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Introduction
In RAN1#106bis-e meeting, a preliminary UE feature list was endorsed for Rel-17 NR positioning [1]. Because it was just the first meeting for UE feature discussion, only the basic feature groups are agreed. Many details are needed to be further determined. 
In this contribution, we provide our views on the open issues. Based on the proposals, we also provide an update for the agreed FG list in Appendix. The revision respect with [1] is highlighted in red. 
UE features for Rel-17 NR positioning
2.1 Mitigation of UE Rx/Tx timing delays
Agreements:
	Parameter Description
	Values in specifications (e.g., TS 37.355, TS 38.455)
	Values that can be signaled as part of UE Capability
	Comments

	The maximum number of UE RxTEGs [for UE-assisted DL TDOA and/or Multi-RTT] 
	[32]
 
	[1, 2,4,6,8,12,16,24,32]
FFS: per UE/band /FL/FR
	The parameter is used for supporting DL-TDOA and/or Multi-RTT

	The maximum number of UE TxTEGs [for UL-TDOA and/or Multi-RTT] 
	[8]
	[1, 2,4,6,8]
FFS: per UE/band /FL/FR
	The parameter is used for supporting UL-TDOA and/or Multi-RTT

	The maximum number of UE-RxTx TEGs 
	[256]
 
	[1, 2,4,6,8,12,16,24,32,64, 128, 256]
FFS: per UE/band /FL/FR
	The parameter is used for supporting Multi-RTT


· Note: Above proposal does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.
In this section, we provide our views based on the above agreement made in AI 8.5.1 in last meeting.
	27-1-x1
	Mitigation of UE Rx timing delays  Maximum number of UE-RxTEGs [for UE-assisted DL TDOA and/or Multi-RTT positioning]
	The maximum number of UE-RxTEG per UE, which is supported and reported by UE [for DL TDOA [and/or Multi-RTT positioning]

FFS: the values (>1). 
FFS: whether to have a value=1 to indicate UE Rx timing errors is well calibrated
FFS: whether to have separate values/FGs for DL TDOA and/or Multi-RTT positioning

[If UE supports this capability with the values > 1, the UE supports including one UE Rx TEG ID for the RSTD reference time and one UE Rx TEG ID for each DL RSTD measurement (including each additional DL RSTD measurement), in a DL TDOA measurement report]
	[13-3]


For FG 27-1-1 on the mitigation of UE RX timing delays, the following aspects are suggested.
· [bookmark: OLE_LINK1]DL measurements from different bands may experience different timing error since the group delay mainly relies on hardware and different bands may correspond to different RF chains. Hence, this UE feature should be provided per band regardless of DL TDOA or RTT positioning solutions. That is, this FG should be shared for both DL TDOA and Multi-RTT positioning.
· Different UE receive antennas maybe correspond to different timing errors especially for UEs without well calibration. Considering UE may have up to 8 receive antennas, it is reasonable to support the candidate values {1, 2, 4, 8} for maximum number of UE-RxTEGs. Value=1 is to indicate that the timing error differences between all DL measurements are within a certain margin. 
· The prerequisite should be FG 13-1 (common DL PRS Processing Capability) since UE-RxTEGs is for DL PRS processing and is independent of positioning solutions. 
Proposal 1: For FG 27-1-1
· The report granularity is per band.
· The candidate values are {1, 2, 4, 8}
· Value=1 is to indicate that the timing error differences between all DL measurements are within a certain margin
· Shared for both UE-assisted DL TDOA and Multi-RTT positioning 
· The prerequisite is FG 13-1(common DL PRS Processing Capability)

	27-x1-2
	Mitigation of UE Tx timing delays Maximum number of UE-TxTEGs [for UL TDOA and/or Multi-RTT positioning]
	The maximum number of UE-TxTEG per UE, which is supported and reported by UE [for UL TDOA and/or Multi-RTT positioning]
FFS: the values (>1).
FFS: whether to have a value=1 to indicate UE Tx timing errors is well calibrated
FFS: whether a UE supports to have different values/FGs for UL TDOA and/or Multi-RTT positioning

FFS: Separate row for “Support of UE-TxTEG reporting for MRTT”, and a separate row for the “maximum number of TxTEGs for RTT”

[If UE supports this capability with the values > 1, the UE supports to provide the association information of UL SRS resources for positioning with Tx TEGs to the LMF.
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF]
	[13-4, 13-8]


Similarly, for FG27-1-2 on the mitigation of UE TX timing delays, we think the report granularity should be per band regardless of UL TDOA and Mutli-RTT positioning. Since UE usually only has at most 4 transmit antennas for UL transmission, the candidate values of maximum number of UE-TxTEGs should be {1, 2, 4}. 
Because UE-TxTEG information is not applicable for SRS with MIMO usage, and should be shared for both UL TDOA and Multi-RTT, we think the prerequisite should be only 13-8. 
In addition, this UE capability should let gNB know since gNB needs to decide UL measurement results based on the information of UE TxTEGs. 
Moreover, for UL TDOA based on positioning SRS, i.e. UE supports FG 13-8, if UE reports this FG 27-1-2 with value > 1, that means it should also support that the serving gNB to request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB for UL TDOA. It should also support the LMF to request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF for Multi-RTT if Multi-RTT is supported by UE. There is no reason to introduce an extra UE FG. Otherwise, this FG 27-1-2 will be useless if UE is not able to provide the association information of UL SRS resources for positioning with Tx TEGs. 
Proposal 2: For FG 27-1-2
· The report granularity is per band.
· The candidate values are {1, 2, 4}
· Value=1 is to indicate that the timing error differences between all UL transmissions are within a certain margin
· Shared for both UE-assisted UL TDOA and Multi-RTT positioning 
· The prerequisite is FG 13-8 (for positioning SRS)
· This UE capability report should let gNB know
· If UE supports this capability with the value > 1, 
· It should support the serving gNB to request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB for UL TDOA
· It should support the LMF to request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF for Multi-RTT 

	27-x1-3
	Mitigation of UE RxTx timing delays Maximum number of UE-RxTxTEGs for Multi-RTT
	The maximum number of UE-RxTxTEG per UE, which is supported and reported by UE for Multi-RTT positioning
FFS: the values (>1)
FFS: whether to have a value=1 to indicate UE RxTx timing errors is well calibrated

[If a UE support this capability with the values > 1, the UE supports reporting of UE RxTx TEG ID with UE Rx-Tx time difference measurements for Multi-RTT positioning]
	[13-4, 13-8]


For FG 27-1-3 on the mitigation of UE Rx+TX timing delays, the report granularity should also be per band as aforementioned reason. The candidate values should take into account DL measurements and UL transmissions, which at least should include the number of multiplications between the number of UE-RxTEGs and UE-TxTEGs. So, the candidate values can be {1, 2, 4, 8, 16, 32}, where value=1 is to indicate that the ‘Rx timing error+Tx timing error’ differences between all combinations of measurement and transmission are within a certain margin. Regarding the prerequisite, we think both FG 13-4(DL PRS Resources for Multi-RTT) and FG 13-8(SRS Resources for Positioning) should be included as Multi-RTT positioning is based on both DL PRS and UL positioning SRS.
Proposal 3: For FG 27-1-3
· [bookmark: OLE_LINK3]The report granularity is per band
· The candidate values are {1, 2, 4, 8, 16, 32}
· Value=1 is to indicate that the ‘Rx timing error+Tx timing error’ differences between all combinations of measurement and transmission are within a certain margin
· The prerequisite is FG 13-4(for DL PRS) and 13-8 (for positioning SRS)

	27-x1-4
	The maximum Number of  UE Rx TEGs for measuring the same DL PRS resource
	The maximum number of different UE-RxTEGs that a UE can support to measure the same DL PRS of a TRP.
FFS: The values (>1)

	27-x1


For FG 27-1-4 on maximum Number of UE Rx TEGs for measuring the same DL PRS resource, straightforwardly, FG 27-1-1 should be its prerequisite and per band basis. The candidate values have been agreed in AI 8.5.1 in last meeting. 
	Agreement:
Make the following modification on the previous agreement made in RAN#106e:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· N=[2, 3, 4, 6, 8] (FFS: other values), where the maximum value of N depends on UE capability
· The TRP can be either a “RSTD” reference TRP or a neighbour TRP
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple RSTD measurements in the same measurement report can be the same or different.
· Note: All RSTD measurements are relative to a single reference timing


However, UE supports N1 RX TEGs for measuring the same DL PRS resource doesn’t mean UE can support N1 RX TEGs for measuring the same DL PRS resource simultaneously. Hence, a new component should be included in FG 27-1-4, the candidate values represent UE capability of the number of UE Rx TEGs for measuring the same DL PRS resource simultaneously, which depends on the maximum number of UE receive panels or the support maximum number of UE receive beams at a same time. The candidate values can be 2 or 4. With such UE capability, LMF can recommend gNB the appropriate PRS parameters including resource or resource set repetition factor, PRS periodicity etc.. For example, if UE reports N1 = 8 for measuring the same DL PRS resource and N2= 2 for measuring the same DL PRS resource simultaneously, then it is sufficient to configure 4 PRS resource repetitions to let UE report all 8 RX TEGs for the same resource as UE can process one resource instance with two RX TEGs simultaneously. However, if UE reports N1 = 8 and N2= 1, then it may need to configure 8 PRS resource repetitions to let UE report all 8 RX TEGs for the same resource.
Proposal 4: For FG 27-1-4
· The report granularity is per band
· The candidate values are { 2, 3, 4, 6, 8}
· One new component or one new FG is needed for maximum number of different UE-RxTEGs that a UE can support to measure the same DL PRS of a TRP simultaneously,
·  The candidates are {2, 4}. 

2.2 DL-AOD enhancements
	27-z2-1
	Support of [UE-assisted] DL PRS RSRP of the first [or additional] path [for DL-AoD]
	UE’s capability to Support providing the of [measuring and reporting the] PRS RSRP of the first [or additional] path [for DL-AoD positioning method]

[Note: Applicable for DL-TDOA and Multi-RTT]

	[13-2 or 13-3]

	27-z2-2
	Support of DL PRS RSRP reporting for more than 8 measurements [for UE-assisted DL-AoD positioning]
	UE capability to Support reporting K> 8 DL PRS RSRP measurements per TRP.

FFS: the values of K

•Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. 

Note: Additional capability may be added:
•FFS: Additional capability may be added to limit the maximum number of DL PRS RSRP associated with the same Rx beam index
	[13-5]


FG 27-2-1 should be only for first path RSRP as the current agreement for additional path RSRP is only applicable for DL TDOA and Multi-RTT. 
Moreover, based on the agreement made in RAN1#105-e meeting, first path RSRP for DL AoD should be applicable for both UE assisted and UE based positioning. So the component 1 for this FG should be support of PRS RSRP measurement of the first path for both UE based and UE assisted positioning. 
The second component is to report M first path PRS RSRP measurements per TRP for UE assisted DL-AOD positioning. Based on the agreement in RAN1#106b-e meeting, M should be {2, 4, 8, 16, 24}. Like FG 13-2 for DL-DOA, this FG should be per UE.
Proposal 5: For FG 27-2-1 
· The report granularity is per UE
· The prerequisite is FG 13-2
· It is only for DL-AOD, and only for first path RSRP
· Component 1: Support of PRS RSRP measurement of the first path for UE based or UE assisted positioning
· Component 2: Candidate values for first path PRS RSRP measurements per TRP for UE assisted DL-AOD positioning are {2,4,8,16,24}
· A separate FG is needed for path RSRP report on DL TDOA and Multi-RTT

For FG 27-2-2, we have the following suggestion based on the agreement made in RAN1#106b-e meeting. We think the requisite should be only FG 13-2. If UE reports this FG, it doesn’t need to report FG 13-5(report up to 8 RSRP) anymore. 
Proposal 6: For FG 27-2-2
· The report granularity is per UE
· The candidate values are {16, 24}
· The prerequisite is FG 13-2
2.3 Latency reduction
	27-u3-1
	Support of M-sample measurements [of DL PRS measurement on single DL PRS period/occasion]
	The capability to support providing reporting a measurement based on measuring M samples (instances) of a DL PRS resource set

M= [1[,2-34]. FFS: other values. If the UE does not provide the capability, the UE [is assumed to] support M=4 only.
	[13-1]


FG 27-3-1 is to support M < 4 measurement samples where one sample corresponds to one PRS resource measurement occasion/instance. Based on the previous agreement, at least M = 1 is supported. In our view, M = {2, 3} can further provide more flexibility between performance reliability and positioning latency reduction. Hence, we suggest further agreeing M = 2 and 3. Here is our proposal
Proposal 7: For FG 27-3-1
· The report granularity is per UE
· The candidate values are {1, 2, 3, 4}

In addition, one more agreement was made in RAN1#106b-e meeting as follows. Hence, one new FG should be introduced. 
	Agreement:
Introduce a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers.
· Send an LS to RAN4 to confirm.


Proposal 8: Introduce a new FG for support of lower Rx beam sweeping factor for FR2.  
· The report granularity is per UE
· The candidate values are {1, 2, 4}

For FG 27-3-2 on support of DL PRS measurement outside MG, we suggest to clarify that DL PRS with higher priority for PRS measurement should be contained in a PRS processing priority window. Further, within a PRS processing window, UE measurement should be inside the active DL BWP with PRS having the same numerology as the active DL BWP. In addition, since it has been agreed the priority indicator in indicated by gNB, this UE capability should at least let gNB know. 
Proposal 9: For 27-3-2 on support of DL PRS measurement outside MG
· The report granularity is per UE
· Need for gNB to know if the feature is supported.
· Clarify that: within a PRS processing window, UE measurement is inside the active DL BWP with PRS having the same numerology as the active DL BWP
In Rel-16, during the measurement window, the N ms of PRS symbols may be located in anywhere within the duration of T ms as shown in following figures.
[image: ]
Figure 1a                     Figure 1b                        Figure 1c
As defined in the formula of TS 38.133 for the measurement period, the component Tlast is the measurement duration for the last PRS sample, including the sampling time and processing time. The Tlast is to consider the cases that PRS resources from different sets are not concentrated on the same MG instance or PRS resources appear in the end of the processing window (e.g. Figure 1c shown above). This component leads to additional latency for the sampling and processing of the last PRS sample. As we are trying to reduce the latency as much as possible, it’s not acceptable to take additional time after the end of the PRS processing window. 
In order to reduce the latency for DL PRS measurement in the PRS processing window, the location information report should be ready right after the end of the PRS processing window. That is, UE has to finish all the DL PRS receiving and computation in the PRS processing window to make full use of its hardware resources. 
A Type 1 PRS processing capability is shown in the Figure 2 below, a PRS processing window is divided into a PRS buffering window and a PRS computation window. UE is only expected to receive the DL PRS in the PRS buffering window. Then, based on the buffered DL PRS, UE can compute/process the DL PRS in the PRS computation window to get ready for a location information report by the end of PRS processing window. According to this understanding, UE has to report its capability with at least one combination of {N, T} under the following interpretations,
· A PRS processing window (with duration L) is divided into a PRS buffering window (with duration L-(T-N)) and a PRS computation window (with duration T-N). The PRS computation window starts right after the end of the PRS buffering window.
· UE shall take (T-N) ms of time to process up to N ms of symbols containing PRS resources received by UE in the PRS buffering window
· UE is not expected to be configured a PRS processing window with duration smaller than T-N.
[image: ]
Figure 2 Type 1 PRS processing capability
A Type 2 PRS processing capability is shown in Figure 3 below. UE may not need to buffer all the DL PRS before starting processing the DL PRS. That is, UE can do DL PRS receiving and processing simultaneously. Therefore, UE only needs to reserve enough time to process the latest DL PRS resource used for the location information report, which is quite similar to the CSI reference resource defined for CSI report. PRS computation time (Tcompute) is understood by the following,
· A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute) .
[image: ]
Figure 3 Type 2 PRS processing capability
In summary, we propose to include the two types of PRS processing capability as two components of FG 27-3-2. Then, the feature of PRS processing window outside MG can work. 
Proposal 10: Add the following type 1 and type 2 processing capabilities as two components of FG 27-3-2  
· Type 1 PRS processing capability: UE has to report its capability with at least of the combination {R, P}, 
· A PRS processing window (with duration L) is divided into a PRS buffering window (with duration L-(T-N)) and a PRS computation window (with duration T-N). The PRS computation window starts right after the end of the PRS buffering window.
· UE shall take (T-N) ms of time to process up to N ms of symbols containing PRS resources received by UE in the PRS buffering window
· UE is not expected to be configured a PRS processing window with duration smaller than T-N.
· Type 2 PRS processing capability: UE has to report its capability of PRS computation time (Tcompute) 
· A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute).

2.4 NLOS and Multipath mitigation
	27-v4-1
	LOS/NLOS Indicator [for UE-assisted positioning]
	UE’s capability to Support reporting LoS/NLoS indicator to LMF [for RSTD and UE Rx-Tx time difference measurements to LMF for DL and DL+UL positioning]

FFS: whether to have separate capability component/FG for RSTD and UE Rx-Tx time difference measurements.
FFS: whether to have separate capability component for hard and soft indication


For FG 27-4-1 on LOS/NLOS indicator, we think this FG should be reported regardless of positioning methods as UE judges LOS/NLOS just based on channel measurement. In our view, UE can just report whether to support or not support this FG. If support, it will be up to UE to report any value from 0 to 1. 
Proposal 11：For FG 27-4-1.
· The report granularity is per UE.
· This reporting LoS/NLoS indicator to LMF is regardless of positioning methods
· The FG is just to report support of LOS/NLOS indicator

For DL-TDOA and multi-RTT, it has been agreed to support N>2 additional paths from UE to LMF for DL-TDOA and multi-RTT. Hence, we think one new FG should be introduced to report whether UE supports additional path measurement. In our view, single value N = 4 is sufficient. The prerequisite should be FG 13-1 which is basic PRS processing capability.
Proposal 12：Introduce a new FG on support of additional path measurement.
· The report granularity is per UE.
· This FG is applicable either DL-TDOA or Multi-RTT 
· UE can report up to 4 additional path measurement 
 
In additional, based on the following agreement, one more FG is needed for path RSRP including first path and additional path RSRP report for DL-TDOA or Multi-RTT. 
	Agreement:
Support reporting the path RSRP for the first path and for additional paths as part of DL-TDOA, UL-TDOA, and multi-RTT reporting enhancements.
· FFS: Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
FFS: Support of path RSRP for additional paths as part of DL-AoD.


Proposal 13：Introduce a new FG on support of path RSRP reporting 
· The report granularity is per UE.
· This FG is applicable either DL-TDOA or Multi-RTT 
· This FG is applicable for both first and additional path

2.5 On-demand PRS
	[bookmark: OLE_LINK4]27-w5-1
	Support of [UE-initiated] on-demand PRS
	UE’s capability to support UE-initiated on-demand DL PRS  [request signalling]
	[13-1]


For FG 27-5-1 on UE initiated on-demand PRS, we have the following proposal 
Proposal 14：For FG 27-5-1
· The report granularity is per UE.
· Need for location server to know if this FG is supported 

2.6 Positioning in RRC inactive state
For UL or UL+DL positioning, UE has to let gNB know whether it supports SRS transmission in RRC inactive state. Then, gNB can decide whether to configure SRS transmission or trigger UE accessing in RRC connected state for UE in RRC inactive state. As for SRS time domain type, we don’t think this FG needs to differentiate periodic and semi-persistent SRS. In our view, if UE reports this FG and supports semi-persistent SRS in RRC connected state, UE has to also support semi-persistent SRS in RRC inactive state. 
Proposal 15：Introduce a new FG on support of SRS transmission in RRC inactive state
· The report granularity is per UE.
· Need for gNB to know if FG is supported
· If UE reports this FG and supports semi-persistent SRS for positioning in RRC connected state (i.e. FG13-8b), UE has to also support semi-persistent SRS in RRC inactive state. 

For DL positioning in RRC inactive state, it has been agreed in RAN2 that RRC state is not exposed to LMF. That is, LMF will not be aware of whether UE is in RRC_INACTIVE or RRC_CONNECTED state, and gNB is not aware of NAS signaling including location request signaling or assistance data via LPP. Hence, it does not make sense to introduce an optional UE capability reported to either LMF or gNB that the UE supports NR DL positioning in RRC_INACTIVE state.
· If such UE capability is reported to LMF, what do we expect LMF do? LMF even does not know whether UE is in RRC_INACTIVE state or not, so LMF cannot implement any operation corresponding to UE’s RRC states. 
· It is also inappropriate to report such UE capability to serving gNB because gNB does not decode LPP message, and it is not aware whether location request has been initiated or not. That is, gNB cannot trigger DL-PRS measurement and report no matter UE is in RRC_INACTIVE or RRC_CONNECTED. It is meaningless for UE to report such UE capability to gNB. 
In our view, a UE can be deemed to support NR DL positioning in RRC_INACTIVE state if it supports both SDT feature and DL/DL+UL positioning method. Specifically, if UE supports SDT feature, it implies that the UE can report DL-PRS measurement results via UL-SDT transparently to gNB without any extra UE capability dedicated for positioning. In other words, the UE capabilities of DL positioning designed for UE in RRC_CONNECTED state are also applied to UE in RRC_INACTIVE sate. 
Proposal 16: Do NOT support an additional UE capability for NR DL positioning in RRC_INACTIVE

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss the UE features for Rel-17 NR positioning, the following proposals are proposed,
Proposal 1: For FG 27-1-1
· The report granularity is per band.
· The candidate values are {1, 2, 4, 8}
· Value=1 is to indicate that the timing error differences between all DL measurements are within a certain margin
· Shared for both UE-assisted DL TDOA and Multi-RTT positioning 
· The prerequisite is FG 13-1(common DL PRS Processing Capability)

Proposal 2: For FG 27-1-2
· The report granularity is per band.
· The candidate values are {1, 2, 4}
· Value=1 is to indicate that the timing error differences between all UL transmissions are within a certain margin
· Shared for both UE-assisted UL TDOA and Multi-RTT positioning 
· The prerequisite is FG 13-8 (for positioning SRS)
· This UE capability report should let gNB know
· If UE supports this capability with the value > 1, 
· It should support the serving gNB to request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB for UL TDOA
· It should support the LMF to request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF for Multi-RTT 

Proposal 3: For FG 27-1-3
· The report granularity is per band
· The candidate values are {1, 2, 4, 8, 16, 32}
· Value=1 is to indicate that the ‘Rx timing error+Tx timing error’ differences between all combinations of measurement and transmission are within a certain margin
· The prerequisite is FG 13-4(for DL PRS) and 13-8 (for positioning SRS)

Proposal 4: For FG 27-1-4
· The report granularity is per band
· The candidate values are {2, 3, 4, 6, 8}
· One new component or one new FG is needed for maximum number of different UE-RxTEGs that a UE can support to measure the same DL PRS of a TRP simultaneously,
· [bookmark: _GoBack] The candidates are {2, 4}. 

Proposal 5: For FG 27-2-1 
· The report granularity is per UE
· The prerequisite is FG 13-2
· It is only for DL-AOD, and only for first path RSRP
· Component 1: Support of PRS RSRP measurement of the first path for UE based or UE assisted positioning
· Component 2: Candidate values for first path PRS RSRP measurements per TRP for UE assisted DL-AOD positioning are {2,4,8,16,24}
· A separate FG is needed for path RSRP report on DL TDOA and Multi-RT

Proposal 6: For FG 27-2-2
· The report granularity is per UE
· The candidate values are {16, 24}
· The prerequisite is FG 13-2

Proposal 7: For FG 27-3-1
· The report granularity is per UE
· The candidate values are {1, 2, 3, 4}

Proposal 8: Introduce a new FG for support of lower Rx beam sweeping factor for FR2.  
· The report granularity is per UE
· The candidate values are {1, 2, 4}

Proposal 9: For 27-3-2 on support of DL PRS measurement outside MG
· The report granularity is per UE
· Need for gNB to know if the feature is supported.
· Clarify that: within a PRS processing window, UE measurement is inside the active DL BWP with PRS having the same numerology as the active DL BWP

Proposal 10: Add the following type 1 and type 2 processing capabilities as two components of FG 27-3-2  
· Type 1 PRS processing capability: UE has to report its capability with at least of the combination {R, P}, 
· A PRS processing window (with duration L) is divided into a PRS buffering window (with duration L-(T-N)) and a PRS computation window (with duration T-N). The PRS computation window starts right after the end of the PRS buffering window.
· UE shall take (T-N) ms of time to process up to N ms of symbols containing PRS resources received by UE in the PRS buffering window
· UE is not expected to be configured a PRS processing window with duration smaller than T-N.
· Type 2 PRS processing capability: UE has to report its capability of PRS computation time (Tcompute) 
· A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute).

Proposal 11：For FG 27-4-1.
· The report granularity is per UE.
· This reporting LoS/NLoS indicator to LMF is regardless of positioning methods
· The FG is just to report support of LOS/NLOS indicator

Proposal 12：Introduce a new FG on support of additional path measurement.
· The report granularity is per UE.
· This FG is applicable either DL-TDOA or Multi-RTT 
· UE can report up to 4 additional path measurement 

Proposal 13：Introduce a new FG on support of path RSRP reporting 
· The report granularity is per UE.
· This FG is applicable either DL-TDOA or Multi-RTT 
· This FG is applicable for both first and additional path

Proposal 14：For FG 27-5-1
· The report granularity is per UE.
· Need for location server to know if this FG is supported

Proposal 15：Introduce a new FG on support of SRS transmission in RRC inactive state
· The report granularity is per UE.
· Need for gNB to know if FG is supported
· If UE reports this FG and supports semi-persistent SRS for positioning in RRC connected state (i.e. FG13-8b), UE has to also support semi-persistent SRS in RRC inactive state. 

Proposal 16: Do NOT support an additional UE capability for NR DL positioning in RRC_INACTIVE
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	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 (Sidelink 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 differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	 27. NR_pos_enh
	27-1-1
	Maximum number of UE-RxTEGs
	The maximum number of UE-RxTEG, which is supported and reported by UE for DL TDOA and/or Multi-RTT positioning

Value=1 indicates that the timing error differences between all DL measurements are within a certain margin 
	13-1
	No
	
	Mitigation of UE Rx timing delays is not supported
	per band
	n/a
	n/a
	n/a
	The candidate values are {1,2,4,8}

Need for location server to know if the feature is supported.
	Optional with capability signaling

	 27. NR_pos_enh
	27-1-2
	Maximum number of UE-TxTEGs 
	The maximum number of UE-TxTEG which is supported and reported by UE for UL TDOA and/or Multi-RTT positioning

Value=1 indicate that the timing error differences between all UL transmissions are within a certain margin

If UE supports this capability with the values > 1, 
· It should support the serving gNB to request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB for UL TDOA if UL TDOA is supported by UE, 
· It should support the LMF to request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF for Multi-RTT if Multi-RTT is supported by UE
	13-8
	Yes
	
	Mitigation of UE Tx timing delays is not supported
	per band 
	n/a
	n/a
	n/a
	The candidate values are {1, 2, 4}

Need for location server to know if the feature is supported
	Optional with capability signaling

	 27. NR_pos_enh
	27-1-3
	Maximum number of UE-RxTxTEGs for Multi-RTT
	The maximum number of UE-RxTxTEG, which is supported and reported by UE for Multi-RTT positioning
Value=1 is to indicate that the ‘Rx timing error+Tx timing error’ differences between all combinations of measurement and transmission are within a certain margin
	13-4, 13-8
	No
	
	Mitigation of UE RxTx timing delays is not supported
	 per band
	n/a
	n/a
	n/a
	The candidate values are {1, 2, 4, 8, 16, 32, 64}

Need for location server to know if the feature is supported.
	Optional with capability signaling

	27. NR_pos_enh
	27-1-4
	The maximum Number of  UE Rx TEGs for measuring the same DL PRS resource
	Component 1: the maximum number of different UE-RxTEGs that a UE can support to measure the same DL PRS of a TRP.

Component 2: the maximum Number of  UE Rx TEGs for measuring the same DL PRS resource simultaneously
	27-1
	No
	
	Mitigation of UE Rx timing delays by using different Rx TEGs are not supported
	per band
	n/a
	n/a
	n/a
	For component 1: the candidate values are {1, 2, 4, 8}

For component 2: the candidate values are {1, 2}


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

	Optional with capability signaling

	27. NR_pos_enh
	27-2-1
	DL PRS RSRP of the first path for DL-AoD
	Component 1: Support PRS RSRP of the first path for DL-AoD positioning method

Component 2: Candidate values for first path PRS RSRP measurements per TRP for UE assisted DL-DOA positioning are {2,4,8,16,24}
	13-2 
	No
	
	
	Per  UE
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	27. NR_pos_enh
	27-2-2
	DL PRS RSRP reporting for more than 8 measurements for UE-assisted DL-AoD positioning
	Support reporting K> 8 DL PRS RSRP measurements per TRP.
	13-2
	No
	
	UE report of more than 8 DL PRS-RSRP is not supported. 
	Per  UE 
	n/a
	Yes
	n/a
	The candidate values are {16, 24}

Need for location server to know if the feature is supported.
	Optional with capability signaling

	27. NR_pos_enh
	27-3-1
	M-sample measurements 
	The capability to support reporting a measurement based on measuring M samples (instances) of a DL PRS resource set
	13-1
	No
	
	
	Per UE
	n/a
	n/a
	n/a
	[The candidate values are {1, 2, 3, 4}

Need for location server to know if the feature is supported.
	Optional with capability signaling

	27. NR_pos_enh
	27-3-2
	DL PRS measurement outside MG and in a PRS processing priority window
	
Component 1. Supported PRS processing types subject to the UE determining that DL PRS to be higher priority for PRS measurement outside MG and in a PRS processing priority window.

Component 2: Candidate values: {Type 1A, Type 1B, Type 2}

Note:
· Type 1A refers to DL PRS being prioritized over other DL signals/channels in all OFDM symbols within the PRS processing priority window. The DL signals/channels from all DL CCs (per UE) are affected.
· Type 1B refers to DL PRS being prioritized over other DL signals/channels in all OFDM symbols within the PRS processing priority window. The DL signals/channels from certain DL CCs are affected.
· Type 2 refers to DL PRS being prioritized over other DL signals/channels only in DL PRS symbols within the PRS processing priority window.

Component 3: 
· Support Type 1 PRS processing capability: UE has to report its capability with at least of the combination {N, T}, 
· A PRS processing window (with duration L) is divided into a PRS buffering window (with duration L-(T-N)) and a PRS computation window (with duration T-N). The PRS computation window starts right after the end of the PRS buffering window.
· UE shall take (T-N) ms of time to process up to N ms of symbols containing PRS resources received by UE in the PRS buffering window
· UE is not expected to be configured a PRS processing window with duration smaller than T-N.
· Support Type 2 PRS processing capability: UE has to report its capability of PRS computation time (Tcompute) 
· A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute).
Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
Note: Within a PRS processing window, UE measurement is inside the active DL BWP with PRS having the same numerology as the active DL BWP.
	13-1
	Yes
	
	
	Per UE
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.


	Optional with capability signaling

	27. NR_pos_enh
	27-4-1
	LOS/NLOS Indicator for UE-assisted positioning
	Support reporting LoS/NLoS indicator to LMF

	
	No
	
	
	Per UE 
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	27. NR_pos_enh
	27-5-1
	UE-initiated on-demand PRS
	UE’s capability to support UE-initiated on-demand DL PRS
	13-1
	No
	
	
	Per UE
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.
	Optional with capability signaling
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