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1. Introduction
In this contribution, we provide our views on UE features for Rel-17 NR positioning enhancements [1].
UE feature for enhancements to mitigate Rx/Tx timing Delays
In Rel-17, in order to mitigate the Tx and Rx timing errors, a new concept of TEG (timing error group) is introduced. Based on TEGs, several enhanced solutions are introduced for DL TDOA, UL TDOA and multi-RTT positioning methods. In the current version of UE feature list, the related FGs are relatively stable. We have some suggestion for minor corrections.
[bookmark: _Hlk95683572]Proposal 1: Adopt the following updates (RED part) for UE FG 27-1-1, 27-1-2, 27-1-2a, 27-1-3. 
	27-1-1
	UE-RxTEGs for UE-assisted DL TDOA and/or Multi-RTT positioning
	1. Support of UE-RxTEGs for UE-assisted DL TDOA and/or Multi-RTT positioning
2. The maximum number of UE-RxTEG, which is supported and reported by UE for UE assisted DL TDOA and/or Multi-RTT positioning
	UE-RxTEG reporting is not supported and no assumption can be made on the UE Rx timing errors for the measurements
	Component 1 candidate values: [One or more of] {UE-assisted DL TDOA, Multi-RTT positioning, UE-assisted DL TDOA and Multi-RTT positioning}

Component 2 candidate values: {1, 2, 3, 4, 6, 8}

Note: a single value is reported when both multi-RTT and DL-TDOA are supported

Need for location server to know if the feature is supported

If the UE does not include RxTEG-ID  associated with a measurement, no assumption can be made on the UE Rx timing errors for this measurement

Note: The “per band” reporting on this capability does not imply, that the RxTEG IDs in the measurement report are grouped per band; In the measurement report, the RxTEG ID can span from 0, up to 31

	27-1-2
	Support of UE-TxTEGs for UL TDOA 
	The maximum number of UE-TxTEG for SRS resource for positioning, which is supported and reported by UE for UL TDOA 
	UE-TxTEGs for UL TDOA is not supported and no assumption can be made on the [mitigation of] UE Tx timing error for the SRS resource for positioning
	The candidate values are {1,2,3,4,6,8}

Need for location server to know if the feature is supported

Note: 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 

Note: If the UE does not include TxTEG-ID  associated with a SRS resource for positioning, no assumption can be made on the UE Tx timing error for this SRS resource for positioning. 

	27-1-2a
	Support of UE-TxTEGs for Multi-RTT positioning
	The maximum number of UE-TxTEG, which is supported and reported by UE for Multi-RTT positioning

	UE-TxTEGs for Multi-RTT positioning is not supported and no assumption can be made on the [mitigation of] UE Tx timing error for the SRS resource for positioning
	The candidate values are {1,2,3,4,6,8}

Need for location server to know if the feature is supported

If the UE does not include TxTEG-ID  associated with a measurement, no assumption can be made on the [mitigation of] UE Tx timing errors for this SRS resource for positioning

Note: 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

	27-1-3
	Support of UE-RxTxTEGs for Multi-RTT
	The maximum number of UE-RxTxTEG, which is supported and reported by UE for Multi-RTT positioning

	UE RxTx for Multi-RTT is not supported and no assumption can be made on the UE RxTx timing [error/delays] for the measurement
	The candidate values are {1, 2, 4, 6, 8, 12, 16, 24, 32, 36, 48, 64}

Need for location server to know if the feature is supported

If the UE does not include RxTxTEG-ID  associated with a measurement, no assumption can be made on the UE RxTx timing [error/delays] for this measurement

Note: The “per band” reporting on this capability does not imply, that the RxTxTEG IDs in the measurement report are grouped per band; In the measurement report, the RxTxTEG ID can span from 0, up to 255



Regarding the report of multiple measurement instances in a measurement report, there is still one remaining part for the corresponding UE feature groups: whether the maximum number of measurement instance is needed to be reported or not?   In our understanding, how many measurement instances in a measurement report are mainly depending on the LMF configuration. Thus, we don’t think the related component is needed.
[bookmark: _Hlk95683581]Proposal 2: Adopt the following updates (RED part)  for UE FG 27-7. 
	27-7
	Multiple measurement instances which can be included in a single measurement report
	Support of mutiple multiple measurement instances which can be included in a single measurement report

FFS: 2. Maximum number of measurement instances which can be included in a single measurement report
	FFS: Component 2 candidate values
	Optional with capability signaling







UE feature for DL-AoD enhancement
We have the following updated FG 27-2-1 for DL-AoD method:
	27-2-1
	[UE-assisted] DL PRS RSRP measurement report of the first path for UE-assisted DL-AoD
	1.) Support of [measuring and reporting the] PRS RSRPP of the first path for DL-AoD positioning method
2.) The maximum number of first path PRS RSRPP per TRP
	[13-2 or 13-3, 13-4, 13-5, 13-8] or 27-2-2
	No
	
	
	FFS: Per UE or per band


One FFS point is whether 27-2-2 shall be the prerequisite for 27-2-1. In our view, it should not be because FG 27-2-2 is for the feature of supporting more DL PRS RSRP measurement reporting. For the granularity, we propose to use per band.
[bookmark: _Hlk95683589]Proposal 3: On FG 27-2-1:
· The 13-5 is prerequisite. 27-2-2 is not.
· It is per band
One new FG 27-20 was introduced for the function of associated subset of PRS resources:
	27-20
	PRS subset association for UE assisted DL-AoD
	1. Support of assistance data enhancement to indicate a subset of PRS resources for each PRS resource for the purpose of prioritization of DL-AoD reporting.
[2. Supported resource set relationship for the target PRS resource and the associated subset: {sameSet, DifferentSet, sameOrDifferentSet}]
[3. Support associated subset measurement reporting]


In our view, the component 3 is not needed. As in previous RAN1 agreement, the UE may report the RSRP measurement of PRS resources in the associated subset if the UE reports the RSRP measurement of the target PRS resource. But when the UE does not report the RSRP measurement of the target PRS resource, the UE still can report the RSRP measurement of PRS resources in the subset, which is a normal DL AoD measurement reporting. Thus such case shall not be included in this FG.
[bookmark: _Hlk95683593]Proposal 4: Do not include component 3 in FG 27-20.
UE feature for latency reduction
For M-sample PRS measurement, we have the latest FG 27-3-1:
	27-3-1
	M-sample measurements [of DL PRS measurement on single DL PRS period/occasion]
	[The capability to support reporting a measurement based on measuring M=1 samples (instances) of a DL PRS resource set]
	[13-1, 13-4, 13-8]
	No
	
	
	FFS: Per UE or per band


One FFS part for 27-3-1 is other candidate values. During the RAN1 discussion, only M =1 was agreed as in the following agreement. The other possible values are 2 or 3. There is no clear use case for them. Therefore, we suggest not to add other candidate values.
	Agreement:
For the PRS processing sample number M, at least M = 1 is supported.


[bookmark: _Hlk95683604]Proposal 5: On FG 27-3-1, the candidate value only has 1, no other values.
For PRS processing outside MG, we have updated FGs 27-3-2, 27-3-2a and 27-3-3. One FFS point in FG 27-3-2a is the granularity. In our view, it shall be per band since the PDSCH transmission feature is configured per band and FG 27-3-2a is about the priority of PRS w.r.t other DL transmission. Considering different band might have different PDSCH transmission features, this FG shall be per band.
[bookmark: _Hlk95683616]Proposal 6: FG 27-3-2a is per band.
The updated FG 27-3-3 is as follows:
	27-3-3
	DL PRS Processing Capability outside MG – buffering capability
	1. DL PRS buffering capability: Type 1 or Type 2
a)	Type 1 – sub-slot/symbol level buffering T: [{8, 16, 20, 30, 40, 80, 160, 320, 640, 1280}] ms
b)	Type 2 – slot level buffering

[2. Maximum duration of DL PRS symbols N in units of ms a UE can process in the first part of a PRS processing window every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE such that the UE is capable of reporting the measurements T-N ms after the last PRS symbol, where
a)	T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms  Type 1 – sub-slot/symbol level buffering
b)	N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms
a)	N: {0.125, 0.25, 0.5, 1, 2, 3, 4, 5, 6, 8, 12} ms
b)	T: {N+4, N+5, N+6, N+8} ms]

3. 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


The formulation of component 2 with “in the first part of PRS processing window…” is not aligned with previous RAN1 discussion and agreement. The feature of PRS processing window is to support processing PRS resource outside MG with a given processing priority. Defining “in the first part” would change the UE behavior and also specification, which is not preferred. Therefore, it is suggested to formulate component 2 as follows:
	2. 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


[bookmark: _Hlk86955361]Proposal 7: In FG 27-3-3, the component 2 shall be:
	2. 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


UE feature for multipath/NLOS mitigation
Regarding the FG 27-12 on LOS/NLOS indicator for UE-based positioning:
	27-12
	LOS/NLOS indicator for UE-based positioning assistance data
	Support reception of the assistance data containing the LOS/NLOS indicator.

1. LOS/NLOS indicator type: {softValue, hardValue, both}
2. LOS/NLOS indicator granularity {resourceSpecific, trpSpecific, both}


There is no need for support ‘both’ as candidate value for component 1 of LOS/NLOS indicator type. Similarly, there is no need to include ‘both’ as candidate value for component 2 of LOS/NLOS indicator granularity. If a UE can support resourceSpecific, it does not make sense for the LMF to provide trpSpecific configuration.
[bookmark: _Hlk95683637]Proposal 8: For FG 27-12: do not include ‘both’ as candidate value for component 1 and do not include ‘both’ in candidate value for component 2.
On reporting LOS/NLOS indicator, we have the updated FG 27-4-1:
	27-4-1
	LOS/NLOS Indicator for UE-assisted positioning
	1. Support reporting LoS/NLoS indicator type to LMF [for RSTD and UE Rx-Tx time difference measurements to LMF for DL and DL+UL positioning]

2. LOS/NLOS indicator granularity

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


There is no use case to include ‘both’ as candidate value for LOS/NLOS indicator type. ‘both’ would mean the UE supports both softvalue and hardvalue, which is not practical. If a UE is capable of supporting softvalue, it is not technically feasible for him to report supporting hardvalue. Furthermore, if a UE reporting support ‘both’, indicating a value of 0 or 1 would cause ambiguity. The UE would not know if the indicated value 0 or 1 is from a softvalue or hardvalue set. Regarding the LOS/NLOS indicator granularity, we also propose not to include the candidate value “both”. 
[bookmark: _Hlk92649739]Proposal 9: For FG 27-4-1: do not include ‘both’ in candidate values of LOS/NLOS indicator type
UE feature for positioning in RRC_INACTIVE state
According to RAN2 design, LMF is not aware of the given UE’s RRC state. In RAN3#114bis-e meeting, there was proposal to support suggested RRC state from LMF to gNB as below [2]:
	· Option A, include Deferred Positioning Periodicity in the non-UE associated message e.g. ASSISTANCE INFORMATION CONTROL message ([2] and [4])
· Option B, include Deferred Positioning Periodicity in the UE associated message e.g. POSITIONING INFORMATION REQUEST message ([3] and [6])
· Option C, include End Indication in the POSITIONING INFORMATION REQUEST message and POSITIONING ACTIVATION REQUEST messages ([3])
· Option D, include Suggested RRC State in the POSITIONING INFORMATION REQUEST message messages ([4])



However, it was not agreed in RAN3. As a result, a separate PRS capability for RRC_INACTIVE is useless. Similarly, it is not useful for LMF to know whether some other FGs are supported or not. 
[bookmark: _Hlk95683649]Proposal 10: Remove UE FG 27-6, 27-18a, 27-18b, 27-18c.
Proposal 11: Support UE FG 27-16 and 27-19 with the following modifications (RED part)
	27. NR_pos_enh
	27-16
	OLPC for positioning SRS in RRC_INACTIVE state
	Same as
LPP
OLPC-SRS-Pos-r16

RRC
OLPC-SRS-Pos-r16
	
	Yes
	
	
	Per band
	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
	27-19
	Spatial relation for positioning SRS in RRC_INACTIVE state
	Same as

LPP
SpatialRelationsSRS-Pos-r16

RRC
SpatialRelationsSRS-Pos-r16
	
	Yes
	
	
	Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.
	Optional with capability signalling



In RAN1#106bis-e meeting, it is agreed that for RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP. This agreement should not mandate all UE to support this feature. Accordingly, we prefer to have separate UE features for SRS transmission within initial BWP and out of initial BWP. Thus, we have the following proposal:
[bookmark: _Hlk86955412]Proposal 12: In additional to UE feature 27-15 and 27-15a, introduce additional UE feature(s) to indicate the support of SRS transmission outside of initial BWP. 

2. Conclusion
In this contribution, we presented our views on UE features for Rel-17 NR positioning enhancement. Based on the discussion, the following proposals are provided:
Proposal 1: Adopt the following updates (RED part) for UE FG 27-1-1, 27-1-2, 27-1-2a, 27-1-3. 
	27-1-1
	UE-RxTEGs for UE-assisted DL TDOA and/or Multi-RTT positioning
	1. Support of UE-RxTEGs for UE-assisted DL TDOA and/or Multi-RTT positioning
2. The maximum number of UE-RxTEG, which is supported and reported by UE for UE assisted DL TDOA and/or Multi-RTT positioning
	UE-RxTEG reporting is not supported and no assumption can be made on the UE Rx timing errors for the measurements
	Component 1 candidate values: [One or more of] {UE-assisted DL TDOA, Multi-RTT positioning, UE-assisted DL TDOA and Multi-RTT positioning}

Component 2 candidate values: {1, 2, 3, 4, 6, 8}

Note: a single value is reported when both multi-RTT and DL-TDOA are supported

Need for location server to know if the feature is supported

If the UE does not include RxTEG-ID  associated with a measurement, no assumption can be made on the UE Rx timing errors for this measurement

Note: The “per band” reporting on this capability does not imply, that the RxTEG IDs in the measurement report are grouped per band; In the measurement report, the RxTEG ID can span from 0, up to 31

	27-1-2
	Support of UE-TxTEGs for UL TDOA 
	The maximum number of UE-TxTEG for SRS resource for positioning, which is supported and reported by UE for UL TDOA 
	UE-TxTEGs for UL TDOA is not supported and no assumption can be made on the [mitigation of] UE Tx timing error for the SRS resource for positioning
	The candidate values are {1,2,3,4,6,8}

Need for location server to know if the feature is supported

Note: 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 

Note: If the UE does not include TxTEG-ID  associated with a SRS resource for positioning, no assumption can be made on the UE Tx timing error for this SRS resource for positioning. 

	27-1-2a
	Support of UE-TxTEGs for Multi-RTT positioning
	The maximum number of UE-TxTEG, which is supported and reported by UE for Multi-RTT positioning

	UE-TxTEGs for Multi-RTT positioning is not supported and no assumption can be made on the [mitigation of] UE Tx timing error for the SRS resource for positioning
	The candidate values are {1,2,3,4,6,8}

Need for location server to know if the feature is supported

If the UE does not include TxTEG-ID  associated with a measurement, no assumption can be made on the [mitigation of] UE Tx timing errors for this SRS resource for positioning

Note: 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

	27-1-3
	Support of UE-RxTxTEGs for Multi-RTT
	The maximum number of UE-RxTxTEG, which is supported and reported by UE for Multi-RTT positioning

	UE RxTx for Multi-RTT is not supported and no assumption can be made on the UE RxTx timing [error/delays] for the measurement
	The candidate values are {1, 2, 4, 6, 8, 12, 16, 24, 32, 36, 48, 64}

Need for location server to know if the feature is supported

If the UE does not include RxTxTEG-ID  associated with a measurement, no assumption can be made on the UE RxTx timing [error/delays] for this measurement

Note: The “per band” reporting on this capability does not imply, that the RxTxTEG IDs in the measurement report are grouped per band; In the measurement report, the RxTxTEG ID can span from 0, up to 255



Proposal 2: Adopt the following updates (RED part)  for UE FG 27-7. 
	27-7
	Multiple measurement instances which can be included in a single measurement report
	Support of mutiple multiple measurement instances which can be included in a single measurement report

FFS: 2. Maximum number of measurement instances which can be included in a single measurement report
	FFS: Component 2 candidate values
	Optional with capability signaling





Proposal 3: On FG 27-2-1:
· The 13-5 is prerequisite. 27-2-2 is not.
· It is per band
Proposal 4: Do not include component 3 in FG 27-20.
Proposal 5: On FG 27-3-1, the candidate value only has 1, no other values.
Proposal 6: FG 27-3-2a is per band.
Proposal 7: In FG 27-3-3, the component 2 shall be:
	2. 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


Proposal 8: For FG 27-12: do not include ‘both’ as candidate value for component 1 and do not include ‘both’ in candidate value for component 2.
Proposal 9: For FG 27-4-1: do not include ‘both’ in candidate values of LOS/NLOS indicator type
Proposal 10: Remove UE FG 27-6, 27-18a, 27-18b, 27-18c.
Proposal 11: Support UE FG 27-16 and 27-19 with the following modifications (RED part)
	27. NR_pos_enh
	27-16
	OLPC for positioning SRS in RRC_INACTIVE state
	Same as
LPP
OLPC-SRS-Pos-r16

RRC
OLPC-SRS-Pos-r16
	
	Yes
	
	
	Per band
	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
	27-19
	Spatial relation for positioning SRS in RRC_INACTIVE state
	Same as

LPP
SpatialRelationsSRS-Pos-r16

RRC
SpatialRelationsSRS-Pos-r16
	
	Yes
	
	
	Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.
	Optional with capability signalling


Proposal 12: In additional to UE feature 27-15 and 27-15a, introduce additional UE feature(s) to indicate the support of SRS transmission outside of initial BWP. 
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