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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], including the RAN1-centric objective of improving the accuracy of UL AoA based positioning solutions. In this contribution, we will discuss a few issues of the UL AoA based positioning methods and then present our views on potential enhancements to address those issues. 

2. UL-AoA for Linear Array
On the issue of UL-AoA reporting for linear array antennas, we made the following agreement to report the ZoA relative to the linear array axis: 
	Agreement:
· The following option is supported to enhance signaling of UL-AOA measurement report in case of a linear array
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction
· UL-AOA signalling details for support of Option 2 are left up to RAN WG3


In addition to the ZoA relative to the linear array axis, the TRP is also able to estimate the rang of angle arrival of the UE in the plane that is vertical to linear array axis. An example is shown Figure 1. For instance, the TRP can estimate that based on the deployment of antenna orientations. That can provide further information to improve the angle estimation.



Figure 1
To implement this function, the TRP can report an range of estimated AoA in addition to the ZoA for a linear array.
[bookmark: _Hlk71485372]Proposal 1: For linear antenna array, in addition to the ZoA relative to the z-axis, the TRP also reports an estimated range of AoA.

3. Assistance Information for UL-AoA 
Regarding the assistance information for UL-AoA, the following agreement was reached:
	Agreement:
· Uncertainty range for expected UL AoA/ZoA is defined as follows 
· Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
· φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival
· Expected zenith angle of arrival as (θAOA - ΔθAOA/2, θAOA + ΔθAOA/2)
· θAOA - expected zenith angle of arrival, ΔθAOA – uncertainty range for expected zenith angle of arrival
· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication
· FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range) 


One FFS point is whether we shall support GCS only or support both GCS and LCS for flexibility of implementation. In our view, Alt2 shall be supported and the assistance information can be GCS or LCS.  The issue of signaling of AoA/ZoA assistance information for UL-TDOA and multi-RTT positioning methods was also discussed in previous meeting. In our view, providing AoA/ZoA assistance information for UL-TDOA and multi-RTT positioning methods is not needed. Some companies suggested that such information can help the TRP to choose better Rx beam. That is misunderstanding on multi-beam operation in NR system. Finding the ‘better’ beam can only be performed through beam management function. The Rx beam and the direction of one UE are two different concept.  Deriving the Rx beam based on expected AoA/ZoA could mess up the beam pair link that is supposed be obtained through beam measurement function.  In both UL-TDOA and multi-RTT methods, the TRP measures the time of arrivals of uplink signal. The TRP would find the first arrival path and then estimate the time arrival no matter what the angle of arrival of that path is. Applying expected AoA and ZoA might even miss the real first arrival path. 
[bookmark: _Hlk71485496]Proposal 2: Support Alt 2 (i.e., supporting both GCS and LCS) for signaling UL AoA/ZoA assistance information.
Proposal 3: Do not support providing UL AoA/ZoA assistance information for UL-TDOA and multi-RTT positioning method.
4. Enhancements for UL-AoA measurement report
In the UL-AoA positioning method, the location of one UE is estimated based on the angles of arrival at multiple TRP. An example is shown in Figure 1. Every TRP estimates the UL angle of arrival of one UE, which can be conducted through measuring uplink signal sent by the UE. Multiple TRPs report the measurement results of angle of arrival to the LMF, which then can calculate the location of one UE based on the UL angle of arrival measurements of multiple TRPs.


Figure 2

As shown in Figure 2, the TRP 1 measures the UL AoA of UE-A and report the measurement result  to the LMF and the TRP2 also measures the UL AoA of UE-A and reports the measurement result  to the LMF. The location of TRP1 and TRP2 are  and , respectively, which are known in the system. Then the location of UE-A:  is calculated as:

In release 16, SRS for positioning is specified. Different from normal SRS, the SRS for positioning can be configured with a spatial domain tx filter and pathloss RS that are associated with a TRP of neighbor cell. That can optimize the transmission of SRS for positioning purpose. 
The performance of UL AoA positioning depends on the quality of UL AoA measurement critically. The errors in UL AoA measurement would degrade the performance of positioning. One factor that would impair the performance of angle of arrival measurements in the multi path transmission. The LMF assumes the UL AoA measurement is the geometry angle between the TRP and the UE, i.e., the angle with respect to the LOS path between the UE and the TRP.  However, the reflections and detractions would impair such assumptions and thus impair the performance of UL AoA method.
[bookmark: _Hlk71485508]Observation 1: SRS transmission with multiple paths would impair the performance of UL AoA method.
One method to reduce the the negative impact of multi path is implementation-based method. The TRP can first detect the first arrival path and then estimate the UL AoA only from the first arrival path. If the TRP cannot find a valid first arrival path, the TRP would report non-valid UL AoA measurement to the LMF.
[bookmark: _Hlk70280694]Observation 2: Implementation-based solution at TRP can mitigate the impact of multi path: the TRP can first detect the first arrival path and then estimate the UL AoA only from the first arrival. 



Figure 3
Another issue of UL AoA method is related with FR2 system. The UE uses beam sweeping to transmit SRS resource for positioning. The UE transmits multiple SRS resources for positioning and applies different UE Tx beams on different SRS resources. Accordingly, the TRP could use different Rx beams to receive different SRS resources for positioning for the best beam pair link. Due to the reflection, diffraction and blockage, the beam pair link with best link quality (for instance largest RSRP) between the UE and one TRP might be a beam corresponding to some indirect path, instead of direct path. An example is shown in Figure 3, where the UE transmit SRS resource #1 and SRS resource #2 with two different Tx beams. Those two SRS resources are received with different best Rx beams. Due to the blockage on the path of SRS resource #1, the TRP sees the best beam pair link on the SRS resource #2 and obtains the best RSRP from the SRS resource #2. But the UL AoA measured from SRS resource #2 is not the correct angle of arrival. To resolve this issue, TRP/gNB can measure the UL AoA from the SRS resource with the smallest UL RTOA. In the example of Figure 2, the TRP first measures the UL RTOA of SRS resource #1 and #2. The SRS resource #1 would give us the smallest UL RTOA measurement. Then the TRP shall measure the UL AoA from the SRS resource #1.
[bookmark: _Hlk70280698]Observation 3: When multiple SRS resources for positioning from different Tx beams are received, TRP can use the SRS resource with smallest UL RTOA to measure UL AoA based on implementation.
In addition, more work may be done by LMF, which will require more specification efforts. In Rel-16 positioning, only one AoA information is transferred in one measurement result. One possible way to improve the current mechanism is that gNB/TRP reports more information to LMF, e.g., multiple AoA information rather than single AoA information. Moreover, some timing-based measurements or RSRP measurement can also be included to facilitate LMF. When LMF receives such kind of additional measurement results, LMF can decide which AoA information to be used for the location determination by joint consideration of all received measurement results. This approach will require some enhancement of signaling and more standardization efforts. 
[bookmark: _Hlk70280703]Observation 4: More information can be transferred to LMF for facilitate the improvement of UL-AoA positioning, including multiple angle of arrivals estimation, associated UL-RTOA and associated SRS-RSRP

In RAN1#104-e meeting, the issue of UL AoA measurement reporting was discussed and the following agreement was reached:
	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 


As discussed above, it is preferred to estimate the angle of arrival from the first arrival path in one SRS resource. Furthermore, in FR2 system, the TRP can measure multiple SRS resources and from each SRS resource, the TRP can estimate one UL AoA measurement of the first arrival path. For each of those UL AoA measurement, the TRP can also report the related RTOA measurement and the SRS-RSRP measurement. 
As specified in release 16, the TRP can report multiple measurement quantities in one positioning measurement message and each measured quantity can be one of the UL AoA, SRS-RSRP, UL RTOA or gNB Rx-Tx time difference, as shown in Table 1. The drawback of current specification is the TRP is not allowed to report multiple UL measurement quantities measured from the same SRS resource.
Table 1: TRP measurement result reporting
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..127)
	

	>>UL RTOA
	M
	
	9.2.39
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	


Therefore, we propose to enhance the TRP UL reporting to allow the TRP to report multiple measurement quantities of one same SRS resource to enhance the performance of UL AoA measurement.
[bookmark: _Hlk70280716]Proposal 4: Support the TRP to report the UL AoA measurement, SRS-RSRP measurement and UL RTOA measurement of one same SRS resource and the TRP can report those measurement of multiple SRS resources 
One FFS point is whether supporting reporting UL AoA of other paths. In our view, if TRP reports the related UL RTOA measurement, we do not need to differentiate whether the UL AoA is estimated from the first path or other paths.
[bookmark: _Hlk70280721]Proposal 5: The reported UL AoA, UL RTOA and SRS-RSRP can be measured from the first path or other path of one SRS resource.
5. Conclusions
In this contribution, we investigate some issues which have impact on the performance of UL-AoA positioning and also discuss various approaches for enhancing the UL-AoA positioning. Accordingly, the following observations and proposals were made:
Proposal 1: For linear antenna array, in addition to the ZoA relative to the z-axis, the TRP also reports an estimated range of AoA.
Proposal 2: Support Alt 2 (i.e., supporting both GCS and LCS) for signaling UL AoA/ZoA assistance information.
Proposal 3: Do not support providing UL AoA/ZoA assistance information for UL-TDOA and multi-RTT positioning method.
Observation 1: SRS transmission with multiple paths would impair the performance of UL AoA method.
Observation 2: Implementation-based solution at TRP can mitigate the impact of multi path: the TRP can first detect the first arrival path and then estimate the UL AoA only from the first arrival. 
Observation 3: When multiple SRS resources for positioning from different Tx beams are received, TRP can use the SRS resource with smallest UL RTOA to measure UL AoA based on implementation.
Observation 4: More information can be transferred to LMF for facilitate the improvement of UL-AoA positioning, including multiple angle of arrivals estimation, associated UL-RTOA and associated SRS-RSRP
Proposal 4: Support the TRP to report the UL AoA measurement, SRS-RSRP measurement and UL RTOA measurement of one same SRS resource and the TRP can report those measurement of multiple SRS resources 
Proposal 5: The reported UL AoA, UL RTOA and SRS-RSRP can be measured from the first path or other path of one SRS resource.
6. Reference
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