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In RAN# 91e meeting, a revised WID on NR Positioning Enhancements was approved [1]. From the angle-based positioning perspective, the WI includes the following objective:
	· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· [bookmark: _Hlk57059470]DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.  


In this contribution, we present our views on DL-AoD enhancement.
AoD enhancement with the first path
AoD enhancement with timing information
	RAN1#104b-e  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.



In this section, we only want to discuss option 3 besides option 1 in Rel-17 AoD enhancement. We acknowledge option 3 may be beneficial to identify the same path from multiple resources if multiple path RSRP(s) are reported for a resource. But, if only the first path RSRP is introduced for one resource, the remaining issue is how to ensure the path power from multiple resources is from to a path. The issue can be resolved by UE implementation that UE knows the arrival time. 
	TS 38305 4.3.12	DL-AoD positioning
The DL-AoD positioning method makes use of the measured DL-PRS-RSRP of downlink signals received from multiple TPs, at the UE. The UE measures the DL-PRS-RSRP of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to locate the UE in relation to the neighbouring TPs.


In addition, based on the above definition and characteristics of AoD positioning, AoD positioning is to make use of the measured DL-PRS-RSRP for positioning. But if option 3 were agreed, given path RSRP is supported for DL-TDOA, the definition of DL-AoD positioning method will be changed and there is no difference between DL-TDOA and DL-AoD method. That is, for AOD positioning, the timing and path RSRP needs to be reported. And TDOA positioning is the same. We believe that case is not our intention.
	Agreement:
Support reporting the path RSRP for the first path and for additional paths as part of DL-TDOA, UL-TDOA, and multi-RTT reporting enhancements.
· FFS: Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
· FFS: Support of path RSRP for additional paths as part of DL-AoD. 



So, we propose reporting timing information and path RSRP together shouldn’t be supported by both DL-TDOA and DL-AoD. And we prefer not to introduce path timing and path RSRP together in DL AOD. 
Proposal 1: 
· Only support first path RSRP reporting in DL-AoD positioning, and reporting multipath RSRP(s) are not introduced in DL-AoD.
· Reporting timing information is not introduced in DL-AoD.
AoD enhancement with additional RSRP
	TS 38214 5.1.6.5
The UE may be configured to measure and report, subject to UE capability, up to 8 DL PRS RSRP measurements on different DL PRS resources from the same cell. When the UE reports DL PRS RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set.


According to the current specification [3], nr-DL-PRS-RxBeamIndex is only reported when at least 2 DL PRS-RSRP measurements of one set are associated with the same spatial domain filter for a reception. Thus, the impact of different Rx beams for DL PRS-RSRP is not fully taken into account. For example, the beam selection is not accurate without considering the impact of different Rx beams for adjacent DL PRS-RSRP, especially when the strongest DL PRS-RSRP and the adjacent DL PRS-RSRP are reported and without nr-DL-PRS-RxBeamIndex. That is, we cannot judge whether the difference of DL PRS-RSRP is caused by different Tx beams without the impact of Rx beams if the 2 DL PRS RSRP is measured by different Rx beams. 
In addition, in RAN1#106-e and  RAN1#106bis-e meeting, the following agreement has been reached. 
	Agreement:
· For UE-A DL-AOD, support reporting more than 8 DL PRS RSRP measurements per TRP.
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. 
· FFS: Limit the maximum number of DL PRS RSRP associated with the same Rx beam index
Agreement:
The agreement from RAN1#106e on the number of DL PRS RSRP measurements per TRP is extended as follows:
· For UE-A DL-AOD, support reporting more than 8 up to 16 N DL PRS RSRP measurements per TRP, where N is UE capability and candidate values include {16,24}.
· For UE-A DL-AOD, support reporting more than 8 up to 16 M first path PRS RSRP measurements per TRP, where M is a UE capability 
· FFS: Values of M. Candidate values include {2,4,8,16,24}.
· FFS: Whether M is always equal to N
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for same or different timestamps. 
Note: the maximum number of DL PRS RSRP associated with the same Rx beam index is up to the UE 


According to the note in the above agreement, multiple RSRPs corresponding to the same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. In this case, the Rx beam index can be reported for distinguishing the Rx beam index in the different timestamps. Once the Rx beam index is reported, it can also be used to distinguish whether the multiple resources used to calculate the AoD positioning corresponding to the same or different Rx Beam index. And in this subsection, 3,8,15 strongest RSRPs performance with the same and different Rx beam indexes are evaluated. It is observed that the performance of multiple RSRPs reporting with the same Rx Beam per TRP is better than with different Rx Beam for AoD positioning.
[image: ]
Figure 1 The performance of AoD with the same and different Rx beam
 Based on the above analysis and simulation, we propose.
Proposal 2: 
· To improve the accuracy of DL-AoD and to avoid the impact of Rx beam, support the following options:
·  The LMF requests a UE to report the Rx beam index for multiple DL PRS RSRP measurements from a TRP.
· The UE may report RxBeamIndex for a DL PRS RSRP measurement
· The maximum number of DL PRS RSRP to be reported per TRP is 16.
· The maximum number of path PRS RSRP to be reported per TRP is 16.
Beam/antenna information
In RAN1#106-e meeting, the following agreement has been reached. 
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· FFS: support of multiple levels of quantization
· FFS: how the report is constructed
· FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
· The gNB beam/antenna information can optionally be provided to the UE by the LMF 
· Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
· Send an LS to RAN2 & RAN3 with this agreement


Option 2.1 VS option 2.2
Firstly, for option 2.1 and option 2.2, in our view, the two options can work for providing beam and antenna information. But we doubt whether overhead reduction mechanisms of associated-dl-PRS-ID can be reused for option 2.2 given it not only requires the same beam shape, but the related angle also needs to be consistent for those resources in associated-dl-PRS-ID. If not, we prefer to choose option 2.1 and report the peak power of the resources together. 
[image: ]
Figure 2 Exemplary procedure of AoD enhancement with multiple beams
Proposal 3: 
· Choose one option for the beam/antenna information
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· Reporting the peak power of that resources together
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
Angle range and angle granularity
In our view, the angle range can be the maximum angle space of the TRP considering the case of beam shape for antenna elements separation  bigger than half-wavelength. In that case, it has multiple beams for one resource [4] [5], and then is difficult to restrict the multiple boresights in a fixed window. So, we propose the angle range can be [-90, 90] for omnidirectional antenna and [-60, 60] for a directional antenna.
[image: ][image: ]
Figure 3 Radiation pattern with antenna elements separation equals to two wavelength
In addition, for angle granularity, we evaluate the performance gain for different angle granularities (such as 0.5, 1, 2, 4 degrees) as figure 4. Based o the evaluation, it is observed that the 0.5/1 degree can be achieved sub-meter accuracy. And the performance will be improved with the granularity reduction. So, in our views, to balance the performance and overhead, multiple granularities can be supported, and 0.5/1 degree granularity should be supported at least for high accuracy positioning,
[image: ]
Figure 4 The positioning performance with different angle granularity

Proposal 4: 
· Support the following angle range and angle granularity for relative Power/Angle response
· [-90, 90] for omnidirectional antenna and [-60, 60] for directional antenna
· 	0 degree is represented as the boresight angle of the resource.
· Granularity angle can be 0.5, 1, 2, 4 degrees.
Meanwhile, the quantization accuracy of relative power can refer to the reporting range of differential PRS-RSRP is defined from -30 dB to 0 dB with 1 dB resolution in TS 38.133. And we evaluated the performance with quantization and non-quantization. Based on the evaluation, it is observed that legacy reporting range of differential PRS-RSRP in TS 38.133 can achieve sub-meter accuracy. 
[image: ]
Figure 5 The positioning performance with 1dB quantization and Non-quantization
Therefore, we propose
Proposal 5: 
· Support the quantization accuracy of relative power refer to the reporting range of differential PRS-RSRP is defined from -30 dB to 0 dB with 1 dB resolution as in TS 38.133
Construction for reporting and overhead reduction mechanisms
Considering 1 dimension construction for ULA relative Power /1D angle Table, and 2 dimensions construction for   UPA relative Power /2D angle Table, we propose reporting beam response information can be constructed as follows
	IE/Group Name
	Presence
	Range
	IE type and reference

	NR-PRS Beam Response Information
	
	1..< maxPRS-ResourcesPerSet >
	

	>NR PRS Zenith Range
	M
	1..< nrMax Zenith Range >
	INTEGER (0..179)

	> NR PRS Azimuth Range

	O
	1..< nrMax Azimuth Range >
	INTEGER (0..179)

	>> NR PRS Relative power
	M
	
	INTEGER (0..30)



Lastly, for the last FFS about overhead reduction mechanisms, we agree to reuse of associated-dl-PRS-ID as a way of signaling when 2 TRPs have the same beam information. Furthermore, the associated-PRS-resource-ID can be considered if 2 resources have the same beam information and different boresight angle.
Proposal 6: 
· Support reusing of associated-dl-PRS-Id for 2 TRPs have the same beam information 
· To consider associated-PRS-resource-ID for 2 resources have the same beam information and different boresight angle.
In addition, it is easily observed that the one resources overhead can be 1/0.51801/0.5180 8 if 0.5-degree granularity for a range of 180 degrees for both Azimuth and Zenith and with 8 bits per RSRP value. While option 1 in the previous agreement only needs 4 parameters (horizontal number of antennas, vertical number of antennas, dH, dV) for one resource. So, option 1 also can be an overhead reduced mechanism and without quantized method for DFT beam. And it is also helpful for the signaling overhead in UU for UE-based positioning.
Proposal 7: 
· Support reporting 4 parameters (horizontal number of antennas, vertical number of antennas, dH, dV) for one resource as an overhead reduced mechanism and without quantized method for DFT beam.
AoD enhancement with PRS resource selection
	Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  



The beneficial of PRS resource selection for performance
In the previous RAN1 meeting, some companies concern the benefits when the LOS link is blocked. We have shown performance improvement in the previous contribution [2]. In this section, we would like to further clarify the beneficial cases of PRS resource selection.
In our view, we can divide the LOS case into the following 3 cases based on LOS path RSRP as in Figure 6, and we would like to note the following thresholds are only used for explaining the use cases. 
· Case 1   , in this case, the LOS is the main component of the DL PRS-RSRP, the strongest beam is the yellow beam that corresponds to the LOS path direction and the second strongest beam(s) are the adjacent beam(s) of LOS path direction beam
· Case 2   , in this case, the strongest beam is also the yellow beam that corresponds to the LOS path direction, but the second strongest beam(s) is the path N direction beam.
· Case 3     in this case, the Path N direction beam is the strongest, in other words, the LOS direction Beam is not the strongest beam.


Figure 6 Exemplary use cases
We acknowledge the point made by some companies that only using the AoD method with adjacent beams cannot improve the performance of case 3. But we also didn’t find a significant performance deterioration compared with the strongest beam selection method since the LOS path RSRP is too small. In addition, using AoD method with adjacent beams can significantly improve the performance of case 1 and case 2 and are shown in Figure 7.  So, we believe it is worth introducing the method since it is beneficial for some use cases and without performance deterioration for other use cases.
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Figure 7 The performance of AoD enhancements with strongest DL PRS-RSRP and adjacent beam information
Besides, in the last meeting, some companies think it only benefits for the case Y<X that the set has X resources, but the UE supports reporting up to Y RRSPs. But the advantages are not only limited to the case. For example, For the Y>=X case, UE measures all the X resources that may take a longer time, the measured angle and RSRP may change in the duration because of scenario and UE movement. But for the adjacent beams method, the potential UE behavior may include the additional measurement for the best PRS resource and corresponding PRS resource used to ensure channel consistency if the first measurement duration is long to guarantee UE performance. 
Observation 1: 
· The performance of AoD enhancement with the 3 adjacent beams is better than AoD enhancement with the 8 strongest beams.
· The performance of AoD enhancement with the 3 adjacent beams can easily ensure channel consistency and then enhancing the performance.
The detailed signaling of PRS resource selection
	Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:
· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  
· Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 
· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams  



In the last RAN1 meeting, the following proposal is discussed. But some companies think it can be replaced by the expected AoD+borsight angle. In this section, we would like to present our views on the two methods.
	Proposal:
For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of prioritization of DL-AOD reporting:
· Subject to UE capability, a UE may include the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
· FFS: Details on the subset of PRS resources
· FFS: the impact of processing the subset of PRS resources
· Note: This does not imply any restriction on UE measurement 
· Note: The subset associated with a PRS resource may be in a same or different PRS resource set with the PRS resource.



Firstly, the subset method can be seen as a generic solution, it can be applied to all kinds of beams and should be adopted first rather than the expected AoD+boresight angle method which is a specific solution (it may only apply to some beam shapes). For example, based on the response of the following beams [4][6], it can be easily observed that the expected AoD+boresight angle method may not apply in the multiple beam response cases and may lead to missing the best resource. But the subset method can apply in all the beam shapes easily given the shape similarity between resources.
[image: ][image: ]
(Non-DFT beams) for UMI simulation scenario                    Beam response with 2 antenna spacing
Figure 8 Exemplary beam response shape
Secondly, we would like to note expected AoD is more like UE location-associated information and the angular information is more sensitive compared with timing information with UE movement, the validity and performance are difficult to guarantee. But in positioning assistance data, the majority of information is cell-specific information and can be broadcast in a cell. At that level, the subset method also is static information in a cell, which can be seen as cell-specific information. It is more suitable for broadcast positioning assistance data and does not require frequent updates.
Thirdly, there is no test case to guarantee the information of expected AoD. If the expected AoD is wrong information, how UE selects the adjacent beams to report is a problem. Besides, the update rate of expected AoD is much faster and the angular information is more sensitive with UE movement. And therefore, whether the information is useful for positioning is worth considering the update rate of expected AoD and the latency of positioning and periodicity of periodical positioning. For example, we evaluated the update rate based on the following two Trajectories. In Trajectory 1, the rate of change of angle related to the central TRP can be  if the UE speed is assumed as 1m/s.  



Figure 9 Expected DL-AoD/ZoD and uncertainty update rate for a different trajectory
Lastly, the expected AoD is determined by the direct direction and uncertain information, it seems unreasonable to further restrict it to consider beam response information. So it may not match the boresight angle that none beam in the window.
Therefore, we compare the two methods with their pros and cons in the following Table:
	
	Pros
	 Cons

	Expected AoD+borsight angle
	1. Small spec change
	1. May not apply in the multiple beam response cases
2. UE location-associated information, unicast only
3. High frequency to update
4. No guaranteed 

	Subset method
	1. Generic solution, it can be applied to all kinds of beams
2. Cell-specific information
3. No update needed in a cell
4.  Broadcast and unicast
	1. Some spec change
2. Signaling overhead, but it can be reduced by reusing of associated-dl-PRS-ID as a way of signaling when 2 TRPs have the same beam information


And for the issue that was mentioned during the email discussion to not mandate UE on what to report, we propose to add that LMF may request and UE optionally provided to deal with the issue.
So, we propose.
Proposal 8: [bookmark: _Hlk86327691]
· For UE-A DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources:
· Subject to UE capability, support the LMF to request a UE to optionally report the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
Conclusion
In this contribution, we discuss DL-AoD enhancements with the following observations and proposals:
Observation 1: 
· The performance of AoD enhancement with the 3 adjacent beams is better than AoD enhancement with the 8 strongest beams.
· The performance of AoD enhancement with the 3 adjacent beams can easily ensure channel consistency and then enhancing the performance.
Proposal 1: 
· Only support first path RSRP reporting in DL-AoD positioning, and reporting multipath RSRP(s) are not introduced in DL-AoD.
· Reporting timing information is not introduced in DL-AoD.
Proposal 2: 
· To improve the accuracy of DL-AoD and to avoid the impact of Rx beam, support the following options:
·  The LMF requests a UE to report the Rx beam index for multiple DL PRS RSRP measurements from a TRP.
· The UE may report RxBeamIndex for a DL PRS RSRP measurement
· The maximum number of DL PRS RSRP to be reported per TRP is 16.
· The maximum number of path PRS RSRP to be reported per TRP is 16.
Proposal 3: 
· Choose one option for the beam/antenna information
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· Reporting the peak power of that resources together
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
Proposal 4: 
· Support the following angle range and angle granularity for relative Power/Angle response
· [-90, 90] for omnidirectional antenna and [-60, 60] for directional antenna
· 	0 degree is represented as the boresight angle of the resource.
· Granularity angle can be 0.5, 1, 2, 4 degrees
Proposal 5: 
· Support the quantization accuracy of relative power refer to the reporting range of differential PRS-RSRP is defined from -30 dB to 0 dB with 1 dB resolution as in TS 38.133
Proposal 6: 
· Support reusing of associated-dl-PRS-Id for 2 TRPs have the same beam information 
· To consider associated-PRS-resource-ID for 2 resources have the same beam information and different boresight angle.
Proposal 7: 
· Support reporting 4 parameters (horizontal number of antennas, vertical number of antennas, dH, dV) for one resource as an overhead reduced mechanism and without quantized method for DFT beam.
Proposal 8: 
· For UE-A DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources:
· Subject to UE capability, support the LMF to request a UE to optionally report the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
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