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Introduction
This contribution discusses Rel-17 NR positioning enhancements specifically in the UL-AoA (Angle of Arrival) based positioning solution.
Uplink positioning technique enhancement
Expected AoA/ZoA 
Expected AOA/ZOA is agreed as below for some benefits such as filtering NLOS path, reducing Rx beam sweeping in the previous meeting [1].
	Agreement:
NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AOA
· Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)
· FFS: Details of procedure for providing the assistance
FFS: Reference angle of expected AoA/ZoA


In the current specification, when LMF requests gNB/TRP to configure a positioning measurement, SRS resources including spatial relation information can be configured. It is up to the gNB to make the final decision on resources to be assigned. Likewise, it is natural that even though LMF configures expected AoA/ZoA, the decision about the information is up to gNB/TRP.
An Figure 1 shows the example of expected AoA/ZoA and uncertainty considering reference angle (direction).
[image: ]
[bookmark: _Ref61612671]Figure 1. An illustrative example of expected AoA/ZoA and uncertainty
Given a single expected AoA and ZoA, they can be interpreted differently depending on the reference direction (reference angle) and rotation as shown in the Figure 1.

Observation #1:
· Given a single expected AoA and ZoA, they can be interpreted differently depending on the reference direction (reference angle) and rotation

In this perspective, a clear notation of configuration should be considered. The simplest way is to apply the notation that used in configuration of azimuth angle for DL-PRS resource as shown in below (in TS37.355):
	For a Global Coordinate System (GCS), the azimuth angle is measured counter-clockwise from geographical North.
For a Local Coordinate System (LCS), the azimuth angle is measured measured counter-clockwise from the x-axis of the LCS.

For a Global Coordinate System (GCS), the azimuth angle is measured counter-clockwise from geographical North.
For a Local Coordinate System (LCS), the azimuth angle is measured measured counter-clockwise from the x-axis of the LCS.
Scale factor 1 degree; range 0 to 359 degrees


Likewise, we need to consider the interpretation of uncertainty, the Figure 1 also shows the different behavior of TRP depending on interpretation of uncertainty. If the angle expected AoA is the starting point (e.g. right side in Figure1), discussion on whether clockwise or counter-clockwise also need to be discussed. The other interpretation way is that median value (0, single value of uncertainty) can be used as shown in left side in Figure1. So, we need to discuss about details.

Observation #2:
· The sector of uncertainty can vary depending on interpretation (or start position) of configured uncertainty. 
Proposal #1:
· The details about configuration of uncertainty such as interpretation (or start position) need to be clarified.

UE beam refinement 
In case of angle based positioning measurement, the performance is significantly affected in accordance with beam alignment between gNB/TRP and UE. Practically, even though UE uses configured Tx spatial beam which is related with SRS resource, the Tx spatial beam used for transmission might be misaligned with LOS direction between UE and each TRPs. 
From LMF or TPR, if some additional information regarding refining beam is provided for UE, the performance of angle based measurement might increase. For this reason, we need to consider the additional information and related procedure in detail. Obviously, UE can adjust Tx spatial filter to align with the LOS direction if the UE knows both its location and the location of TRP for SRS resource. Based on this aspect, following some examples can be considered. 
The first example is that TRP or LMF directly provides UE with the location of both TRPs and UE, and then UE adjusts Tx spatial filter based on the information to align LOS direction. Here the location of UE might be the pre-calculated location of UE at LMF. The other example is that the TRP or LMF configure TRP id that is associated with SRS resource and the location of UE and then UE refines Tx beams in accordance with the above same way. In that case, TRP ID should be mapped with TRP information in DL PRS configuration.

Proposal #2: 
· For beam alignment between gNB/TRP and UE, following additional enhancement (procedure and/or signalling from LMF or gNB to UE) should be considered: 
· (the location of both TRPs and UE) or (TRP ID and the location UE)
· Here the TRP ID should be mapped with TRP information in DL PRS configuration.
· Here the location of UE might be the pre-calculated location of UE at LMF. 
· Based on the above information, UE adjusts Tx spatial filter based on the information to align LOS direction. 

Path specific measurement report
For UL-AoA positioning method, each TRP reports the multiple measured quantities to the LMF and then the LMF calculates the location of UE based. In general, first arrival path is considered as crucial factors for angle based positioning method. In this regard, path specific reporting was agreed as shown below:

	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


From a practical point of view, we think that supporting multiple measurements for additional paths has advantage in the case of N-LOS scenario. In this point of view, if the information of timing delay for each path is not accompanied in the measurement report, we think that it doesn’t have a clear reason to allow gNB to report additional measurement results for additional paths. So, we should consider timing delay information for each path if reporting multiple measurements for additional paths is supported. 

Observation #3:
· Providing multiple measurements for additional paths has advantage in the case of N-LOS scenario. 
Proposal #3:
· Timing delay information for each path should be provided when reporting multiple measurements for additional paths is supported. 

In the current specification, one or more result values (e.g. AoA, UL SRS-RSRP, UL RTOA, UL Rx-TX time difference) can be contained in the one positioning measurement message and each result vales has single value. 
The reported angle of AoA can be obtained through different way such as the averaged angle of multi-paths, the angle of the first path, or the angle of any path and there is no requirement for decision. If path specific reporting is supported, the simplest way is to deliver multiple AOAs in accordance with the number of reported paths. However, we need to consider other measurements (e.g., UL SRS-RSRP, UL RTOA, gNB Rx-Tx time difference) since each values are at least obtained within same time stamp. For this reason, if path specific reporting of AOA is supported, at least path specific reporting for the UL SRS-RSRP also needs to be considered since the value also can be used for the LMF to calculate location of the UE. Furthermore, we think that each reported path in different measurement should be same because LMF can use it to estimate location of the UE and the performance obtained from this way might be better. 

Observation #4:
· If path specific reporting of AOA and SRS-RSRP is supported, LMF can use it to estimate/calculate location of the UE and the performance obtained from this way might be better.
Proposal #4:
· At least path specific reporting for the UL SRS-RSRP is adopted. The reported paths in different measurement (UL-AOA, UL SRS-RSRP) should be same if it is supported.

Enhancement of measurement report for linear array antenna
Some companies were concerned about mismatching between actual AoA and estimated AoA when gNB/TRP with linear antenna array and UE are located at different heights. Regarding this, following was agreed in the previous meeting [1]. 
	Agreement:
· Further study which option is used to potentially enhance signaling of UL-AOA measurement report in case of a linear array antenna
· Option 1: gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system
· 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
Other options are not precluded from the study


The problem is the limitation from nature characteristic of linear antenna array. We think that the fundamental problem cannot be solved, but we believe that smart LMF is able to track/estimate of angle satisfactorily by using the stored data that is obtained from different TRPs at different time. In our understanding, the finding the solution such as above seems the same as decision/calculation technique. So, based on current specification [2], we think that it should be treated as implementation issue at LMF since the specific of any UL-AoA positioning methods or techniques used to estimate the UE's location are beyond the scope of specification. 
 
Observation #5:
· For measurement report of AoA in case of linear antenna array, the ambiguity between real AoA and estimated AoA seems to be an implementation issue at LMF. 

Conclusion
In this contribution, we have discussed potential enhancements for UL-AOA positioning in Rel-17, and our observations and proposals are summarized below. 
Expected AoA/ZoA
Observation #1:
· [bookmark: _GoBack]Given a single expected AoA and ZoA, they can be interpreted differently depending on the reference direction (reference angle) and rotation
Observation #2:
· The sector of uncertainty can vary depending on interpretation (or start position) of configured uncertainty. 
Proposal #1:
· The details about configuration of uncertainty such as interpretation (or start position) need to be clarified.

UE Tx beam refinement
Proposal #2: 
· For beam alignment between gNB/TRP and UE, following additional enhancement (procedure and/or signalling from LMF or gNB to UE) should be considered: 
· (the location of both TRPs and UE) or (TRP ID and the location UE)
· Here the TRP ID should be mapped with TRP information in DL PRS configuration.
· Here the location of UE might be the pre-calculated location of UE at LMF. 
· Based on the above information, UE adjusts Tx spatial filter based on the information to align LOS direction. 

Path specific measurement report
Observation #3:
· Providing multiple measurements for additional paths has advantage in the case of N-LOS scenario. 
Proposal #3:
· Timing delay information for each path should be provided when reporting multiple measurements for additional paths is supported.
Observation #4:
· If path specific reporting of AOA and SRS-RSRP is supported, LMF can use it to estimate/calculate location of the UE and the performance obtained from this way might be better.
Proposal #4:
· At least path specific reporting for the UL SRS-RSRP is adopted. The reported paths in different measurement (UL-AOA, UL SRS-RSRP) should be same if it is supported.

Enhancement of measurement report for linear array antenna
Observation #5:
· For measurement report of AoA in case of linear antenna array, the ambiguity between real AoA and estimated AoA seems to be an implementation issue at LMF. 
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