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[bookmark: _Toc32744954][bookmark: _Toc54553015][bookmark: _Toc48211438][bookmark: _Toc54552893]Introduction
To address the higher accuracy location requirements resulting from new applications and industry verticals for 5G, the Rel-17 Study Item of “Study on NR Positioning Enhancements” was approved by 3GPP TSG RAN [1][2]. The study item covers the enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically IIoT use cases), and the solutions necessary to support integrity and reliability of assistance data and position information and GNSS Integrity.
The objectives of the SI were completed in RAN1#103e and RAN2#113e with the following accomplishments [4]:
· The target performance requirements for RAT dependent solutions for Rel-17 for both general commercial use cases and IIoT use cases were defined;
· The additional scenarios and channel models for evaluating NR positioning enhancements were defined;  
· The NR positioning enhancements candidates for improving accuracy, reducing latency, and improving network and device efficiency for Rel-17 were identified;
· Evaluation of the achievable positioning performance, including the performance analysis of Rel-16 positioning solutions, the performance analysis, the efficiency analysis, and the observations obtained from the investigations for Rel-17 NR positioning enhancements, were completed;
· Positioning integrity KPIs and relevant use cases were defined;
· The error sources, threat models, occurrence rates, and failure modes requiring positioning integrity validation and reporting were identified;
· The methodologies for network-assisted and UE-assisted integrity were studied.

The NR impacts for normative work for Rel-17 were identified in TR 38.857[4]. In RAN#90e, a new WI for Rel-17 NR positioning enhancements was approved [5] based mainly on the accomplishments made in RAN1 because RAN2’s work on the SI was not completed at that time. The WID is expected to be revised in RAN#91e with the consideration of both RAN1 and RAN2’s accomplishments.

[bookmark: _Toc511230715][bookmark: _Toc511230578]In this contribution, we present our views on the WI scope of Rel-17 NR positioning enhancements based on the SI achievements made in both RAN1 and RAN2.

[bookmark: _Toc54553016][bookmark: _Toc48211439][bookmark: _Toc54552894]Discussion
[bookmark: _Toc56686550]Enhancements for improving positioning accuracy
Based on the investigation during the SI, the following enhancements related to improving positioning accuracy are recommended for Rel-17 WI:
[bookmark: _Toc56686554]Enhancements for UE Rx/Tx and gNB Rx/Tx timing delays
The methods, measurements, signalling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or gNB Rx/Tx timing delays are recommended for normative work, including 
· DL, UL, and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Note: The details of the solutions are left for further discussion in normative work.
[bookmark: _Toc56686555]Enhancements for angle-based methods
The enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of 
· UL AoA is recommended for normative work for network-based positioning solutions.
· DL-AoD is recommended for normative work for UE-based and network-based (including UE-assisted) positioning solutions.
[bookmark: _Toc56686556]Enhancements of information reporting from UE/gNB for supporting multipath/NLOS mitigation
Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation can be studied further, and if needed, specified during normative work for improving positioning accuracy.
· Note: The details of the enhancements of reporting are left for further discussion in normative work, which may include, but are not limited to the following information associated with multi-path, e.g., LOS/NLOS identification, time of arrival of the multi-path components, signal power and/or relative power, power delay profile, angle, and/or polarization information, coherence bandwidth, etc.
[bookmark: _Toc56686552]Aggregation of DL PRS resources
Simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs can be studied further and if needed, specified during normative work
· From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, bands, and RF architectures, can be further studied 
[bookmark: _Toc56686553]Aggregation of SRS for positioning resources
Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers can be studied further and if needed, specified during normative work.
· From both gNB and UE perspectives, the applicability and feasibility of this enhancement for different scenarios, configurations, particular bands and RF architectures, can be further studied.

Based on RAN1’s accomplishments achieved during the SI for the enhancements related to improving positioning accuracy, a new WID for positioning enhancements was approved in RAN#90e with the following objectives [5]:
· 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.
In RAN#90e, including the enhancements related to information reporting from UE/gNB for supporting multipath/NLOS mitigation, aggregation of DL PRS resources, and UL SRS for positioning resources were discussed, but no consensus was reached, partially due to these enhancements were not fully studied, and thus recommended as “can be studied further, and if needed, specified during normative work” and partially due to RAN2’s work was not completed at that time. 
In our view, one of the main motivations of Rel-17 NR positioning enhancements WI is to increase the positioning accuracy to meet the target Rel-17 accuracy requirements. Therefore, we would suggest including the enhancements related to both information reporting from UE/gNB for supporting multipath/NLOS mitigation and the aggregation of DL PRS resources and UL SRS for positioning resources for positioning accuracy in Rel-17.
[bookmark: p1]Proposal 1. Further study, and if needed, specify the following enhancements in Rel-17 NR positioning enhancements WI for improving NR positioning accuracy: 
· the information reporting from UE/gNB for multipath/NLOS mitigation 
· the aggregation of DL PRS resources and UL SRS resources for positioning.

[bookmark: _Toc56686557]Enhancements for reducing NR positioning latency
The following enhancements of signaling & procedures for reducing NR positioning latency are recommended for normative work, including DL and DL+UL positioning methods from the SI [4]: 
· The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· Latency reduction related to the measurement gap
· 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)
· 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)

The following enhancements of signaling & procedures for reducing NR positioning latency can be studied and specified, if needed
· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE, and/or physical layer procedure)
· 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)
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network).

In addition, the SI concluded that the following enhancements related to improving the UE and network efficiency can be studied further and if needed, specified during normative work  [4]:
· Aperiodic reception of DL PRS from the TRPs of the serving gNB and aperiodic reception of DL PRS from the TRPs of the neighbouring gNBs can be studied further and if needed, specified during normative work.
· Note: Aperiodic reception corresponds to DCI-triggered reception  

· Semi-persistent reception of DL PRS from the TRPs of the serving gNB and Semi-persistent reception of DL PRS from the TRPs of the neighbouring gNBs can be studied further and if needed, specified during normative work.
· Note: Semi-persistent reception in the above corresponds to MAC-CE activated reception

With the consideration of the limitation of the WI scope, our suggestion is to include mainly the enhancements that are recommended for normative work for reducing positioning latency, and exclude most of those enhancements indicated as “can be studied and specified, if needed”.  

[bookmark: p2]Proposal 2. Define and specify the following enhancements in Rel-17 NR positioning enhancements WI for reducing positioning latency:
· Signaling & procedures for reducing NR positioning latency, including DL and DL+UL positioning methods, which may include the following aspects:
· Latency reduction related to the measurement gap
· 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)
· 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)
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network)

NR positioning for UEs in RRC_INACTIVE state
Based on the conclusion of RAN1’s work during the SI NR positioning for UEs in RRC_INACTIVE state is recommended for normative work, including [4]
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Support of UE positioning measurements for UEs in RRC_inactive state
· Options that can be considered include DL-PRS or DL-PRS and SSB
· Support of gNB positioning measurements for UEs in RRC_inactive state

The details of how to enable the UE positioning in RRC_ INACTIVE state can be further discussed during normative work. These details may include, but are not limited to the following aspects:
· UL reference signals (e.g., SRS for positioning, PRACH preambles) for UL measurements
· Signalling and procedures for support the assistance data delivery, DL-PRS configuration, UL reference signals for positioning resource configuration, measurement reporting, which may be developed based on the enhancements of existing signalling and procedures (e.g., existing 2-step and/or 4-step PRACH procedures, paging procedure, small data transmission). 

However, from the conclusion of RAN2’s work, it seems only the procedures recommended for normative work are only for DL positioning methods in RRC_INACTIVE, as shown in the following. It does not include UL and DL+UL positioning methods.
The following procedures are recommended for normative work for DL positioning methods in RRC_INACTIVE[4]:
· Reporting of DL-PRS measurement and/or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE.
· 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)
· NOTE: The following procedures are considered to have already been supported and can be reused for DL positioning in RRC_INACTIVE
· On-demand SI request in RRC_INACTIVE for assistance data delivery by broadcast in RRC_INACTIVE
· ProvideAssistanceData in RRC_CONNECTED for DL-PRS configuration used in RRC_INACTIVE downlink positioning
· RequestLocationInformation can be sent in RRC_CONNECTED for DL-PRS measurement or location estimate performed in RRC_INACTIVE

Therefore, with the consideration of the limitation of the WI scope, our suggestion is to include only the DL positioning methods for NR positioning in RRC_INACTIVE.

[bookmark: p3]Proposal 3. Define and specify the following enhancements in Rel-17 NR positioning enhancements WI for NR positioning in RRC_INACTIVE:
· Reporting of DL-PRS measurement and/or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE for both UE-based and UE-assisted positioning solutions
· 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)

NR positioning for UEs in RRC_IDLE state
Based on the investigation from RAN1 and RAN2, it is considered to be feasible for a UE to perform DL positioning measurements in RRC_IDLE state and report the DL-PRS measurement and/or location estimate performed in RRC_IDLE when the UE is reconnected. 
[bookmark: p4]Proposal 4. Define and specify the following enhancement in Rel-17 NR positioning enhancements WI:
· Perform DL positioning measurements in RRC_IDLE state and report the DL-PRS measurement and/or location estimate performed in RRC_IDLE when the UE is reconnected  

On-demand transmission and reception of DL PRS
On-demand DL PRS functionality is beneficial primarily for improving efficiency, reducing latency, and increasing accuracy. From a physical layer perspective, on-demand transmission and reception of DL PRS, which includes at least the following is recommended
· UE-initiated request of on-demand DL PRS transmission
· LMF (network)-initiated request of on-demand DL PRS transmission
· Above enhancements are recommended for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions.

[bookmark: _Toc56686558]From the Upper layer perspective, the below conclusions have been made for on-demand PRS functionality.
· UE-initiated request of on-demand DL-PRS transmission is recommended for normative work; the details will be decided during WI phase.
· LMF Initiated on-demand control of DL-PRS transmission is recommended for normative work; the details will be decided during WI phase.
· The exact parameters that can be dynamically changed and necessary measurement and/or assistance information for LMF/UE initiated on-demand PRS are expected to be decided during WI phase.

From RAN1 and RAN2’s conclusion, both physical layer and upper layers perspective, UE-initiated request of on-demand DL PRS and LMF-initiated request of on-demand DL PRS transmission are recommended for normative work. Thus, we propose:

[bookmark: p5]Proposal 5. Define and specify the following enhancements in Rel-17 NR positioning enhancements WI for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions:
- UE-initiated request of on-demand DL-PRS transmission
-	LMF Initiated on-demand control of DL-PRS transmission
RAT-Independent positioning
GNSS positioning integrity
Based on the study, RAN2 has concluded that signalling and procedures to support GNSS positioning integrity determination are recommended for normative work with the details of the solutions being left for further discussion in normative work.
[bookmark: p7]Proposal 6. Define and specify the signalling and procedures for GNSS positioning integrity determination in Rel-17 NR positioning enhancements WI, which may include the following aspects:
· The assistance information to support integrity determination;
· The information to provide the positioning integrity KPIs and integrity results.
· Support of integrity for UE-Based and UE-Assisted A-GNSS positioning.

Enhancements of A-GNSS positioning
During the discussion of the objectives of Rel-17 NR positioning enhancements SI, the common view is that the enhancements related to the support of BDS B2a/B3I signals as well as NavIC for NR UEs can be considered directly into the WI objectives without the need to study them. 
B2a and B3I signals are expected to be supported in both 4G and 5G networks as early as possible by the A-BDS global navigation ecosystem, so devices over the world will support A-BDS with higher accuracy.
[bookmark: p8]Proposal 7: Both B2a and B3I signals should be introduced in A-GNSS in 4G and 5G in Rel-17.
Since the requirement from A-BDS ecosystem is to introduce both BDS signals in both 4G and 5G but the NR ePOS WID is mainly for NR, so how to handle the requirement can be discussed. There are three alternatives:
Alt 1:  include B2a and B3I signals in current NR positioning WID with a note to clarify that they should be supported in 4G also.
Alt 2: include B2a and B3I signals in current NR positioning WID for 5G only. And B2a and B3I signals for 4G will be supported in LTE TEI17 or a new LTE WI (note: only stage 2 CR is impacted for core part).  
Alt 3: A separate small Work Item is created for A-GNSS positioning for 4G and 5G in Rel-17, including BDS B2a, B3I signal and NavIC.
Alt 1 may break the rules that NR positioning WID is only for NR. Alt 3 may cause a new WID which is not ready yet and it would bring much more work during RAN plenary. According to the previous experience to introduce B1C signal for BDS, only stage 2 specs and 37.355 are impacted for the core part. The workload for the introduction of B2a and B3I would be very small, which needs, most likely, one email discussion for companies to review and approve the new parameters for B2a and B3I signals without the need for online discussion. LTE part can be finished via TEI17 or a very small LTE WI by one CR for TS 36.305, which just adds the references about these two signals. So from our point of view Alt 2 is preferred.
[bookmark: p9]Proposal 8. Define and specify the following enhancements of A-GNSS positioning in Rel-17 NR positioning enhancements WI:  
· the support for BDS B2a signal
· the support for BDS B3I signal
· the support for NavIC to NR

[bookmark: p10]Proposal 9. TEI17 or a very small LTE WI can be used to introduce B2a and B3I signals in A-GNSS in LTE.  

[bookmark: _Toc54552970][bookmark: _Toc54553092][bookmark: _Toc48211480][bookmark: _Toc32744983]Summary
In this contribution, we presented our views on the Rel-17 NR positioning enhancements WI scope with the following proposals.
Proposal 1. Further study, and if needed, specify the following enhancements in Rel-17 NR positioning enhancements WI for improving NR positioning accuracy: 
· the information reporting from UE/gNB for multipath/NLOS mitigation 
· the aggregation of DL PRS resources and UL SRS resources for positioning.
Proposal 2. Define and specify the following enhancements in Rel-17 NR positioning enhancements WI for reducing positioning latency:
· Signaling & procedures for reducing NR positioning latency, including DL and DL+UL positioning methods, which may include the following aspects:
· Latency reduction related to the measurement gap
· 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)
· 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)
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network)
Proposal 3. Define and specify the following enhancements in Rel-17 NR positioning enhancements WI for NR positioning in RRC_INACTIVE:
· Reporting of DL-PRS measurement and/or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE for both UE-based and UE-assisted positioning solutions
· 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)
Proposal 4. Define and specify the following enhancement in Rel-17 NR positioning enhancements WI:
· Perform DL positioning measurements in RRC_IDLE state and report the DL-PRS measurement and/or location estimate performed in RRC_IDLE when the UE is reconnected  
Proposal 5. Define and specify the following enhancements in Rel-17 NR positioning enhancements WI for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions:
[bookmark: _GoBack]- UE-initiated request of on-demand DL-PRS transmission
-	LMF Initiated on-demand control of DL-PRS transmission
Proposal 6. Define and specify the signalling and procedures for GNSS positioning integrity determination in Rel-17 NR positioning enhancements WI, which may include the following aspects:
· The assistance information to support integrity determination;
· The information to provide the positioning integrity KPIs and integrity results.
· Support of integrity for UE-Based and UE-Assisted A-GNSS positioning.
 Proposal 7: Both B2a and B3I signals should be introduced in A-GNSS in 4G and 5G in Rel-17.
Proposal 8. Define and specify the following enhancements of A-GNSS positioning in Rel-17 NR positioning enhancements WI:  
· the support for BDS B2a signal
· the support for BDS B3I signal
· the support for NavIC to NR
Proposal 9. TEI17 or a very small LTE WI can be used to introduce B2a and B3I signals in A-GNSS in LTE.  
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