRS resources configured by SRS-PosResource-r16 supported by UE
9. Max number of periodic SRS Resources for positioning per BWP.
 Values = {1,2,4,8,16,32,64}
10. Max number of periodic SRS Resources for positioning per BWP per slot. 
Values = {1,2,3,4,5,6,8,10,12,14}

OLPC for SRS for positioning based on SSB from serving cell is part of FG13-8
Note: no dedicated capability signaling is intended for this component
	
	Yes
	N/A
	
	Per FS

Note: Per FS is selected because similar capability was reported per FS (in FeatureSetUplink) in Rel-15
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	13. NR Positioning
	13-8a
	Support of Aperiodic SRS Resources for positioning
	1. Max number of aperiodic SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}
2. Max number of aperiodic SRS Resources for positioning per BWP per slot.
 Values = {1,2,3,4,5,6,8,10,12,14}
	13-8
	Yes
	N/A
	
	Per FS

Note: Per FS is selected because similar capability was reported per FS (in FeatureSetUplink) in Rel-15
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	13. NR Positioning
	13-8b
	Support of Semi-persistent SRS Resources for positioning
	1. Max number of semi-persistent SRS Resources for positioning supported by UE per BWP.
Values = {1,2,4,8,16,32,64}
2. Max number of semi-persistent SRS Resources for positioning supported by UE per BWP per slot.
Values = {1,2,3,4,5,6,8,10,12,14}
	13-8
	Yes
	N/A
	
	Per FS

Note: Per FS is selected because similar capability was reported per FS (in FeatureSetUplink) in Rel-15
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	13. NR Positioning
	13-8c
	SRS Resources for Positioning
	1. Max number of SRS Resource Sets for positioning supported by UE per BWP. 
Values = {1, 2, 4, 8, 12, 16}.
2. Max number of P/SP/AP SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}
3. Max number of periodic SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}

	13-8
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported

UE only reports the number on bands for the current configured CA band combination.
	Optional with capability signaling

	13. NR Positioning
	13-8d
	Support of Aperiodic SRS Resources for positioning
	1. Max number of aperiodic SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}

	13-8a, 13-8c
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

UE only reports the number on bands for the current configured CA band combination.
	Optional with capability signaling

	13. NR Positioning
	13-8e
	Support of Semi-persistent SRS Resources for positioning
	1. Max number of semi-persistent SRS Resources for positioning supported by UE per BWP.
Values = {1,2,4,8,16,32,64}

	13-8b,13-8c
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

UE only reports the number on bands for the current configured CA band combination.
	Optional with capability signaling

	13. NR Positioning
	13-9
	OLPC for SRS for positioning based on PRS from the serving cell
	1. OLPC for SRS for positioning based on PRS from the serving cell in the same band
	13-1 and 13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-9a
	OLPC for SRS for positioning based on SSB from neighbouring cells
	1. OLPC for SRS for positioning based on SSB from neighbouring cells in the same band
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-9b
	OLPC for SRS for positioning based on PRS from the neighbouring cells
	1. OLPC for SRS for positioning based on PRS from the neighbouring cells in the same band
	13-9
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-9e
	PathLoss estimate maintenance per serving cell
	2. Max number of pathloss estimates that the UE can simultaneously maintain for all the SRS resource sets for positioning per serving cell in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions”
· Candidate values are {1, 4, 8, 16}
· Note: SRS in “PUSCH/PUCCH/SRS” refers to SRS configured by SRS-Resource

	One of {13-9, 13-9a, 13-9b, 13-9c}
	Yes
	N/A
	
	Per band 
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
SRS and SSB and/or PRS are in the same band
	Optional with capability signaling

	13. NR Positioning
	13-9f
	PathLoss estimate maintenance across all cells
	1. Max number of pathloss estimates that the UE can simultaneously maintain for all the SRS resource sets for positioning across all cells in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions”
· Candidate values are {1, 4, 8, 16}
· Note: SRS in “PUSCH/PUCCH/SRS” refers to SRS configured by SRS-Resource
	One of {13-9, 13-9a, 13-9b, 13-9c}
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
SRS and SSB and/or PRS are in the same band
	Optional with capability signaling

	13. NR Positioning
	13-10
	Spatial relation for SRS for positioning based on SSB from the serving cell
	1. Spatial relation for SRS for positioning based on SSB from the serving cell in the same band
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10a
	Spatial relation for SRS for positioning based on CSI-RS from the serving cell
	1. Spatial relation for SRS for positioning based on CSI-RS from the serving cell in the same band
	13-10
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10b
	Spatial relation for SRS for positioning based on PRS from the serving cell
	1. Spatial relation for SRS for positioning based on PRS from the serving cell in the same band
	One of 
{13-2, 13-3, 13-4} and13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10c
	Spatial relation for SRS for positioning based on SRS
	1. Spatial relation for SRS for positioning based on SRS in the same band
	13-8,
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10d
	Spatial relation for SRS for positioning based on SSB from the neighbouring cell
	1. Spatial relation for SRS for positioning based on SSB from the neighbouring cell in the same band
	13-10
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10e
	Spatial relation for SRS for positioning based on PRS from the neighbouring cell
	1. Spatial relation for SRS for positioning based on PRS from the neighbouring cell in the same band
	13-10b
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10f
	Spatial relation maintenance
	1. Max Number of maintained spatial relations for all the SRS resource sets for positioning across all serving cells in addition to the spatial relations maintained spatial relations per serving cell for the PUSCH/PUCCH/SRS transmissions.
Values = {0,1,2,4,8,16}]
Note: component 1 is for all cells across all bands
Note: SRS in “PUSCH/PUCCH/SRS” refers to SRS configured by SRS-Resource

	One of {13-10, 13-10a, 13-10b, 13-10d, 13-10e}
	Yes
	N/A
	
	Per UE
	No
	No (FR2 only)
	N/A
	Need for location server to know if the feature is supported.

SRS and SSB and/or PRS are in the same band
	Optional with capability signaling

	13. NR Positioning
	13-11a
	Association between SRS for positioning and DL PRS for Multi-RTT
	2.  Support of measurements derived on one or more DL PRS resource/resource sets which may be in different positioning frequency layers for SRS transmitted in a single CC.

Note: PRS and SRS may be in a different band
	13-4 and 13-8
	No
	N/A
	
	Per UE
	No
	Yes
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-11
	UE Rx-Tx Measurement Report for Multi-RTT
	5. Max number of UE Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL PRS resource/resource set.
Value for component 1: {1,2,3,4}
Note: DL PRS resource/sets are on the same frequency layer
Note: the number of UE Rx – Tx time difference measurements refers to the measurements for a single TRP

6. Support RSRP measurements. Values = {0, 1}
Note: If the UE reports value 1 for component 2, same number of RSRP measurements supported as UE Rx-Tx measurements for component 1

	13-4 and 13-8
	No
	N/A
	
	Per UE
	No
	Yes
	N/A
	Need for location server to know if the feature is supported.

FG13-11 covers the case that SRS and DL PRS are on the same band
	Optional with capability signaling

	13. NR Positioning
	13-12
	NR E-CID DL SSB RRM measurements with LPP support for NR Positioning
	3. NR E-CID DL SSB RRM measurements with LPP support for NR Positioning
	1-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12a
	NR E-CID DL CSI-RS RRM measurements with LPP support for NR Positioning
	3. NR E-CID DL CSI-RS RRM measurements with LPP support for NR Positioning
	1-4
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-13
	Simultaneous DL-AoD and DL-TDoA processing
	1. Support of simultaneous processing for DL AoD and DL TDoA measurements 
If it is not indicated, a UE is not expected to perform simultaneously the processing for deriving DL AoD and DL TDoA measurements 

	13-2 and 13-3
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-14
	Simultaneous DL-AoD and Multi-RTT processing
	1. Support of simultaneous processing for DL AoD and Multi-RTT measurements 

If it is not indicated, a UE is not expected to perform simultaneously the processing for deriving DL AoD and M-RTT measurements 

	13-2, 13-4 and 13-8
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA
	2. The number of SRS resources for positioning on a symbol for intra-band CA
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-15a
	Simultaneous SRS transmission for inter-band CA
	2. The number of SRS resources for positioning on a symbol for inter-band CA
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-18
	Support of parallel processing of LTE PRS and NR PRS
	1. Support of parallel processing of LTE PRS and NR PRS
	
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported
	Optional with capability signaling
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