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Introduction
In this contribution, we provide our initial views on UE features for NR positioning based on preliminary input provided in [R1-2108679].
Views on UE Features for NR Positioning Enhancement
NR Positioning in RRC_INACTIVE State
In Rel.17, the support for NR positioning for RRC_INACTIVE UEs has been added. The corresponding FGs need to be added to UE feature list.

Consideration on FGs for DL PRS and SRS for positioning resources
In Rel.16, the FGs for DL PRS resources, SRS for positioning resources for various NR positioning techniques were defined. We assume that the same FGs are applicable for R17 UEs supporting NR positioning enhancements including RRC-INACTIVE UEs.

Measurement reports by RRC_INACTIVE UEs
In Rel.16 the UE feature groups have been defined for measurement reports for each positioning technique. The same principle can be applied for RRC_INACTIVE UEs. 


Add the following FGs for NR positioning measurement reports by UEs in RRC_INACTIVE state:
Support of DL PRS Measurement Report for DL-AoD in RRC_INACTIVE state
Support of DL PRS Measurement Report for DL-TDoA in RRC_INACTIVE state
Support of UE Rx-Tx Measurement Report for Multi-RTT in RRC_INACTIVE state
Support of SS-RSRP RRM measurements for NR E-CID Positioning in RRC_INACTIVE state
Support of SS-RSRQ RRM measurements for NR E-CID Positioning in RRC_INACTIVE state
Support of CSI-RSRP RRM measurements for NR E-CID Positioning in RRC_INACTIVE state
Support of CSI-RSRQ RRM measurements for NR E-CID Positioning in RRC_INACTIVE state
Support of simultaneous DL-AoD and DL-TDoA processing in RRC_INACTIVE state
Support of simultaneous DL-AoD and Multi-RTT processing in RRC_INACTIVE state

The potential alternative way for Rel.17 UEs could be to extend relevant Rel.16 FGs for support by RRC_INACTIVE UEs.

SRS for positioning transmission by RRC_INACTIVE UEs
RAN1 has agreed on SRS for positioning transmission by RRC_INACTIVE UEs. The discussion on type of SRS for positioning to be supported (except periodic SRS for positioning) is still open. The support of OLPC and spatial relationship was agreed to be reused from Rel.16. The support of SRS for positioning by RRC_INACTIVE UEs should be reflected in UE features.


Add the following FGs for SRS for positioning transmission by UEs in RRC_INACTIVE state, i.e.:
Support of periodic SRS for positioning resources by UE in RRC_INACTIVE UEs
[Support of semi-persistent SRS for positioning resources by UE in RRC_INACTIVE UEs]
[Support of aperiodic SRS for positioning resources by UE in RRC_INACTIVE UEs]
OLPC for SRS for positioning based on DL PRS from serving cell
OLPC for SRS for positioning based on DL PRS from neighboring cells
OLPC for SRS for positioning based on SSB from serving cells
Pathloss maintenance
Spatial relation for SRS for positioning based on SSB from serving cell
Spatial relation for SRS for positioning based on CSI-RS from serving cell
Spatial relation for SRS for positioning based on DL PRS from serving cell
Spatial relation for SRS for positioning based on SSB from non-serving cells
Spatial relation for SRS for positioning based on DL PRS from non-serving cells
Spatial relation maintenance

The potential alternative way for Rel.17 UEs that could be discussed is to extend relevant Rel.16 FGs for support by RRC_INACTIVE UEs.

Proposed NR Positioning in RRC_INACTIVE State
In addition, we have the following proposals and corrections to the table with a preliminary input:


Add FG for support of DL PRS measurement with low-latency MG mechanism
27-y [Support of DL PRS measurements with low-latency measurement gap allocation mechanism]
Update the table based on corrections provided in Table 1
Remove details for UE DL PRS processing outside measurement gaps as those were not agreed

[bookmark: _Ref84003842]Table 1: Proposed corrections to preliminary input on UE features for NR positioning enhancements
	7-x1
	Mitigation of UE Rx timing delayserrors
	The maximum number of UE-RxTEG per UE, which is supported and reported by UE for DL TDOA and Multi-RTT positioning
Values: up to [8]

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

	27-x2
	Mitigation of UE Tx timing delayserrors
	The maximum number of UE-TxTEG per UE, which is supported and reported by UE for UL TDOA and/or Multi-RTT positioning
Values: up to [8]
FFS; the values (>1).
FFS: whether to have a value=1 to indicate UE Tx timing errors is well calibrated
FF: whether a UE supports different values for UL TDOA and/or Multi-RTT positioning


	27-x3
	Mitigation of UE RxTx timing delayserrors
	The maximum number of UE-RxTxTEG per UE, which is supported and reported by UE for Multi-RTT positioning
Values: up to [8]
FFS; the values (>1)
FFS: whether to have a value=1 to indicate UE RxTx timing errors is well calibrated


	27-x4
	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.
Values: up to [8]
FFS; The values (>1).


	27-z1
	Support of DL PRS RSRP of the first path
	UE’s capability to support providing the PRS RSRP of the first path
Note: Applicable for DL-TDOA and Multi-RTT 

	27-z2
	Support of DL PRS RSRP reporting for more than 8 measurements.
	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: Limit the maximum number of DL PRS RSRP associated with the same Rx beam index

	27-y
	Support of DL PRS measurements with low-latency measurement gap allocation mechanism
	

	27-u1
	Support of M-sample measurements.
	The capability to support providing a measurement based on measuring M samples (instances) of a DL PRS resource set

M = [1, 4]. FFS: other values. If the UE does not provide the capability, the UE is assume to supports M = 4 only.

	27-u5
	DL PRS measurement outside MG
	
[1. Supported PRS processing types subject to the UE determining that DL PRS to be higher priority for PRS measurement outside MG.

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 2B 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 2C refers to DL PRS being prioritized over other DL signals/channels only in DL PRS symbols within the PRS processing priority window.
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.  ] 

	27-u6
	DL PRS Processing Capability outside MG
	1. DL PRS buffering capability: Type 1 or Type 2
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

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)	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

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

	27-v1
	LOS/NLOS Indicator
	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.
Values: [0:0.1:1]
FFS: whether to have separate capability component for RSTD and UE Rx-Tx time difference measurements.


	27-w1
	Support of on-demand PRS
	UE’s capability to support UE-initiated on-demand DL PRS request signalling




Conclusions
In this contribution, we have provided our initial views on UE features for the Rel.17 WI on NR positioning enhancements. In summary, we have following proposals:

Proposal 1: 
Add the following FGs for NR positioning measurement reports by UEs in RRC_INACTIVE state:
Support of DL PRS Measurement Report for DL-AoD in RRC_INACTIVE state
Support of DL PRS Measurement Report for DL-TDoA in RRC_INACTIVE state
Support of UE Rx-Tx Measurement Report for Multi-RTT in RRC_INACTIVE state
Support of SS-RSRP RRM measurements for NR E-CID Positioning in RRC_INACTIVE state
Support of SS-RSRQ RRM measurements for NR E-CID Positioning in RRC_INACTIVE state
Support of CSI-RSRP RRM measurements for NR E-CID Positioning in RRC_INACTIVE state
Support of CSI-RSRQ RRM measurements for NR E-CID Positioning in RRC_INACTIVE state
Support of simultaneous DL-AoD and DL-TDoA processing in RRC_INACTIVE state
Support of simultaneous DL-AoD and Multi-RTT processing in RRC_INACTIVE state

Proposal 2: 
Add the following FGs for SRS for positioning transmission by UEs in RRC_INACTIVE state, i.e.:
Support of periodic SRS for positioning resources by UE in RRC_INACTIVE UEs
[Support of semi-persistent SRS for positioning resources by UE in RRC_INACTIVE UEs]
[Support of aperiodic SRS for positioning resources by UE in RRC_INACTIVE UEs]
OLPC for SRS for positioning based on DL PRS from serving cell
OLPC for SRS for positioning based on DL PRS from neighboring cells
OLPC for SRS for positioning based on SSB from serving cells
Pathloss maintenance
Spatial relation for SRS for positioning based on SSB from serving cell
Spatial relation for SRS for positioning based on CSI-RS from serving cell
Spatial relation for SRS for positioning based on DL PRS from serving cell
Spatial relation for SRS for positioning based on SSB from non-serving cells
Spatial relation for SRS for positioning based on DL PRS from non-serving cells
Spatial relation maintenance

Proposal 3: 
Add FG for support of DL PRS measurement with low-latency MG mechanism
27-y [Support of DL PRS measurements with low-latency measurement gap allocation mechanism]
Update the table based on corrections provided in Table 1
Remove details for UE DL PRS processing outside measurement gaps as those were not agreed
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27. Preliminary input on UE features for NR positioning enhancements from [R1-2108679]
	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-x1
	Mitigation of UE Rx timing delays
	The maximum number of UE-RxTEG per UE, which is supported and reported by UE for DL TDOA

FFS: the values (>1). 
FFS: whether to have a value=1 to indicate UE Rx timing errors is well calibrated
FFF: whether to have separate values for DL TDOA and/or Multi-RTT positioning
	
	No
	
	Mitigation of UE Rx timing delays is not supported
	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-x2
	Mitigation of UE Tx timing delays
	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
FF: whether a UE supports different values for UL TDOA and/or Multi-RTT positioning

	
	FFS
	
	Mitigation of UE Tx timing delays is not supported
	FFS: Per  UE or per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.
FFS: whether gNB needs to know if the feature is supported.
	Optional with capability signaling

	 27. NR_pos_enh
	27-x3
	Mitigation of UE RxTx timing delays
	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

	
	No
	
	Mitigation of UE RxTx timing delays is not supported
	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-x4
	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
	No
	
	Mitigation of UE Rx timing delays by using different Rx TEGs are not supported
	Per UE
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.
	

	27. NR_pos_enh
	27-z1
	Support of PRS RSRP of the first path
	UE’s capability to support providing the PRS RSRP of the first path

	
	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-z2
	Support of DL PRS RSRP reporting for more than 8 measurements.
	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: Limit the maximum number of DL PRS RSRP associated with the same Rx beam index
	
	No
	
	UE report of more than 8 DL PRS-RSRP is not supported. 
	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-u1
	Support of M-sample measurements.
	The capability to support providing a measurement based on measuring M samples (instances) of a DL PRS resurce set

M=[1, 4]. FFS: other values. If the UE does not provide the capability, the UE is assume to support M=4 only.
	
	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-u5
	PRS measurement outside MG
	
1. Supported PRS processing types subject to the UE determining that DL PRS to be higher priority for PRS measurement outside MG.

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 2B 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 2C refers to DL PRS being prioritized over other DL signals/channels only in DL PRS symbols within the PRS processing priority window.
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.  
	
	No
	
	
	FFS: Per UE or 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-u6
	PRS Processing Capability outside MG
	1. DL PRS buffering capability: Type 1 or Type 2
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

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)	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

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
	27-u5
	No
	
	
	Per band
	n/a
	
	
	FFS
	

	27. NR_pos_enh
	27-v1
	LOS/NLOS Indicator
	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 for RSTD and UE Rx-Tx time difference measurements.

	
	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-w1
	Support of on-demand PRS
	UE’s capability to support UE-initiated on-demand PRS.

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




