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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper presents our views on updated scope of the Rel-17 positioning WI, following RAN2 completion of the positioning enhancement study item. In addition, it was agreed in RAN#90-e that the existing scope in [2] can be also be updated with the conclusion of SI.

2. TR status
During RAN2#113-e, RAN2 did not provide any TP to the conclusion section of the latest TR [1]. The situation is summarized in Appendix section of this paper. In particular, the affected objectives include:
· Positioning in RRC_IDLE/INACTIVE
· Latency reduction enhancements
· On-demand PRS
· Positioning integrity
We would suggest to clarify that for including the enhancements into the WID, the items not included in the section 11 (Conclusions) of the TR, but explicitly recommended in the section 10 (Identified NR impacts in Rel-17), should be treated as conclusion of the recommendation from RAN2.

3. New objective proposals
3.1	RRC_IDLE/INACTIVE positioning
In this section, we discuss on the prospects of normative work in R17 positioning for RRC_IDLE/INACTIVE.
3.1.1		Justification for Positioning in RRC_IDLE/INACTIVE
In R16, 3GPP has defined 5G positioning for UE in RRC_CONNECTED, where both UL-SRS transmission and DL-PRS measurement and reports are performed in RRC_CONNECTED. However, the positioning procedures do not have to be associated with the RRC state of the UE or have to be performed in RRC_CONNECTED. For instance, when the UE transmits UL-SRS and not performing data transmission, there is actually no need for the UE to stay in RRC_CONNECTED performing PDCCH monitoring, etc. Hence, the main motivation for RRC_IDLE/INACTIVE positioning is that UE does not need to be forced to stay in RRC_CONNECTED for positioning and the UE power can be saved by not performing redundant procedures for positioning in RRC_CONNECTED. 
Supporting positioning for UE in RRC_IDLE/INACTIVE could reduce UE power consumption, but this does not mean that we have to sacrifice positioning accuracy. From the perspective of IIoT use cases, the same requirement for positioning accuracy is also expected for positioning UE in both IDLE/INACTIVE as in RRC_CONNECTED. The bandwidth for positioning reference signal could be up to 100MHz (non-CA scenarios) to meet the positioning accuracy requirements (such as 0.2m@90% for IIOT use cases) in R17 [1] as UEs in RRC_CONNECTED and we expect the same thing for RRC_IDLE/INACTIVE.
Observation: Rel-17 targets the same requirement of positioning accuracy for positioning in RRC_IDLE/INACTIVE as in RRC_CONNECTED.

3.1.2		Positioning in RRC_INACTIVE
First, during the SI phase for UL positioning in RRC_INACTIVE, the conclusion is that UL positioning has been generally recommended for normative work in the WI phase. For configurations, it is needed for RAN2 to specify how the configuration for the reference signals for positioning should be delivered to the UE for usage in RRC_INACTIVE. Then, after reference signal for positioning is transmitted, the gNB needs to perform measurement of the reference signal and then the measurement can be sent to LMF for location estimate. Since for RRC_INACTIVE, the CM state of the UE is still CM_CONNECTED and there is NG-AP connection between the UE and the AMF, there is no spec impact for supporting NRPPa messages transport to the LMF for UE in RRC-INACTIVE. 
Regarding selection between SRS and PRACH for the UL RS in RRC_INACTIVE, firstly we would like to note that during the study item, only SRS was adopted in the evaluation, and positioning with PRACH has not been studied in NR before. PRACH can be considered for E-CID positioning if E-CID enhancement is agreed in Rel-17, which should be a separated issue. Second, Rel-17 high accuracy targets are also applicable for positioning in RRC_IDLE/INACTIVE as discussed in Section 3.1.1, and only SRS is a proven technique in UL for reaching the target based on RAN1 evaluation. Therefore, we think that SRS should clearly be the baseline for UL-based positioning.
Proposal 1: For UL reference signals for RRC_INACTIVE, SRS should be the baseline.
Then, for DL positioning in RRC_INACTIVE, RAN1 has agreed that PRS reception and measurement in RRC_INACTIVE shall be supported.  RAN2 has agreed that several of the previous mechanisms for PRS configuration delivery can be reused for DL positioning in RRC_INACTIVE. Regarding the DL measurement/location estimate report in RRC_INACTIVE, in RAN2#113e, RAN2 has made the following working assumption that PRS measurement and/or location report can be supported by leveraging the small data transmission, which is another on-going work item in R17. 

Working assumption 
1. Support configuring of SRB1 and SRB2 for small data transmission for carrying RRC and NAS messages.
2. Upon initiating RRC Resume procedure for SDT initiation (i.e. for first SDT transmission), the UE shall also resume SRB2 that is configured for SDT, in addition to SDT DRBs that are configured for SDT
3. RAN2 recommends to include SRB2 in WID

With small data transmission in RRC_INACTIVE, the UE can send PRS measurement and/or location estimate to the network, hence it does not need to transit to the RRC_CONNECTED state. 
Based on the above discussion, we propose the following for DL, UL, and DL+UL positioning in RRC_INACTIVE for WI specification in R17. 
Proposal 2: Include the following RAN1 centric objectives:
· For DL and DL+UL positioning in RRC_INACTIVE [RAN1, RAN2, RAN4] 
· Specify the configuration of DL-PRS and procedures for DL-PRS reception [RAN2, RAN1]
· Specify the DL-PRS measurements [RAN4, RAN1]
· Specify the reporting of DL-PRS measurement and/or UE location estimate [RAN2]
Proposal 3: Include the following RAN1 centric objectives:
· For UL and DL+UL positioning in RRC_INACTIVE [RAN1, RAN2]
· Specify the configurations and procedures for SRS transmission [RAN1, RAN2]
· Specify gNB measurement for SRS transmitted by a UE in RRC_INACTIVE [RAN1]

3.1.3		Other objectives on RRC_IDLE/INACTIVE positioning
Positioning in RRC_IDLE
Based on the study in the SI phase, RAN1/2 has made the following agreement for positioning in RRC_IDLE.
	· NR positioning for UEs in RRC_IDLE state
· From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state.
· Note: This does not imply that measurements have to be reported in RRC_IDLE state.
· [RAN2 amendment in section 10.9]
· The following procedures are considered as feasible for DL positioning methods in RRC_IDLE:
· Reporting of DL-PRS measurement and/or location estimate performed in RRC_IDLE when the UE is in RRC_INACTIVE/RRC_CONNETED.



It can be observed that, for positioning in RRC_IDLE, only DL positioning is considered to be feasible while UL positioning is not recommended. Since the PRS measurement is related to RAN4 work where RRC state does not matter much, we suggest to go with unified requirement for PRS measurement for RRC_IDLE/INACTIVE to reduce RAN4 work.

RAT-independent positioning in RRC_IDLE/INACTIVE
In the current TR, the following has also been captured for the support of RAT-independent positioning in RRC_IDLE/INACTIVE.

	[bookmark: _Toc64286284]10.10 RAT-Independent positioning
RAT-Independent positioning in RRC_IDLE/INACTIVE is recommended for normative work. The exact procedures that can be supported for RAT-Independent positioning in RRC_IDLE/INACTVE can be further studied. 



Based on the above proposal, we also propose the following objective for positioning in IDLE/INACTIVE.

E-CID positioning in RRC_IDLE/INACTIVE
During the SI phase, RAN2 has also discussed the potential support of NR E-CID in RRC_IDLE/INACTIVE based on the framework of IDLE/INACTIVE RRM measurement enabled by eDCCA in R16. Since the RRM measurement has already been specified for IDLE/INACTIVE, the UE only needs to report the available RRM measurements to the network when the measurement report is triggered for UL/DL E-CID. Note that during the SI phase, the issue has already been discussed and the support of it is agreeable for the majority of the companies. 

Based on the discussion above, we propose the following objectives for positioning in RRC_IDLE/INACTIVE.
Proposal 4: Include the following RAN2 centric objectives:
· For DL positioning in RRC_IDLE [RAN2, RAN4]
· Study and specify, if needed, the reporting of DL-PRS measurement and/or location estimate in RRC_INACTIVE/CONNECTED. [RAN2]
· Study and specify, if needed, the DL-PRS measurement, with the aim of striving for a unified requirement with RRC_INACTIVE [RAN4]
· Specify support for RAT-independent positioning in RRC_IDLE/INACTIVE [RAN2]
· Study and specify, if needed, the support of NR E-CID for positioning in RRC_IDLE/INACTIVE. [RAN2]

3.1.4		High positioning accuracy in RRC_IDLE/INACTIVE
Since Rel-15 network has the choice to configure BWP#0 in SIB1 with a large BW or a small BW, the network should not be enforced to remove or reduce the ability of using a small BWP#0 for initial access in order to support high positioning accuracy for UEs in IDLE/INACTIVE. This is because the BWP#0 is essentially cell-specific and is common for all UEs involved in positioning and not involved in positioning. 
Therefore, for UE positioning in RRC_IDLE/INACTIVE with the same positioning accuracy as in RRC_CONNECTED, UE should be allowed in specifications to be configured with DL and UL positioning RS with larger bandwidth than BWP#0. 
Proposal 5:  Include the following RAN1 centric objectives:
· For UL, DL and UL+DL positioning in RRC_INACTIVE [RAN1, RAN2]
· Specify a separate positioning bandwidth configuration from the bandwidth of BWP#0. [RAN1, RAN2]
· Note: The details of the separate positioning bandwidth configuration from the bandwidth of BWP#0 is up to WG

3.2	Positioning accuracy enhancements in CONNECTED state
There still remain some enhancements for accuracy improvement that have been recommended from RAN1, and have not been included in the WID yet, including:
· Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation
· Aggregation of DL PRS and SRS for intra-band contiguous carrier aggregation
We consider both enhancements important for the target of 0.2m/0.5m@90% for IIOT use cases. This is because without those enhancements, the Rel-17 accuracy enhancement landscape on timing-based methods only includes fixing the non-ideal factors of UE/TRP group delay error, which is considered not present in the baseline during the study item. For the enhancements of angle-based positioning, we are not saying that angle-based positioning is lower priority, but timing based method is generally widely used, and the performance is not impacted by the UE-BS distance. Also, it is undesirable to claim that the accuracy requirement target is achieved only by a dense deployment with the Rel-16 techniques that were claimed to achieve 3m@80% in Rel-16 from TR 38.855.

Multipath reporting
Since Rel-16 already supports multi-path TOA measurement reporting, extending the multi-path measurement to angle and power is quite straightforward. The benefit is also clear as shown during the study item. In addition, RAN1 already made some progress (as placeholder) regarding multi-path enhancements in RAN1#104-e, listed after FFS in the following agreements. We would consider that RAN1 is already ready to include this in the WI.
	Agreement:
· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS: Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS: Further details of measurement and reporting
· Note: The reporting by gNB to the LMF is optional 
Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.



NLOS mitigation
Some companies may argue that NLOS mitigation can be supported by implementation-based methods, e.g. RAIM/RANSAC algorithm, but there exist scenarios where those implementation-based methods cannot work. One example is the reference device that RAN1 already agreed to mitigate UE/TRP Rx/Tx timing error as in the following agreement. 
	Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI



We could utilize the NLOS identification between the link of the reference device and a TRP, so that the Rx/Tx timing error can be reliably monitored. This cannot be replaced by implementation-based method, e.g. as there is no need to determine the location of the reference device. Even though the reference device can be placed with LOS condition to the TRPs, there could be temporarily blockage due to the change of the environment, so that the device/TRP could provide to the LMF with such information (as e.g. warning) based on signal processing.

Intra-band carrier aggregation for PRS/SRS
It was consensus that RAN4 could be involved in the study of the feasibility of such intra-band carrier aggregation. Note that RAN4 has not had any chance to investigate this issue at all during the SI phase. Therefore, it is desirable for RAN to approve this with the study phase during the WI.

In summary, we have the following proposal.
Proposal 6: Include the following RAN1 centric objectives:
· For positioning accuracy enhancements [RAN1, RAN4]
· Specify enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1]
· Study and specify, if needed, simultaneous transmission and reception of PRS and simultaneous transmission and reception of SRS on intra-band contiguous carriers for DL, UL, and DL+UL positioning [RAN4, RAN1]

3.3	Latency reduction
Regarding solutions for latency reduction, based on the results of the study item, there are 10 individual enhancements. Our views on the 10 items for latency reduction are provided below.
3.3.1		Enhancements for normative work
According to the current TR, the following enhancements have been recommended for normative work:
	The following enhancements of signaling & procedures for reducing NR positioning latency are recommended for normative work, including DL and DL+UL positioning methods  
· 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) [RAN2]



First, for the bullet on measurement gap enhancement, we think that the main component for the delay incurred by measurement gap is MG request and configuration by RRC. The specification impact is manageable. However, the work should be RAN4 centric and we can consider whether it can be merged with the existing RAN4 work item on measurement gap enhancement. From RAN1 perspective, the UE processing capability without configured MG, which were discussed in Rel-16 can be further defined.

Next, for the 2nd and 3rd bullet on measurement request/reporting and measurement time, the exact solutions for these enhancement still have not been well understood by the group and the potential gain still not clear. It should not be included until further study during the WI phase. For the enhancement on measurement time, the specification impact and how LMF can take advantage of this feature is also not clear.

Finally, for the bullet on reporting and request of positioning assistance data, this enhancement can be included as the continuation of the RAN2 study.

3.3.2		Enhancement for further study
Furthermore, according to the current TR, the following has been proposed for further study in the WI phase and specify if needed:
	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

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) [RAN2]
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network) [RAN2].



For the request and response of positioning assistance data, this enhancement should not be included due to insufficient study/evaluation during the SI. Regarding providing assistance data in lower layers than LPP, we already have broadcast posSIB. For MAC-CE or physical layers, we do not think that it is feasible. For requesting positioning assistance data, we already have on-demand SI for RRC_IDLE/INACTIVE and RRC_CONNECTED via msg-1 based or msg-3 based approached in Rel-16 targeting broadcast posSIB. It is not clear what else needs to be supported.

For aperiodic reception of the DL PRS from the TRPs of the serving gNB and neighbouring gNBs, this enhancement is preferably excluded. DCI-based aperiodic PRS triggering may have large specification impact, and the latency benefit may not be clear if the non-serving gNBs are involved. Even if it is included, it should be lower priority, and further study during the work item phase should strive to minimize specification impact and involved WGs. For semi-persistent reception of DL PRS from the TRPs of the serving gNB and neighbouring gNBs, this enhancement should not be included, as the latency reduction from using semi-persistent PRS is not clear. For the priority rules for reception of DL PRS, the priority of PRS reception should target priority between PRS and between PRS and data/other RS (for the cases without measurement gaps)

For the reporting of the measurements with CG, this has been discussed during previous RAN2 meetings. The general understanding is that the current CG procedure can be reused for reporting of PRS measurements. However, it needs to be discussed on what is missing on the support of measurement report and RAN2 can continue the study during WI phase and specify if needed. 

For UE positioning capabilities enhancements, RAN2 has discussed on this enhancement during RAN2#113e but consensus cannot be made on what specification impacts it has on RAN2 or RAN in general. We think that SA2/CT1/CT4 can trigger the related work if they consider the enhancement essential for reducing LCS latency and then RAN can study if there is any spec impact for RAN.

In summary, we have the following proposal regarding latency reduction enhancements.
Proposal 7: Include the following RAN2 centric objectives:
· For positioning latency reduction enhancements [RAN2, RAN1, RAN4]
· Specify enhancements on measurement gap for DL-PRS reception [RAN4, RAN1]
· Specify latency reduction related to the reporting and request of positioning assistance data 
· Location scheduling in advance of the time of when the location is needed [RAN2]
· Specify priority rules for the reception of DL PRS [RAN1]
· Study and if needed, specify latency reduction related to the reporting of the measurements via CG-based transmission [RAN2]

3.4	On-demand PRS
According to the recommendations from RAN1/2 during SI, on-demand DL PRS functionality is deemed beneficial for the improvement in accuracy, latency and efficiency.
From upper layers perspective by RAN2, the following conclusions have been made for on demand PRS.
	· 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 by RAN1 and RAN2 during WI phase.



We think that both UE-initiated and LMF initiated on-demand PRS can be included in the WI.
For the UE-initiated on-demand PRS, determination on parameters and related resource allocation subject to “dynamic” request can be carried out during the WI. RAN2 can take the lead, and RAN1 can provide input.
For the LMF-initiated on-demand PRS, LMF may decide on its own or receive assistance from UE (e.g. via UE-initiated on-demand PRS, UE RRM/Positioning measurement report, triggered event report in deferred MT-LR), and trigger the related procedure. RAN2 can take the lead, and RAN1 and RAN3 can provide input and implement it in the stage-3 specification.
In summary, we have the following proposal.
Proposal 8: Include the following RAN2 centric objectives:
· For on-demand PRS [RAN2, RAN1, RAN3]
· Specify UE-initiated on-demand PRS [RAN2, RAN1].
· Specify LMF-initiated on-demand PRS [RAN2, RAN1, RAN3].

4. Conclusions
This contribution mainly discusses our views for revised Rel-17 positioning work item scope for approval in RAN#91e, including the following proposals:
Observation: Rel-17 targets the same requirement of positioning accuracy for positioning in RRC_IDLE/INACTIVE as in RRC_CONNECTED.

Proposal 1: For UL reference signals for RRC_INACTIVE, SRS should be the baseline.

Proposal 2: Include the following RAN1 centric objectives:
· For DL and DL+UL positioning in RRC_INACTIVE [RAN1, RAN2, RAN4] 
· Specify the configuration of DL-PRS and procedures for DL-PRS reception [RAN2, RAN1]
· Specify the DL-PRS measurements [RAN4, RAN1]
· Specify the reporting of DL-PRS measurement and/or UE location estimate [RAN2]

Proposal 3: Include the following RAN1 centric objectives:
· For UL and DL+UL positioning in RRC_INACTIVE [RAN1, RAN2]
· Specify the configurations and procedures for SRS transmission [RAN1, RAN2]
· Specify gNB measurement for SRS transmitted by a UE in RRC_INACTIVE[RAN1]

Proposal 4: Include the following RAN2 centric objectives:
· For DL positioning in RRC_IDLE [RAN2, RAN4]
· Study and specify, if needed, the reporting of DL-PRS measurement and/or location estimate in RRC_INACTIVE/CONNECTED. [RAN2]
· Study and specify, if needed, the DL-PRS measurement, with the aim of striving for a unified requirement with RRC_INACTIVE [RAN4]
· Specify support for RAT-independent positioning in RRC_IDLE/INACTIVE [RAN2]
· Study and specify, if needed, the support of NR E-CID for positioning in RRC_IDLE/INACTIVE. [RAN2]

Proposal 5:  Include the following RAN1 centric objectives: 
· For UL, DL and UL+DL positioning in RRC_INACTIVE [RAN1, RAN2]
· Specify a separate positioning bandwidth configuration from the bandwidth of BWP#0. [RAN1, RAN2]
· Note: The details of the separate positioning bandwidth configuration from the bandwidth of BWP#0 is subject to WG

Proposal 6: Include the following RAN1 centric objectives:
· For positioning accuracy enhancements [RAN1, RAN4]
· Specify enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1]
· Study and specify, if needed, simultaneous transmission and reception of PRS and simultaneous transmission and reception of SRS on intra-band contiguous carriers for DL, UL, and DL+UL positioning [RAN4, RAN1]

Proposal 7: Include the following RAN2 centric objectives:
· For positioning latency reduction enhancements [RAN2, RAN1, RAN4]
· Specify enhancements on measurement gap for DL-PRS reception [RAN4, RAN1]
· Specify latency reduction related to the reporting and request of positioning assistance data 
· Location scheduling in advance of the time of when the location is needed [RAN2]
· Specify priority rules for the reception of DL PRS [RAN1]
· Study and if needed, specify latency reduction related to the reporting of the measurements via CG-based transmission [RAN2]

[bookmark: _GoBack]Proposal 8: Include the following RAN2 centric objectives:
· For on-demand PRS [RAN2, RAN1, RAN3]
· Specify UE-initiated on-demand PRS [RAN2, RAN1].
· Specify LMF-initiated on-demand PRS [RAN2, RAN1, RAN3].
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6. Appendix
A full list of the recommendations from RAN1 and RAN2, by merging the conclusion section (section 11) and section 10 of the latest TR 38.857 [1], is provided below. Note that the highlighted part was from the respective subsections of section 10 based on RAN2 progress in RAN2#113-e.
	· NR positioning for UEs in RRC_INACTIVE state, including
· 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
· [RAN2 amendment in section 10.1]
· 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)

· On-demand transmission and reception of DL PRS, which includes at least 
· 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.
· [RAN2 amendment in section 10.2] 
· 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 by RAN1 and RAN2 during WI phase.

· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or gNB Rx/Tx timing delays, including
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· The enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of 
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions
· 
· The enhancements of signalling & procedures for reducing NR positioning latency, including DL and DL+UL positioning methods. The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· the measurement gap
· the measurement request and reporting (e.g., via RRC signalling, MAC-CE and/or physical layer procedure, and/or priority rules)
· the measurement time
· [RAN2 amendment in section 10.8]
· 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]

· RAT-independent positioning in RRC_IDLE/INACTIVE state
· [RAN2 amendment in section 10.9]
· RAT-Independent positioning in RRC_IDLE/INACTIVE is recommended for normative work. The exact procedures that can be supported for RAT-Independent positioning in RRC_IDLE/INACTVE can be further studied.



The following items are recommended with further study during the normative phase.
	· Simultaneous transmission by the gNB and aggregated reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs

· Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers

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

· 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

· 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

· Enhancements of signalling & procedures for reducing NR positioning latency related to
· the request and response of positioning assistance data (e.g., via RRC signalling, MAC-CE and/or physical layer procedure)
· the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
· [RAN2 amendment in section 10.8]
· Latency reduction related to the reporting of the measurements (e.g., CG-based transmission) [RAN2]
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network) [RAN2].




The following item is feasible from RAN1/RAN2 perspective.
	· NR positioning for UEs in RRC_IDLE state
· From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state.
· Note: This does not imply that measurements have to be reported in RRC_IDLE state.
· [RAN2 amendment in section 10.9]
· The following procedures are considered as feasible for DL positioning methods in RRC_IDLE:
· Reporting of DL-PRS measurement and/or location estimate performed in RRC_IDLE when the UE is in RRC_INACTIVE/RRC_CONNETED.




