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1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
In this contribution, we give our view on the scope for NR positioning enhancements in rel17. 
2 [bookmark: _Ref7792543][bookmark: _Ref7598514]Scope of Rel17 NR positioning enhancements
2.1 SI Focus and Prioritization
RAN1 and RAN2 working group completed the study for NR positioning to meet mainly below objectives:

· High Accuracy
· Low Latency
· GNSS Integrity
· UE Power Efficiency (Idle/Inactive Mode Positioning)
· NW Energy Savings (DL-PRS Power head Reduction)

Several solutions were discussed and captured in TR 38.857. 3GPP RAN working group now need to decide what should be the focus area from the above objectives for Rel-17. Clearly, it will not be feasible to pursue all the objectives given the limited time units allocated to the work-item in the different working groups. In this paper, we have highlighted the focus area that would be needed to meet the demands for IIOT use cases and provide completive outdoor positioning solutions for GNSS by introducing support for Integrity.

For IIOT as listed by SA1 requirements; low latency and high accuracy are the key requirements. IIOT UEs are not power limited devices. RAN4 has not defined any new power class for this sort of UEs and they should not be considered as NB-IoT/CAT-M devices. Hence, we do not see the real need to pursue any UE power saving related feature in Release-17. There is need for DL-PRS overhead reduction considering RAN products need to be energy efficient, but we see it may be difficult to fit in the given TU.

[bookmark: _Toc66654329]High Accuracy and Low latency features are prioritized over UE Power Efficiency feature to meet IIOT use cases.
[bookmark: _Toc66654330]GNSS Integrity Solution is provided to enable a complete offering for GNSS based solutions to the end user
[bookmark: _Toc66654331]Network and UE power efficiency objective are down-prioritized

2.2 RAN1-led objectives
The agreement from RAN#90e provided the following objectives for RAN#1:
	[bookmark: _Hlk57059510]RAN1 centric objectives:
· 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]
· 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]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.




For NR positioning enhancements, there are already 3 agenda items that were agreed in RAN#90-e and are currently being discussed in RAN1.  With the SI phase concluded in RAN2, RAN#91-e will include additional objective that will be led by RAN2, RAN3 and RAN4, where RAN1 will also be involved. Even without RAN1 as a leading group, these objectives may further impact RAN1 workload.
Regarding RAN1-led objectives, it is clear that RAN1 already has a sufficient agenda to address in Rel-17 with the amount of TU provided; thus in order to not overburden RAN1 with additional work load, we suggest to not further include RAN1 as leading group for any new objectives.  As there has been only one meeting for RAN1, it is too early to tell whether additional objectives could be handled by RAN1. Most of the RAN1 agreements so far are study agreements [10] and thus it is preferable to wait for more progress  before more work is added to the WID.  

[bookmark: _Toc66652827]Based on the available TUs, the WID already contains enough objectives led by 	RAN1
[bookmark: _Toc66654332]The NR positioning enhancements WI should not contain any additional RAN1-led objectives
2.3 RAN2-led objectives
In total, RAN2 captured proposals recommending to specify or study in 5 different areas during the work item phase. Clearly a down-scoping is required in order to fit the objectives to the TU budget. 

Based on the conclusions in TR 38.857, the following potential new objectives have been proposed and it is expected that BDS/NaVIC support will also be added in NR:

	Latency-focused objectives:

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· 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); [RAN2, RAN1, RAN3]
· Latency reduction related to the reporting and request of the measurement (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules); [RAN1, RAN2, RAN4]
· Latency reduction related to the time needed to perform UE measurements; [RAN4, RAN1]
· Latency reduction related to the measurement gap; [RAN4, RAN1, RAN2]

· [Study and, if supported, the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure); [RAN1, RAN2, RAN3]
· Latency reduction related to the reporting of the measurements (CG-based transmission); [RAN2, RAN3, RAN4]
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network); [RAN2, RAN3]
· Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS); [RAN1,RAN4]

On-Demand PRS objectives:

· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission; 

RRC_inactive state objectives:

· Specify the enhancements for RAT-dependent and RAT-independent positioning for UEs in RRC_ INACTIVE state, for DL, UL and DL+UL positioning methods and UE-based and UE-assisted positioning solutions, including:
· Signalling and procedures for supporting the assistance data delivery and measurement reporting; [RAN2, RAN1, RAN3,RAN4]
· Reporting of DL-PRS measurement and/or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE: [RAN2, RAN1, RAN3, RAN4]
· The reporting of DL-PRS measurement and/or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE is enabled by enhancing small data transmission in RRC_INACTIVE. (Details of the use of SDT to be studied in the WI phase)
· UE and gNB positioning measurements, UL reference signals for UL measurements, and configuration of the DL-PRS and UL reference signals; [RAN1,RAN4]

Support of GNSS integrity:

· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· 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 for BDS/NaVIC.

· Support of A-GNSS enhancements:
· Support the following enhancements of A-GNSS positioning [RAN2]
· Specify support for BDS B2a signal
· Specify support for BDS B3I signal
· Specify support for NavIC to NR




With an average of 2TUs per meeting until the end of the release, 6 objectives are beyond what RAN2 can handle. Therefore, we propose to limit the scope of RAN2 to topics of highest priority and to no more than 3 RAN2 led objectives.  



[bookmark: _Toc66652828]There is need to perform down-selection and ensure there are not many RAN2-led 	objectives in Rel-17 WID.

[bookmark: _Toc66654333]The NR positioning enhancements WI should not contain more than 3 RAN2-led objectives. 
As mentioned in section 2.1, the most important aspects to improve the positioning solution in NR for IIoT use cases are accuracy and latency. Accuracy improvements have already been discussed for RAN1 during RAN#90. We believe that the objective regarding support of additional path can be handled by RAN2. High accuracy should be prioritized for Rel-17 and we see the below feature as the most essential component to achieve this. In Rel-16, there was discussion on enhancing additionnal path reporting, further multipath and LOS/NLOS mitigation has been studied by RAN1. RAN2 can restart the discussion and can lead this agenda and get further input from RAN1. We suggest to switch the primary responsible group for this objective from RAN1 to RAN2 and also add RAN3 as impacted group. 

· Study and Specify, if supported, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation(e.g., extend current additional paths reporting from 2 to 8)  [RAN2, RAN1, RAN3]

The second priority of rel17 positioning enhancements is, in our view, to improve latency. Therefore, we propose to prioritize RAN2 objectives to improve latency.  The following RAN2-led sub-objectives for latency can be prioritized: 

	
· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· 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); [RAN2, RAN1, RAN3]

· [Study and, if supported, the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· Latency reduction related to the reporting of the measurements (CG-based transmission); [RAN2, RAN3, RAN4]
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network); [RAN2, RAN3]







As stated earlier, we believe that there should also be an objective to support enhancing of integrity. In summary, the sub-objectives for RAN2 are as follow. We propose to combine the latency sub-objectives as a single objective:

	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:

· 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) [RAN2]
· Latency reduction related to the reporting of the measurements (e.g., CG-based transmission); [RAN2, RAN3]
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network); [RAN2, RAN3]

· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· 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.





[bookmark: _Toc66654334]Define the following objectives for RAN2 
[bookmark: _Toc66654335]Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Toc66654336]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) [RAN2]
· [bookmark: _Toc66654337]Study and Specify, if supported, latency reduction related to the reporting of the measurements (e.g., CG-based transmission); [RAN2, RAN3]
· [bookmark: _Toc66654338]Study and Specify, if supported, latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network); [RAN2, RAN3]
[bookmark: _Toc66654339]		Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· [bookmark: _Toc66654340]The assistance information that will be used to support integrity determination
· [bookmark: _Toc66654341]The information that will be used to provide the positioning integrity KPIs and integrity results
· [bookmark: _Toc66654342]Support of integrity for UE-based and UE-assisted A-GNSS positioning.

When it comes to BDS signal addition and for NaVIC support, RAN should discuss whether it should be part of same WID or separate WID.

· Support the following enhancements of A-GNSS positioning [RAN2]
· Specify support for BDS B2a signal
· Specify support for BDS B3I signal
· Specify support for NavIC to NR


[bookmark: _Toc66654343]RAN to discuss and decide whether BDS signals and NavIC support are part of NR Positioning WID or separate WID.

2.4 RAN3-led objectives
From RAN3 perspective, we think the information should be provided in the WID for rel17 regarding NRPPa + F1AP impacts. Further, in our view, although RAN2 is responsible for the positioning architecture since they are the rapporteur of the stage2 specification, RAN3 can also perform checking in parallel with RAN2 on architecture aspects.

[bookmark: _Toc66654344]Define the following objectives for RAN3
· [bookmark: _Toc66654345]Define extensions of NRPPa and F1AP for NR positioning enhancement, as needed [RAN3]
· [bookmark: _Toc66654346]Note: RAN3 shall perform checking with RAN2 on the architecture aspects, as needed.

2.5 RAN4-led objectives
Further for latency reduction, we see the below sub-objectives can be led by RAN4, as part of the same objective define in proposal 6:

· Latency reduction related to the time needed to perform UE measurements; [RAN4, RAN1]
· Latency reduction related to enable measurements without measurement gaps, at least in some scenarios; [RAN4, RAN1, RAN2]

[bookmark: _Toc66654347]Define the following sub- objectives for RAN4 for latency reduction
· [bookmark: _Toc66654348]Latency reduction related to the time needed to perform UE measurements; [RAN4, RAN1]
· [bookmark: _Toc66654349]Latency reduction related to enable measurements without measurement gaps, at least in some scenarios; [RAN4, RAN1, RAN2]
2.6 Summary 
A draft WID summarizing our view on suitable objectives for rel17 positioning enhancements is attached to this contribution. 

· [bookmark: _Toc66654350]Consider the draft WID objectives in appendix A as a basis for discussion of the WID update for NR positioning enhancements. 

Conclusion

In the previous sections we made the following observations: 
Observation 1	Based on the available TUs, the WID already contains enough objectives led by  RAN1
Observation 2	There is need to perform down-selection and ensure there are not many RAN2-led  objectives in Rel-17 WID.
Based on the discussion in the previous sections we propose the following:
Proposal 1	High Accuracy and Low latency features are prioritized over UE Power Efficiency feature to meet IIOT use cases.
Proposal 2	GNSS Integrity Solution is provided to enable a complete offering for GNSS based solutions to the end user
Proposal 3	Network and UE power efficiency objective are down-prioritized
Proposal 4	The NR positioning enhancements WI should not contain any additional RAN1-led objectives
Proposal 5	The NR positioning enhancements WI should not contain more than 3 RAN2-led objectives.
Proposal 6	Define the following objectives for RAN2
Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· 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) [RAN2]
· Study and Specify, if supported, latency reduction related to the reporting of the measurements (e.g., CG-based transmission); [RAN2, RAN3]
· Study and Specify, if supported, latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network); [RAN2, RAN3]
		Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· 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.
Proposal 7	RAN to discuss and decide whether BDS signals and NavIC support are part of NR Positioning WID or separate WID.
Proposal 8	Define the following objectives for RAN3
· Define extensions of NRPPa and F1AP for NR positioning enhancement, as needed [RAN3]
· Note: RAN3 shall perform checking with RAN2 on the architecture aspects, as needed.
Proposal 9	Define the following sub- objectives for RAN4 for latency reduction
· Latency reduction related to the time needed to perform UE measurements; [RAN4, RAN1]
· Latency reduction related to enable measurements without measurement gaps, at least in some scenarios; [RAN4, RAN1, RAN2]
· Consider the draft WID objectives in appendix A as a basis for discussion of the WID update for NR positioning enhancements.
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Appendix A: proposed updated WID objectives:

4.1 Objective of SI or Core part WI or Testing part WI
The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy and latency. The objective of this work item also includes the support of GNSS integrity, along with addition of BDS signals and NavIC support.  
The specific objectives of this work are:

· 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, RAN4]
· 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 solutions.

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· 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); [RAN2, RAN1, RAN3]
· Study and, if supported, latency reduction related to the reporting of the measurements (CG-based transmission); [RAN2, RAN3, RAN4]
· Study and if supported, latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network); [RAN2, RAN3]
· Latency reduction related to the time needed to perform UE measurements; [RAN4, RAN1]
· Latency reduction related to enable measurements without measurement gaps, at least in some scenarios; [RAN4, RAN1, RAN2]

· Study and specify, if supported, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN2, RAN1, RAN3]

· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· 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.

· Discuss and specify new as well as the impact on the existing requirements for RAN4 positioning and other RRM measurements and corresponding procedures [RAN4]

· Define extensions of signalling, protocol and procedure for NR positioning enhancement, as needed [RAN3] 
[Note: RAN3 shall perform checking with RAN2 on the architecture aspects, as needed.]


Notes: 
· Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
· [bookmark: _Hlk57059470]RAN working groups will take into account the work from other working group SA/CT which involves same objectives.
 4.2 Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
Objectives with RAN4 impact:
· Define corresponding performance requirements and test cases for NR positioning enhancements [RAN4]
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