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At RAN#90e, a first version of the NR Positioning Enhancements Work Item was approved in [1]. Because the corresponding Study Item [2] was still ongoing in RAN2, the focus of this first version of the WID was on the objectives where RAN1 can work alone. From the three improvement areas investigated during the Study Item phase (improved accuracy, reduced latency, and improved device/network efficiency), two objectives on improved accuracy were agreed [1]: (1) mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays (calibration errors for timing based methods), and (b) improved accuracy for angle based methods (UL-AoA, DL-AoD). 
RAN2 concluded the Study Item on NR Positioning Enhancements at RAN2#113-e and additional RAN2-centric recommendations were added to the TR 38.857 [3].
With the conclusions from RAN2, the additional objectives for reduced latency and improved device/network efficiency can now be added to the Work Item Description for NR Positioning Enhancements. 
In this contribution, we provide our views on the final work item scope for NR Positioning Enhancements in Rel-17. 
2.	Proposed Work Item Scope
2.1	Principles
The TR conclusions include two groups of recommendations [3]:
(1)	Areas which are directly recommended for normative work;
(2)	areas considered beneficial for improving positioning accuracy, reducing latency, and improving device/network efficiency, which however, require further studies before specification work can commence.
The enhancement areas belonging to these two groups are summarized in the Table below.
As can be observed from the Table below, the list of enhancements belonging to group (1) above is already rather long. Considering the available TUs for this WI in Rel-17, we propose to only include the areas belonging to group (1) above for the Rel-17 WI.

	Area
	TR 38.857 section
	Recommended for Normative Work
	Study further, and if agreed, specify
	Comments

	Positioning of UEs in RRC_INACTIVE State
	10.1/10.10
	
	
	Incl. RAT-independent positioning (RAN2)

	DL positioning measurements in RRC_IDLE state
	10.9/10.10
	
	
	Incl. RAT-independent positioning (RAN2).
Feasible from RAN1/RAN2 perspective. See NOTE 1 below.

	On-demand transmission and reception of DL-PRS
	10.2
	
	
	Also recommended by RAN2

	Aggregation of DL-PRS resources
	10.3
	
	
	

	Aggregation of SRS for positioning resources
	10.4
	
	
	

	Enhancements for UE Rx/Tx and gNB Rx/Tx timing delays
	10.5
	
	
	Already included in the 1st version of the WID [1]

	Enhancements for angle based methods
	10.6
	
	
	Already included in the 1st version of the WID [1] 

	Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation
	10.7
	
	
	

	Enhancements of signalling and procedures for reducing NR positioning latency
	10.8
	
	
	

	-	Aperiodic DL-PRS
	
	
	
	

	-	Semi-persistent DL-PRS
	
	
	
	

	-	Latency Reduction related to measurement gaps
	
	
	
	

	-	Latency reduction related to the measurement reporting and request (e.g., via RRC signalling, MAC-CE and/or physical layer procedure, and/or priority rules)
	
	
	
	

	-	Latency reduction related to measurements
	
	
	
	

	-	Latency reduction related to the reporting and request of positioning assistance data (e.g., via location scheduling in advance of the time of when the location is needed) 
	
	
	
	Added by RAN2

See NOTE 2 below.

	-	Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signalling, MAC-CE and/or physical layer procedure)
	
	
	
	
See NOTE 2 below.

	-	Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
	
	
	
	

	-	Latency reduction related to the reporting of the measurements (e.g., CG-based transmission) 
	
	
	
	Added by RAN2

	-	Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network)
	
	
	
	Added by RAN2

	Signalling and procedures to support GNSS positioning integrity
	10.11
	
	
	Added by RAN2



NOTE 1:	DL positioning measurements (incl. RAT-independent measurements) in RRC_IDLE state can in principle already be supported in Rel-16; e.g., when necessary assistance data are available via broadcast. Similar, reporting the measurements/location estimate performed in RRC_IDLE when the UE is in RRC_CONNETED can in principle also be supported; i.e., the specification impacts for this area seem rather minor (e.g., requires primarily an update of TS 38.215 (PHY measurements) or TS 38.305 (Stage 2)). Although, there is no specific recommendation for normative work in [3], an objective is proposed in section 2.4 below.
NOTE 2:	For the area "Latency reduction related to the reporting and request of positioning assistance data", there are different recommendations from RAN1 and RAN2. RAN1 recommends further study, whereas RAN2 recommends normative work directly. 
It is proposed here to follow RAN2 recommendation and combine this area with the area "Latency reduction related to the measurement reporting and request", which is also recommended for normative work by RAN1 (see section 2.3 below). 
2.2	Enhancement to support high accuracy positioning
Following the principles in section 2.1, no additional objectives are proposed for improved accuracy. However, the approved objectives in [1] require an update to include RAN2 and RAN3 WGs:
	Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3]
-	DL, UL and DL+UL positioning methods
-	UE-based and UE-assisted positioning solutions

Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
-	UL AoA for network-based positioning solutions.
-	DL-AoD for UE-based and network-based (including UE-assisted) positioning modes.
Note: 	RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.



2.3		Enhancement to support low latency positioning
As mentioned in section 2.1 above, it is proposed to combine the enhancements of signalling and procedures for reducing NR positioning latency related to the request/response of positioning assistance data and related to the request/response of location information. For both, assistance data and location information, the RAN1 recommendation includes the request/response via RRC signalling, MAC-CE and/or physical layer procedures, together with a note that no assumptions are made on whether the LCS architecture specified in TS 23.273 [4] is enhanced or not [3].
During the Study Item, RAN2 discussed potential enhancements to the positioning architecture (e.g., moving certain location functions to the NG-RAN). However, no agreements on architecture and related signalling enhancements have been made. Since one signalling endpoint for the RRC signalling, MAC-CE and/or physical layer procedure would be the NG-RAN/gNB, and since no architecture enhancements were agreed, it seems the request and response of assistance data and location information via RRC signalling, MAC-CE and/or physical layer procedure is not needed (e.g., cannot provide latency improvements (none have been shown during the study item phase)). Therefore, it is proposed to remove these specific examples. 
The following objective is proposed:
	Specify signalling and procedures for reducing positioning latency for DL and DL+UL NR positioning methods, including:
-	Latency reduction related to the measurement gaps [RAN1, RAN2, RAN4]
-	Latency reduction related to measurement time [RAN1]
-	Latency reduction related to the request and response of location information and positioning assistance data (e.g., via location scheduling in advance of the time of when the location is needed) [RAN2, RAN3]



2.4	Enhancements to improve network and device efficiency
The areas "Positioning of UEs in RRC_IDLE/RRC_INACTIVE State" and "On-demand transmission and reception of DL-PRS" are primarily targeted for improved network and device efficiency. However, these features may also reduce latency or improve accuracy as mentioned in [3]. 
The proposed objective related to "On-demand transmission and reception of DL-PRS" is as follows (according to [3]):
	Specify signalling and procedures to support on-demand transmission and reception of DL-PRS, including: 
[RAN1, RAN2, RAN3]
-	UE-initiated request of on-demand DL-PRS transmission
-	LMF-initiated on-demand control of DL-PRS transmission
NOTE 1:	Above enhancements shall be applicable for both, DL and DL+UL positioning methods, and both, UE-based and UE-assisted positioning solutions.
NOTE 2:	The exact parameters that can be dynamically changed and necessary measurement and/or assistance information for LMF/UE initiated on demand DL-PRS shall be decided during WI phase.



The proposed objectives related to "Positioning of UEs in RRC_IDLE/RRC_INACTIVE State" is proposed as follows (according to [3]):
	Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_INACTIVE state, including: [RAN1, RAN2, RAN3]
-	DL, UL and DL+UL NR positioning methods 
-	RAT-independent positioning methods
-	UE-based and UE-assisted positioning modes
-	Support of UE positioning measurements for UEs in RRC_INACTIVE state
-	Support of gNB positioning measurements for UEs in RRC_INACTIVE
-	Reporting of DL-PRS measurements or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state.
NOTE: 	The reporting of DL-PRS measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state is enabled by enhancing Small Data Transmission (SDT) in RRC_INACTIVE.



	Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_IDLE state, including: [RAN1, RAN2, RAN3]
-	DL-only NR positioning methods 
-	RAT-independent positioning methods
-	UE-based and UE-assisted positioning modes
-	Support of UE positioning measurements for UEs in RRC_IDLE state
-	Reporting of DL-PRS measurements or location estimate performed in RRC_IDLE when the UE is in RRC_CONNECTED state.



2.5	Support for GNSS positioning integrity
The proposed objectives related to "GNSS Integrity" is proposed as follows (according to [3]):
	Specify signalling and procedures to support GNSS positioning integrity determination, including: [RAN2]
-	The assistance information that will be used to support integrity determination
-	The information that will be used to provide the positioning integrity KPIs and integrity results
-	Support of integrity for UE-Based and UE-Assisted A-GNSS positioning



3.	Summary
In this contribution, we propose the objectives for an updated Work Item Description on NR Positioning Enhancements as follows:

(1)	Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3]
-	DL, UL and DL+UL positioning methods
-	UE-based and UE-assisted positioning solutions

(2)	Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
-	UL AoA for network-based positioning solutions.
-	DL-AoD for UE-based and network-based (including UE-assisted) positioning modes.
NOTE 1: 	RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.

(3)	Specify signalling and procedures for reducing positioning latency for DL and DL+UL NR positioning methods, including:
-	Latency reduction related to the measurement gaps [RAN1, RAN2, RAN4]
-	Latency reduction related to measurement time [RAN1]
-	Latency reduction related to the request and response of location information and positioning assistance data (e.g., via location scheduling in advance of the time of when the location is needed) [RAN2, RAN3]

(4)	Specify signalling and procedures to support on-demand transmission and reception of DL-PRS, including: 
[RAN1, RAN2, RAN3]
-	UE-initiated request of on-demand DL-PRS transmission
-	LMF-initiated on-demand control of DL-PRS transmission
NOTE 2:	Above enhancements shall be applicable for both, DL and DL+UL positioning methods, and both, UE-based and UE-assisted positioning solutions.
NOTE 3:	The exact parameters that can be dynamically changed and necessary measurement and/or assistance information for LMF/UE initiated on demand DL-PRS shall be decided during WI phase.

(5)	Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_INACTIVE state, including: [RAN1, RAN2, RAN3]
-	DL, UL and DL+UL NR positioning methods 
-	RAT-independent positioning methods
-	UE-based and UE-assisted positioning modes
-	Support of UE positioning measurements for UEs in RRC_INACTIVE state
-	Support of gNB positioning measurements for UEs in RRC_INACTIVE
-	Reporting of DL-PRS measurements or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state.
NOTE4: 	The reporting of DL-PRS measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state is enabled by enhancing Small Data Transmission (SDT) in RRC_INACTIVE.

(6)	Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_IDLE state, including: [RAN1, RAN2, RAN3]
-	DL-only NR positioning methods 
-	RAT-independent positioning methods
-	UE-based and UE-assisted positioning modes
-	Support of UE positioning measurements for UEs in RRC_IDLE state
-	Reporting of DL-PRS measurements or location estimate performed in RRC_IDLE when the UE is in RRC_CONNECTED state.

(7)	Specify signalling and procedures to support GNSS positioning integrity determination, including: [RAN2]
-	The assistance information that will be used to support integrity determination
-	The information that will be used to provide the positioning integrity KPIs and integrity results
-	Support of integrity for UE-Based and UE-Assisted A-GNSS positioning
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