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[bookmark: _Hlk38879917]In RAN1 #104 meeting, some agreements were achieved in [1]. There are still some remaining issues for further discussion. 
In this contribution, we present our views on the remaining issues for potential enhancements for UL-AOA method.
Remaining issues for UL-AoA
In this section, we analyse each of the remaining issues and give our preferred solutions
1.1 additional assistance signaling for UL-AoA measurements 
In RAN1 #104 meeting, the following agreements were achieved.
	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 our opinion, the expected AoA/ZoA and uncertainty ranges are indicated to help gNB to know the rough angle range that AoA/ZoA is expected to be searched, so that gNB can search the angle in this range to reduce the angle error. In TS 38.455 [2], the search window information for the TRP has been defined as the following, which includes 2 IEs, Expected Propagation Delay and Delay Uncertainty. We think these IEs have the same motivation as expected AoA/ZoA except that one is for timing and the other is for angle. Therefore, it is reasonable to contain expected AoA/ZoA and uncertainty ranges in the search window information. 
	IE/Group Name
	Presence

	Expected Propagation Delay
	M

	Delay Uncertainty
	M


In TS 38.214 [3], the expected RSTD has been defined to indicate UE the search window of RSTD, which is the time difference with respect to the received DL subframe timing the UE is expected to receive DL PRS. The expectedRSTD uncertainty defines a search window around the expected RSTD. The expected AoA/ZoA and uncertainty can be defined similar to the expected RSTD and expectedRSTD uncertainty for better understanding. In our opinion, the expected AoA/ZoA is the angle with respect to the reference angle, which indicated the estimated AoA/ZoA angle takes into account the a‑priori estimate of the target device location as well as the panel orientation of the target device and TRPs, and expected AoA/ZoA uncertainty defines a search window around the expected AoA/ZoA.
The target gNB may assume that the AoA/ZoA is searched within the angle search window of size [expected AoA/ZoA - uncertainty, expected AoA/ZoA + uncertainty], where R is the resolution factor considering the accuracy of angle searching.
The definition of reference angle can refer to the definition of UL AoA. In TS 38.215 [4], the definition of UL AoA is as the following, where the reference direction can be in both the global coordinate system (GCS) and the local coordinate system (LCS). In the GCS, the reference direction of AoA is the geographical North and is positive in a counter-clockwise direction, while in the LCS, the reference direction of AoA is x-axis of LCS and positive in a counter-clockwise direction. The reference of ZoA is also given in the following.
	Definition
	UL Angle of Arrival (UL AoA) is defined as the estimated azimuth angle and vertical angle of a UE with respect to a reference direction, wherein the reference direction is defined:
-	In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
[bookmark: _Hlk67404650]-	In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relatize to z-axis of LCS and positive to x-y plane direction. The bearing, downtilt and slant angles of LCS are defined according to TS 38.901 [15].
The UL AoA is determined at the gNB antenna for an UL channel corresponding to this UE.


[bookmark: _Hlk67475065]As far as we are concerned, the reference angle of expected AoA/ZoA should be defined as a reference direction just like UL AoA. LMF should send the expected AoA/ZoA and the reference direction together. Compared the two coordinate systems, we think the GCS is more appropriate. Since the LCS to GCS translation information is only provided in the NR-PRS Beam Information which is a downlink positioning IE and UL Angle of Arrival which is only reported after uplink measurement. LMF cannot acquire the LCS to GCS translation information before UL-AoA is reported. If the LCS should be supported, we suggest gNB to transmit the LCS to GCS translation information to LMF in TRP Information. However, the update of LCS coordinate system is also a problem, when the gNB adjusts its local coordinate system but not tell LMF in time, LMF may still provide expected AoA/ZoA in the old LCS, which will make a mistake.
Proposal 1: 
· The expected AoA/ZoA and uncertainty should be defined as the following:
· The expected AoA/ZoA is the angle with respect to the reference angle, which indicated the estimated AoA/ZoA angle takes into account the a priori estimate of the target device location as well as the panel orientation of the target device and TRPs.
· The expected AoA/ZoA uncertainty defines a search window around the expected AoA/ZoA.

Proposal 2: 
· The reference angle of expected AoA/ZoA should be defined similar to the reference direction as defined in UL-AoA.

Proposal 3: 
· Geographical North in GCS is more appropriate for the definition of reference angle of expected AoA/ZoA compared to x-axis in LCS.
· If the reference angle should be defined in LCS, support gNB to provide LCS to GCS translation information to LMF in TRP Information.

1.2 UL-AOA measurement report in case of a linear array antenna
In this section, we discuss the measurement report enhancement in case of a linear array antenna. The agreement was achieved as the following:
	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


For Option1, we think it can be understood as reporting a single angle which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system. However, the coordinate system is unclear, so it needs to define a new coordinate system and a new function, which will introduce new overhead and specification impact. For Option2, our interpretation is that it defines a new coordinate system based on the existing LCS, that is z-axis of LCS is defined along the linear array axis, then angle  can be seen as ZoA. 
The only problem of Option2 is that for UL-AoA reporting, AoA is mandatory and ZoA is optional, as in Table 1 in TS38.455 [2]. But in this case, only ZoA exists. We think a good way to solve this problem is that when the case is a linear array antenna and only ZoA exists, define a default value like Inf or an indication of invalid and report it as AoA. In this way, when LMF received AoA with the default value or invalid indication, and when the AoA and ZoA are all reported, LMF will know this is an ULA case and thus calculate the location as a ULA manner.
Table 1
	IE/Group Name
	Presence

	Azimuth Angle of Arrival
	M

	Zenith Angle of Arrival
	O

	LCS to GCS Translation
	

	>Alpha
	M

	>Beta
	M

	>Gamma
	M


Observation 1: 
· For potentially enhancing signaling of UL-AOA measurement report in case of a linear array antenna, Option2 has less specification impact compared to Option1.
[bookmark: _Hlk68182796]
Proposal 4: 
· Option2 should be chosen to enhance signaling of UL-AOA measurement report in case of a linear array antenna.

Proposal 5: 
· For Option2, define a default value or an indication of invalid and report it as AoA.

1.3 The enhancement of measurement and reporting
For enhancement of measurement and reporting, 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 



In this subsection, we evaluate the positioning performance of UL-AoA for three cases: when the reported angle information is corresponding to the averaged angle of multi-paths, corresponding to the angle of the first path and corresponding to multiple angles of multiple paths in SH scenario. Furthermore, we also evaluate the angle error of the above 3 cases. For the third case, we select the multiple paths of arrival (such as the first three paths) as the reported paths, and then select one path from multiple paths according to some rules like maximum path-RSRP. The angle of the final selected path is used to calculate location.
[image: ]
Figure 1 AoA accuracy in SH scenario                                
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Figure 2 Angle error with different angle information in SH scenario   
It can be observed that AoA performance can be improved to 0.41 m for SH when reporting the angle of the first path, which has almost 10 times accuracy improvement compared to AoA reporting of the averaged angle of multi-paths. The performance of AoA when reporting multiple angles of multiple paths is slightly worse than that of reporting the first path because the final angle used to calculate location is not necessarily the angle of the first path. It is also observed that the angle error according to multiple angles of multiple paths is larger than the angle of the first path, because the larger angle error is introduced by the angles of other paths.
Observation 2: 
· The accuracy of AoA when reporting the angle of the first path can improve nearly 10 times compared with reporting of the averaged angle of multi-paths.
Observation 3: 
· The accuracy of AoA when reporting multiple angles of multiple paths is slightly worse than that of reporting the angle of the first path.
Observation 4: 
· The measured angle error of AoA with the angle of the first path is the minimum compared with AoA with the averaged angle of multi-paths and multiple angles of multiple paths.
From the above results, we think the reporting of UL-AOA (AoA/ZoA) measurement for the first arrival path is enough. In the last meeting, it was agreed that reporting M > 1 UL-AOA (AoA/ZoA) measurement values should be supported. In our view, the M > 1 measurement values can be understood as multiple values of multiple first paths corresponding to different SRS resources, or multiple values per first path of a given SRS resource. If the intention is the former, we think it has already been supported in specification in TS 38.455 [2] as the following, where each Measured Result Item corresponds to each first path. The problem is that if the multiple values are with respect to multiple first paths of different SRS resources, each Measurement Result Item should correspond to the measurements of different SRS resources, the resource identification such as SRS resource set ID and SRS resource ID should be included to indicate which SRS resource each measurement corresponds to. If the intention is the latter, we do not see the benefit. As far as we are concerned, the main reason to report M > 1 UL-AOA (AoA/ZoA) measurement values for the first arrival path is when searching for AoA, there may be two complementary angles to the first path, which may cause ambiguity to searching for correct AoA. However, if LMF provides gNB the expected AoA/ZoA and uncertainty, the gNB can select the correct AoA from the two complementary angles according the angle search window. In addition to this, the gNB’s panel orientation can also help gNB to select the correct AoA. Besides that, if LMF can obtain the LCS to GCS translation information, LMF can derive the complementary angle from the reporting angle and LCS to GCS translation information.
Table 2
	IE/Group Name
	Presence
	Range

	Measured Result Item
	
	1 .. <maxnoPosMeas>

	>CHOICE Measured Results Value
	M
	

	>>UL Angle of Arrival
	M
	

	>>UL SRS-RSRP
	M
	

	>>UL RTOA
	M
	

	>>gNB Rx-Tx Time Difference
	M
	

	>Time Stamp
	M
	

	>Measurement Quality
	O
	

	>Measurement Beam Information
	O
	


Table 3
	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.


Proposal 6: 
· For reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF for the first arrival path, it means to support reporting of multiple UL-AOA (AoA/ZoA) measurement values of multiple first paths.

Proposal 7: 
· The SRS resource identification such as SRS resource set ID and SRS resource ID should be reported along with UL-AOA measurements.
In the above simulation and analysis, we think first path reporting is enough. However, compared with the existing method of reporting the averaged angle of multi-paths, reporting multiple angles of additional paths also enhances AoA performance. If reporting of multiple angles of additional paths are considered, LMF needs to choose from the reported angles to calculate the location. The accuracy of measuring and reporting additional multiple angles of multiple paths is determined by the probability of correctly selecting the angle of the first path. Although it may depend on the implementation of the LMF, we believe that if multiple angles of multiple paths are reported, the RSRP and timing information corresponding to different paths should be reported with each angle together to better help LMF to decide which angle is better for accurate positioning. For example, the angle with the maximal RSRP or the angle with the earliest timing can be selected.
When considering the reporting of additional paths, we think it also has already been feasible in TS 38.455 [2], where the maximum no. of measured quantities of Measured Result Item can be 16384. If each of Measured Result Item is clarified that can be corresponding to each path, there is no other specification impact to support UL-AOA measurements for additional paths. We also think it should be supported for reporting RSRP and timing information with each AoA corresponding to each additional path to help LMF choose which measurement of each path is better for location calculation, for this intention the CHOICE Measured Results Value should be changed to a sequence of measurement results. However, there are still some problems with the existing reporting IEs. The first problem is that each reporting of additional paths will be reported in separate IEs, which may make it difficult for LMF to select better path measurement to calculate location. Therefore, we think the reporting of additional paths should be together with the reporting of the first path. Another problem is as we have clarified in the part of first path reporting, each Measurement Result Item should correspond to the measurement of different SRS resources, so the SRS resource identification should be reported in Measured Result Item to indicate the corresponding SRS resource. Based on the above discussion, the information element of TRP Measurement Result can be modified as in Table4. The number of maxnoAdditionnalPath, as far as we are concerned, could be the same as downlink positioning, which is defined as three.
 Table 4
	IE/Group Name
	Presence
	Range

	Measured Result Item
	
	1 .. <maxnoPosMeas>

	> CHOICE Measured Results Value
	M
	

	>>UL Angle of Arrival
	M
	

	>>UL SRS-RSRP
	M
	

	>>UL RTOA
	M
	

	>>gNB Rx-Tx Time Difference
	M
	

	>Time Stamp
	M
	

	>Measurement Quality
	O
	

	>Measurement Beam Information
	O
	

	>SRS Resource Set ID
	M
	INTEGER(0..15)

	>SRS Resource ID
	M
	INTEGER(0..63)

	>CHOICE Additional Measured Results Value
	M
	1 .. <maxnoAdditionnalPath>

	>>UL Angle of Arrival
	M
	

	>>UL SRS-RSRP
	M
	

	>>UL RTOA
	M
	

	>>gNB Rx-Tx Time Difference
	M
	

	>Time Stamp
	M
	

	>Measurement Quality
	O
	

	>Measurement Beam Information
	O
	


However, we do not see the benefit for supporting of N >= 1 UL-AOA values per path for additional paths. The reason is the same with the second understanding of reporting M > 1 UL-AOA (AoA/ZoA) measurement values for the first arrival path. 
Finally, according to the above discussion, the time stamp of one measurement should be the same, that is, the measurement of first path and additional paths respect to the same SRS resource should be the same. If the information element is corresponding to different SRS resources, the time stamp can be different.
Proposal 8: 
· Support reporting of UL-AOA measurements for additional paths.
· Support reporting RSRP and timing information with UL-AoA corresponding to each path.

Proposal 9: 
· To support the reporting of additional paths and reporting RSRP and timing information with UL-AoA corresponding to each path, the information element of TRP Measurement Result can be modified as in Table4:
Table 4
	IE/Group Name
	Presence
	Range

	Measured Result Item
	
	1 .. <maxnoPosMeas>

	> CHOICE Measured Results Value
	M
	

	>>UL Angle of Arrival
	M
	

	>>UL SRS-RSRP
	M
	

	>>UL RTOA
	M
	

	>>gNB Rx-Tx Time Difference
	M
	

	>Time Stamp
	M
	

	>Measurement Quality
	O
	

	>Measurement Beam Information
	O
	

	>SRS Resource Set ID
	M
	INTEGER(0..15)

	>SRS Resource ID
	M
	INTEGER(0..63)

	>CHOICE Additional Measured Results Value
	M
	1 .. <maxnoAdditionnalPath>

	>>UL Angle of Arrival
	M
	

	>>UL SRS-RSRP
	M
	

	>>UL RTOA
	M
	

	>>gNB Rx-Tx Time Difference
	M
	

	>Time Stamp
	M
	

	>Measurement Quality
	O
	

	>Measurement Beam Information
	O
	



Proposal 10: 
· The time stamp should be the same if the measurement is respect to the same SRS resource.
Conclusion
In this contribution, we discuss the remaining problems for UL-AoA positioning, and present our views. We have the following proposals and observations:
Observation 1: 
· For potentially enhancing signaling of UL-AOA measurement report in case of a linear array antenna, Option2 has less specification impact compared to Option1.
Observation 2: 
· The accuracy of AoA when reporting the angle of the first path can improve nearly 10 times compared with reporting of the averaged angle of multi-paths.
Observation 3: 
· The accuracy of AoA when reporting multiple angles of multiple paths is slightly worse than that of reporting the angle of the first path.
Observation 4: 
· The measured angle error of AoA with the angle of the first path is the minimum compared with AoA with the averaged angle of multi-paths and multiple angles of multiple paths.

Proposal 1: 
· The expected AoA/ZoA and uncertainty should be defined as the following:
· The expected AoA/ZoA is the angle with respect to the reference angle, which indicated the estimated AoA/ZoA angle takes into account the a priori estimate of the target device location as well as the panel orientation of the target device and TRPs.
· The expected AoA/ZoA uncertainty defines a search window around the expected AoA/ZoA.

Proposal 2: 
· The reference angle of expected AoA/ZoA should be defined similar to the reference direction as defined in UL-AoA.

Proposal 3: 
· Geographical North in GCS is more appropriate for the definition of reference angle of expected AoA/ZoA compared to x-axis in LCS.
· If the reference angle should be defined in LCS, support gNB to provide LCS to GCS translation information to LMF in TRP Information.
Proposal 4: 
· Option2 should be chosen to enhance signaling of UL-AOA measurement report in case of a linear array antenna.

Proposal 5: 
· For Option2, define a default value or an indication of invalid and report it as AoA.
· 
Proposal 6: 
· For reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF for the first arrival path, it means to support reporting of multiple UL-AOA (AoA/ZoA) measurement values of multiple first paths.

Proposal 7: 
· The SRS resource identification such as SRS resource set ID and SRS resource ID should be reported along with UL-AOA measurements.

Proposal 8: 
· Support reporting of UL-AOA measurements for additional paths.
· Support reporting RSRP and timing information with UL-AoA corresponding to each path.

Proposal 9: 
· To support the reporting of additional paths and reporting RSRP and timing information with UL-AoA corresponding to each path, the information element of TRP Measurement Result can be modified as in Table4:
· Table 4
	IE/Group Name
	Presence
	Range

	Measured Result Item
	
	1 .. <maxnoPosMeas>

	[bookmark: _GoBack]> CHOICE Measured Results Value
	M
	

	>>UL Angle of Arrival
	M
	

	>>UL SRS-RSRP
	M
	

	>>UL RTOA
	M
	

	>>gNB Rx-Tx Time Difference
	M
	

	>Time Stamp
	M
	

	>Measurement Quality
	O
	

	>Measurement Beam Information
	O
	

	>SRS Resource Set ID
	M
	INTEGER(0..15)

	>SRS Resource ID
	M
	INTEGER(0..63)

	>CHOICE Additional Measured Results Value
	M
	1 .. <maxnoAdditionnalPath>

	>>UL Angle of Arrival
	M
	

	>>UL SRS-RSRP
	M
	

	>>UL RTOA
	M
	

	>>gNB Rx-Tx Time Difference
	M
	

	>Time Stamp
	M
	

	>Measurement Quality
	O
	

	>Measurement Beam Information
	O
	



Proposal 10: 
· The time stamp should be the same if the measurement is respect to the same SRS resource.
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