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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], which only includes the following RAN1-centric objectives:
	[bookmark: _Hlk57059510][bookmark: _Hlk30969040]RAN1 centric objectives:
· 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.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


In this contribution, we will discuss the current issues of UL AoA positioning and present our views on potential enhancements to address those issues. 
2. Enhancements for UL AoA method
In UL-AoA positioning method, each TRP estimates the UL angle of arrival of one UE and then reports the measurement results to the LMF. The LMF calculates the location of one UE based on the UL angle of arrival measurements of multiple TRPs.


Figure 1

An example of UL-AoA positioning method is shown in Figure 1. As specified in Rel-16, 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:

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 UL AoA measurement is the NLOS paths.  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, in the environment with reflections and detractions, there would exist NLOS path(s) between the UE and the TRP, for instance in the scenarios of InF-SH and InF-DH. As specified in Rel-16, the UL AoA is measured based on the SRS for positioning transmitted from the UE.  To minimize the negative impact of NLOS on UL AoA measurement, the TRP can first detect the LOS and NLOS by implementation and then estimate the UL AoA only from the LOS path. If the TRP cannot find a LOS path, the TRP would report non-valid UL AoA measurement to the LMF.
Observation 1: In the environments with multiple paths, implementation-based solution at TRP/gNB can mitigate the impact of NLOS paths:
·  TRP can first detect the LOS and NLOS by implementation and then estimate the UL AoA only from the LOS path. 
· If the TRP cannot find LOS path, the TRP would report non-valid UL AoA measurement to the LMF



Figure 2
In 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 2, 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.
Observation 2: 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.
[bookmark: _GoBack]Another implementation-based solution is that the TRP can utilize more uniformly distributed antennas that can help further refining the resolutions of UL AoA measurement. With large number of uniformly distributed antennas, TRP/gNB can get better AoA estimation through various algorithms. 
Observation 3: Uniformly distributed antennas can be used at TRP to further improve the accuracy of UL AoA measurement.

The above-mentioned implementation-based solution focus on the RAN side. Alternatively, 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. 
Observation 4: More information can be transferred to LMF for facilitate the improvement of UL-AoA positioning. Some candidates of additional information are as bellow:
· Multiple AoA information 
· Associated UL-RTOA
· Associated SRS-RSRP
In summary, we have discussed two different approaches to enhance UL-AoA positioning. Each approach has its own advantages and disadvantages.

[bookmark: _Hlk60824122]Proposal 1: To improve the performance of UL AoA measurement, Rel-17 further studies and down-selects one of the following solutions:
· Implementation-based solution, e.g.,
· TRP only estimates the UL AoA from the LOS path. If the TRP cannot find LOS path, the TRP would report non-valid UL AoA measurement to the LMF
· When multiple SRS resources for positioning from different Tx beams are received, TRP uses the SRS resource with smallest UL RTOA to measure UL AoA
· ULA can be used at TRP to further improve the accuracy of UL AoA measurement
· More information can be transferred to LMF for facilitate the improvement of UL-AoA positioning, e.g.,
· Multiple AoA information 
· Associated UL-RTOA
· Associated SRS-RSRP

3. Conclusions
In this contribution, we investigate some issues which have impact on the performance of UL-AoA positioning and also discuss two different approaches to enhance the UL-AoA positioning. The corresponding observations and proposal as below:
Observation 1: For the environment with multiple paths, implementation-based solution at TRP/gNB can mitigate the impact of NLOS paths:
·  TRP can first detect the LOS and NLOS by implementation and then only estimate the UL AoA from the LOS path. 
· If the TRP cannot find LOS path, the TRP would report non-valid UL AoA measurement to the LMF
Observation 2: 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 3: ULA can be used at TRP to further improve the accuracy of UL AoA measurement.
Observation 4: More information can be transferred to LMF for facilitate the improvement of UL-AoA positioning. Some candidates of additional information are as bellow:
· Multiple AoA information 
· Associated UL-RTOA
· Associated SRS-RSRP
Proposal 1: To improve the performance of UL AoA measurement, Rel-17 further studies and down-selects one of the following solutions:
· Implementation-based solution, e.g.,
· TRP only estimates the UL AoA from the LOS path. If the TRP cannot find LOS path, the TRP would report non-valid UL AoA measurement to the LMF
· When multiple SRS resources for positioning from different Tx beams are received, TRP uses the SRS resource with smallest UL RTOA to measure UL AoA
· ULA can be used at TRP to further improve the accuracy of UL AoA measurement
· More information can be transferred to LMF for facilitate the improvement of UL-AoA positioning, e.g.,
· Multiple AoA information 
· Associated UL-RTOA
· Associated SRS-RSRP
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