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Introduction
Work item on NR Positioning support was approved in [1]. In this contribution, we provide our initial views on UE capabilities for NR positioning to trigger discussion and collect feedback. The draft UE feature list for NR Positioning is provided in Annex A of this document for further discussion. It is proposed to use it as a starting point for further discussion in RAN1 WG on UE capabilities for NR Positioning WI. Our views on remaining NR Positioning opens are provided in our companion contributions [2]-[5].
UE Capabilities
In our view support of the following main features were defined by NR positioning work item:
NR DL Positioning
NR UL Positioning
NR DL+UL Positioning
NR RAT Independent Positioning
Therefore we believe that above features can be proposed to be agreed with the following possible exception. Whether to introduce NR RAT-Independent positioning feature and corresponding feature groups is out of RAN1 WG scope and therefore can be discussed by RAN2 WG.


Define at least the following features for NR Positioning
NR RAT Dependent DL Positioning
NR RAT Dependent UL Positioning
NR RAT Dependent DL+UL Positioning

NR DL Positioning
In order to facilitate support of NR DL Positioning, the following additional feature groups can be defined under NR DL Positioning feature:
DL PRS RSRP Measurement and Reporting
DL PRS RSTD Measurement and Reporting
DL SSB(for RRM) and CSI-RS (for RRM) Measurement and Reporting
UE Based Positioning
Therefore we propose to introduce at least the following feature groups under NR DL Positioning feature:


Define at least the following feature groups for NR DL Positioning
DL PRS RSRP Measurement and Reporting
DL PRS RSTD Measurement and Reporting
DL SSB(for RRM) and CSI-RS (for RRM) Measurement and Reporting
UE Based Positioning

DL PRS RSRP Measurement and Reporting
If feature group “DL PRS RSRP Measurement and Reporting” is agreed RAN1 may need to further discuss the following additional components and signaling details that are subject to ongoing discussion on higher layer parameters for NR Positioning and their specific settings:
Max # of DL PRS frequency layers (Measurement Objects) supported by UE for DL PRS RSRP [configuration / measurements]
Max # of DL PRS resource sets [per CC or in total] supported by UE for DL PRS RSRP [configuration / measurements]
Max # of DL PRS resources [per CC or in total] supported by UE for DL PRS RSRP [configuration / measurements]
· - FFS if separate indication is needed for [configuration / measurements]
Max # of Measurement Reports for DL PRS RSRP [per frequency layer or in total] supported by UE
· - FFS if separate indication is needed for periodic/on-demand (e.g. periodic / aperiodic / semi-persistent)
Max DL PRS BW supported by UE for DL PRS RSRP measurement and reporting
Support of inter-frequency DL PRS RSRP measurement and reporting
Support of DL PRS RSRP measurement quality metric

DL PRS RSTD Measurement and Reporting
If feature group “DL PRS RSTD Measurement and Reporting” is agreed RAN1 may need to further discuss the following additional components and signaling details that are subject to ongoing discussion on higher layer parameters for NR Positioning and their specific settings:
Max # of DL PRS frequency layers (Measurement Objects) supported by UE for DL PRS RSTD [configuration / measurements]
Max # of DL PRS resource sets [per CC or in total] supported by UE for DL PRS RSTD [configuration / measurements]
Max # of DL PRS resources [per CC or in total] supported by UE for DL PRS RSTD [configuration / measurements]
· FFS if separate indication is needed for [configuration / measurements]
Max # of Measurement Reports for DL PRS RSTD [per frequency layer or in total] supported by UE
· FFS if separate indication is needed for periodic/on-demand (e.g. periodic / aperiodic / semi-persistent)
Max DL PRS BW supported by UE for DL PRS RSTD measurement and reporting
Support of inter-frequency DL PRS RSTD measurement and reporting
Support of DL PRS RSTD measurement quality metric
NR UL Positioning
In order to facilitate support of NR UL Positioning, the following additional UE feature group can be defined under NR UL Positioning feature:


Define at least the following feature group for NR UL Positioning
UL PRS/SRS transmission for NR Positioning

UL PRS/SRS Transmission
Under “UL PRS/SRS Transmission for NR UL Positioning”, the RAN1 WG may need to further discuss the following additional components and signaling details:
Max # of UL PRS/SRS Resource Sets [per CC or in total] supported by UE for configuration
Max # of UL PRS/SRS Resources [per CC or in total] supported by UE for UL PRS/SRS [configuration or  simultaneous transmission]
· - FFS if separate indication is needed for [configuration and simultaneous transmission]
Spatial Relation of UL PRS/SRS with [DL PRS / SSB] and number of supported spatial relations
Simultaneous transmission with other UL transmissions (PUCCH/PRACH/PUSCH/SRS) in the same or different carrier

NR DL+UL Positioning
In order to facilitate support of NR DL+UL Positioning, the following additional UE feature group can be defined under NR DL+UL Positioning feature:
UE Rx-Tx Time Difference Measurement and Reporting


· Define at least the following feature group for NR DL+UL Positioning
· UE Rx-Tx Time Difference Measurement and Reporting
· Support of DL and UL NR Positioning is a pre-requisite for NR DL+UL Positioning

UE Rx-Tx Time Difference Measurement and Reporting
Support of the following additional components and related signaling may need to be discussed in RAN1 for UE Rx-Tx Time Difference Measurement and Reporting if this feature group is agreed:
UE Rx-Tx Time Difference Measurement with neighbor cells through direct ranging with multiple cells [if it is agreed] and corresponding reports
UE Rx-Tx Time Difference Measurement and Report with neighbor cells through UE Rx-Tx Time Difference measurement with serving cell and RSTD measurements with neighbor [if it is agreed] and corresponding reports
Support of inter-frequency UE Rx-Tx Time Difference Measurements [if it is agreed]

NR RAT Independent Positioning
The support of NR RAT independent positioning was discussed in RAN2 WG and therefore, we believe RAN2 WG should decide whether to introduce NR RAT-Independent Positioning feature and corresponding feature groups:


· Whether to introduce NR RAT-Independent Positioning feature and corresponding feature groups is to be discussed by RAN2 WG

Conclusion
In this contribution, we have provided our initial views on UE feature list for NR positioning WI. In summary, we recommend RAN1 WG to trigger initial discussion on UE capabilities for NR Positioning WI during the RAN1#98bis meeting. Finally, we have the following proposal:
· Trigger discussion on UE feature list for NR Positioning WI at RAN1#98bis
· Use the list provided in Annex A as a starting point for RAN1 discussion on UE features/capabilities for NR Positioning WI
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Annex A – Draft UE Feature List for NR Positioning Work Item

	Features
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet only)
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (see R2-1712078)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation
	TSG-RAN decision

	NR DL positioning
	10-1
	DL PRS RSRP Measurement and Reporting
	1. Max # of DL PRS frequency layers (Measurement Objects) supported by UE for DL PRS RSRP [configuration / measurements]

2. Max # of DL PRS resource sets [per CC or in total] supported by UE for DL PRS RSRP [configuration / measurements]

3. Max # of DL PRS resources [per CC or in total] supported by UE for DL PRS RSRP [configuration / measurements]
- FFS if separate indication is needed for [configuration / measurements]

4. Max # of Measurement Reports for DL PRS RSRP [per frequency layer or in total] supported by UE
- FFS if separate indication is needed for periodic/on-demand (e.g. periodic / aperiodic / semi-persistent)

5. Max DL PRS BW supported by UE for DL PRS RSRP measurement and reporting

6. Support of inter-frequency DL PRS RSRP measurement and reporting

7. Support of DL PRS RSRP measurement quality metric

	
	Yes
	DL-AoD positioning based on DL PRS is not supported
	[Type-3]
	No
	NA
	
	
	RAN1
	Optional with capability signaling 
	

	
	10-2
	DL PRS RSTD Measurement and Reporting
	1. Max # of DL PRS frequency layers (Measurement Objects) supported by UE for DL PRS RSTD [configuration / measurements]

2. Max # of DL PRS resource sets [per CC or in total] supported by UE for DL PRS RSTD [configuration / measurements]

3. Max # of DL PRS resources [per CC or in total] supported by UE for DL PRS RSTD [configuration / measurements]
- FFS if separate indication is needed for [configuration / measurements]

4. Max # of Measurement Reports for DL PRS RSTD [per frequency layer or in total] supported by UE
- FFS if separate indication is needed for periodic/on-demand (e.g. periodic / aperiodic / semi-persistent)

5. Max DL PRS BW supported by UE for DL PRS RSTD measurement and reporting

6. Support of inter-frequency DL PRS RSTD measurement and reporting

7. Support of DL PRS RSTD measurement quality metric
	10-1
	Yes
	DL-TDOA and RTT positioning based on DL PRS is not supported
	[Type-3]
	No
	NA
	
	
	RAN1
	Optional with capability signaling
	

	
	10-3
	DL SSB RRM measurements for NR Positioning
	Prerequisite – support of SSB measurements for RRM (SS-RSRP, SS-RSRQ, SS-RSRPB) based on Rel.15

Configuration and reporting of SSB RRM measurements (SS-RSRP, SS-RSRQ, SS-RSRPB)
	
	Yes
	E-CID positioning based on SSB/CSI-RS for RRM is not supported
	[Type-3]
	No
	NA
	
	
	
	Optional with capability signaling
	

	
	10-4
	CSI-RS RRM measurements for NR Positioning
	Prerequisite – support CSI-RS for RRM (CSI-RSRP, CSI-RSRQ) based on Rel.15

Configuration and reporting of CSI-RS for RRM (CSI-RSRP, CSI-RSRQ)
	
	Yes
	
	[Type-3]
	No
	NA
	
	
	
	
	

	
	10-5
	UE Based Positioning
	TBD specific content in RAN2 WG

Estimation of location coordinate at UE side and support of corresponding signaling for DL PRS configuration / measurements
	10-2
	Yes
	UE based positioning is supported
	[Type-3]
	No
	NA
	
	
	RAN2
	Optional with capability signaling
	

	NR UL Positioning
	11-1
	UL SRS/PRS transmission for NR Positioning
	1. Max # of UL PRS/SRS Resource Sets [per CC or in total] supported by UE for configuration

2. Max # of UL PRS/SRS Resources [per CC or in total] supported by UE for UL PRS/SRS [configuration or  simultaneous transmission]
- FFS if separate indication is needed for [configuration and simultaneous transmission]

3. Spatial Relation of UL PRS/SRS with [DL PRS / SSB] and number of supported spatial relations

4. Simultaneous transmission with other UL transmissions (PUCCH/PRACH/PUSCH/SRS) in the same or different carrier

	
	Yes
	UL-TDOA and RTT positioning based on UL PRS/SRS is not supported
	[Type-3]
	No
	NA
	
	
	RAN1
	Optional with capability signaling
	

	NR DL+UL Positioning
	12-1
	UE Rx-Tx Time Difference Measurement and Reporting
	1. UE Rx-Tx Time Difference Measurement with neighbor cells through  direct ranging with multiple cells [if it is agreed] and corresponding reports

2. UE Rx-Tx Time Difference Measurement and Report with neighbor cells through  UE Rx-Tx Time Difference with serving cell and RSTD measurement with neighbor [if it is agreed] and corresponding reports

3. Support of Inter-frequency UE Rx-Tx Time Difference Measurements [if it is agreed]
	10-2
11-1
	Yes
	RTT positioning based on UL PRS/SRS is not supported
	[Type-3]
	No
	NA
	
	
	RAN1
	Optional with capability signaling
	

	NR RAT-Independent Positioning
	13-1
	TBD in RAN2 WG
	[TBD in RAN2 WG]
	
	Yes
	NR RAT Independent Positioning is not supported
	[Type-3]
	No
	NA
	
	
	RAN2
	Optional with capability signaling
	



