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Introduction
The Rel-17 NR positioning enhancements WID was agreed upon during the RAN#90-e meeting [1] with a focus on satisfying the positioning target requirements and specifying corresponding enhancements/solutions defined for IIoT and commercial scenarios. The following WID objectives were outlined under the scope of RAN1:
	· 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]
a. UL AoA for network-based positioning solutions.
b. 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.


During the previous RAN1#104-e meeting [2], the following agreements were reached to further progress on DL-AoD positioning enhancements in an effort to improve positioning accuracy.
	Agreement:
For UE-assisted DL AOD, select one of the following options for reporting of RSRP measurements per TRP
· Option 1: Up to 8 measurements in a measurement report (as in release 16) 
· Option 2: Up to 8 measurements in a measurement report, for the same Rx beam index
· Option 3: Up to N>=8 measurements
· Note: Multiple measurements corresponding to different Rx Beam index may be  reported for a given PRS resource. 
· FFS: value for N.
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.
Agreement:
For UE-assisted DL-AOD positioning method, study the following options to enable the UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report:
· Option 1: UE can be requested to measure and report on specific PRS resources 
· Option 2: Enhancing the assistance data to identify adjacent beams
· Option 3: Enhancing the reporting to include the measurements of adjacent beams
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams
· Note: Depending on the discussion results, none/one/multiple of above options may be adopted in Rel-17


This contribution builds on some of the previous agreements and provides a further discussion on the potential enhancements related to DL-AoD positioning.
UE-assisted DL-AoD Reporting
One of the discussed and agreed aspects during the previous RAN1#104-e meeting was to down-select among the following three options for enhancing the DL-AoD reporting of DL-PRS RSRP measurements: 
· Option 1 of reporting up to 8 RSRP measurements across all UE Rx beam indices implies that no further enhancement on DL-PRS are required and maintains the status quo in terms of current reporting DL-PRS measurement support. 
· Option 2 of reporting up to 8 RSRP measurements per Rx beam index aims to resolve the limitation in reporting 8 RSRP measurements across 8 different Rx beams as indicated by the nr-DL-PRS-RxBeamIndex-r16 IE.
· Option 3 takes another approach whereby N>=8 measurements of a given DL-PRS resource made with different Rx beam indices can be reported in a single measurement report.
Option 2 aims to increase the flexibility of the DL-AoD procedure in reporting up to 64 DL-PRS RSRP measurements across all 8 Rx beams to the LMF. An issue may arise where depending on the spatial direction of the TRPs of a gNB and orientation of a static UE, only a subset of Rx beams aligned to the TRP will be used to measure the DL-PRS RSRP. In the case of dynamic changes in orientation different beams may be used to potentially measure the same set of DL-PRS resources, which may be already covered by Option 3. It is also unclear if there would be a scenario whereby all 64 DL-PRS RSRP measurements would be reported to the LMF at any given time and if there would be any implications on reporting overhead.
Observation 1: Only a subset out of the total of 8 Rx beams would be used in a DL-AoD positioning use case with a single gNB depending on TRP(s) and UE’s static orientation and it is unclear if reporting of all 64 DL-PRS measurements supported by Option 2 will ever take place and if there are any reporting overhead implications. 
We generally supportive of Option 3, if the common understanding is that the Option 3 note refers to a single reporting of multiple measurement instances of a DL-PRS RSRP across different Rx beams, then this option has been already discussed in some context within the agreements made in the parallel AI 8.5.1 [2] relating to: 
	Agreements in AI 8.5.1 Accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning


Observation 2: Option 3 overlaps with the parallel agreements made in AI 8.5.1 on single measurement reporting.
In addition, the FFS value of N measurements may be discussed jointly with the agreements made in AI 8.5.1. 
Proposal 1: Support Option 3 of the agreements related to enhancing the DL-AoD reporting of DL-PRS RSRP measurements and this is to be further jointly discussed with the agreements made in AI 8.5.1 on single measurement reporting. 
Mitigation of multipath/NLOS for DL-AoD methods
The DL-AoD positioning technique is essentially dependent on the UE DL-PRS RSRP measurements made per beam/TRP, coupled with the knowledge of the gNB(s) spatial information of the DL transmissions and geographical coordinates of the TRPs in order to determine the UE’s location estimate. A potential issue may arise in relation to the computation of DL-AoD location estimates in scenarios with high prevalence of NLOS/multipath components (e.g. indoor factory with dense clutter), i.e. the UE may report DL-PRS RSRP measurements based on TRPs, which may be ambiguous to the LMF due to multipath components and therefore this may contribute to an increase in overall positioning error (see Figure 1). 


[bookmark: _Ref61858826]Figure 1: Effect of NLOS beams on ambiguous DL-PRS RSRP measurements (UE-assisted)

Since the UE (UE-based) or LMF (UE-assisted) maps the measured RSRP values to the provided spatial information from the gNB(s), there may be ambiguity between the RSRP measurement value(s) affected by NLOS beams or multipath components (e.g. reflections) and the spatial information at the gNBs, which affects the DL-AoD estimate. Additionally, in dynamic scenarios such as IIoT environments, the blockages can be time-varying (e.g. movement of people and objects) in addition to being static. Blockages along the azimuth and elevation plans should also be considered. 

Observation 3: NLOS/multipath effects may cause ambiguities in the DL-PRS RSRP measurement report for static and dynamic blockages, especially in IIoT scenarios.

Potential enhancements should be studied to mitigate the effects of ambiguities in the RSRP measurements, especially in the cases of UE-assisted and UE-based DL-AoD methods. These may include side information indicating that RSRP measurements are affected by either NLOS/multipath components and/or additional measurements (e.g. timing-based) to complement the DL-PRS RSRP measurements and help assist the UE/LMF in mitigating such impairments when computing the DL-AoD location estimate. Examples of side information may include UE reporting of LOS/NLOS indicator in order to assist the LMF with additional information on DL-RSRP measurement that have not been impacted multipath/NLOS effects.
Additionally, measuring the RSRP within a certain periodic window of duration ‘T’ can capture underlying effects of the NLOS blockages, which can also be taken into account by the LMF.

Observation 4: Reporting RSRP side information, e.g. LOS/NLOS indicator may assist the LMF in identifying the beams which have not been impacted by multipath/NLOS.

Proposal 2: Support UE reporting of RSRP side information, e.g. LOS/NLOS indicators within configured time window ‘T’,  to mitigate effects of multipath/NLOS on DL-RSRP measurements.

According to FL’s summary [3] it was concluded that that RAN1 will wait for a WID update at the next RAN plenary before revisiting the issue of LOS detection support. The updated WID, which was finalised during the RAN#91-e [4] contains the following updated objective:
	Updated WID objectives [4]:
Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]



Based on the updated WID objective we propose the following way forward with two options to continue to investigate enhancements in order to mitigate multipath/NLOS effects for DL-AoD methods.
1. Option 1: Continue the discussion of the proposal based on the RAN1#104-e FL’s summary update (R1-2102093) meeting, which includes:
· For DL-AoD positioning method, UE can associate a measurement on a PRS resource with a report of LOS/NLOS state for the measurement 
· FFS: granularity of the state (binary indicator or soft metric)
2. Option 2:  Continue the discussion of multipath/NLOS mitigation under a common framework for all positioning methods including DL-AoD methods.

We are supportive of both discussions depending on available time and given that there is a common understanding that Option 1 also falls within scope of Option 2, if separately discussed based on the updated WID objective. 

Proposal 3: Continue to discuss techniques to mitigate multipath/NLOS effects for DL-AOD positioning based on the following options:
· Option 1: Continue the discussion of the proposal from the RAN1#104-e FL’s summary update (R1-2102093) meeting, which includes:
· For DL-AoD positioning method, UE can associate a measurement on a PRS resource with a report of LOS/NLOS state for the measurement 
· FFS: granularity of the state (binary indicator or soft metric)
· Option 2:  Continue the discussion of multipath/NLOS mitigation under a common framework for all positioning methods including DL-AoD methods.

Conclusion
The following observation were noted:
Observation 1: Only a subset out of the total of 8 Rx beams would be used in a DL-AoD positioning use case with a single gNB depending on TRP(s) and UE’s static orientation  and it is unclear if reporting of all 64 DL-PRS measurements supported by Option 2 will ever take place and if there are any reporting overhead implications.
Observation 2: Option 3 overlaps with the parallel agreements made in AI 8.5.1 on single measurement reporting.
Observation 3: NLOS/multipath effects may cause ambiguities in the DL-PRS RSRP measurement report for static and dynamic blockages, especially in IIoT scenarios.
Observation 4: Reporting RSRP side information, e.g. LOS/NLOS indicator may assist the LMF in identifying the beams which have not been impacted by multipath/NLOS.
Based on the discussion, the following proposals are summarized as follows:
Proposal 1: Support Option 3 of the agreements related to enhancing the DL-AoD reporting of DL-PRS RSRP measurements and this is to be further jointly discussed with the agreements made in AI 8.5.1 on single measurement reporting.

Proposal 2: Support UE reporting of RSRP side information, e.g. LOS/NLOS indicators within configured time window ‘T’, to mitigate effects of multipath/NLOS on DL-RSRP measurements.

Proposal 3: Continue to discuss techniques to mitigate multipath/NLOS effects for DL-AOD positioning based on the following options:
· Option 1: Continue the discussion of the proposal from the RAN1#104-e FL’s summary update (R1-2102093) meeting, which includes:
· For DL-AoD positioning method, UE can associate a measurement on a PRS resource with a report of LOS/NLOS state for the measurement 
· FFS: granularity of the state (binary indicator or soft metric)
· Option 2:  Continue the discussion of multipath/NLOS mitigation under a common framework for all positioning methods including DL-AoD methods.
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