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Introduction
[bookmark: _Hlk38879917]In RAN1 #104b meeting, some agreements were achieved in [1] as the following.
	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

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) 

Agreement:
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.


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  Coordinate system alternatives for UL AoA/ZoA assistance information
In the last meeting, the definition of expected UL AoA/ZoA and uncertainty range was agreed. But the reference angle for expected UL AoA/ZoA is still to be discussed, which is as the following:
· 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
As far as we are concerned, Al.t1 is preferred. For Alt.2, LMF does not always have the LCS to GCS translation information. The reason is that 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 is supported, we suggest that gNB should transmit the LCS to GCS translation information to LMF in TRP Information. 
For ULA scenario, the GCS still works. When LMF provide expected UL AoA/ZoA in GCS, gNB with ULA receives the assistant data, and transform the expected UL AoA/ZoA (expected  and  in Figure 1) to an expected , and transform the expected  in GCS to LCS whose z-axis is defined along the linear array axis. Then the transformed expected  can be used to indicate the real expected angle information for ULA.


[bookmark: _Ref61707765]Figure 1 Illustration of the angle  and 
Proposal 1: 
· For the coordinate system alternatives for signaling UL AoA/ZoA assistance information, Alt.1 is preferred.
Proposal 2: 
· If the reference angle is defined in LCS, support gNB to provide LCS to GCS translation information to LMF in TRP Information.
1.2 [bookmark: _Hlk70694283] Additional signaling for UL-AoA assistance information
In the last meeting, some additional signaling for UL-AoA assistance information was discussed. The first problem is whether other assistant information for expected AoA/ZoA and uncertainty range is needed. In our opinion, the intention for additional signaling for UL-AoA may be to help gNB narrow the range of angle measurement. However, considering the expected AoA/ZoA and uncertainty range is supported, the other signaling, which is aimed to help gNB obtain the expected AoA/ZoA and uncertainty range implicitly, seems to be not necessary. 
[bookmark: _Hlk68182796]The second problem is whether the expected AoA/ZoA and uncertainty range can be used for other positioning method such as UL-TDOA and Multi-RTT. As in this item we are discussing about UL-AoA, we do not think whether the expected AoA/ZoA and uncertainty range can be used for other positioning method should be discussed here. In addition, the intention for expected AoA/ZoA and uncertainty range to be used in other positioning method is unclear. Due to the reason that UL-TDOA and Multi-RTT does not need to measure angle information, is the intention for LOS/NLOS identification or beam selection? However, the angular information is more sensitive than timing information, since the expected angular information may change with the UE movement. So the validity of the expected AoA/ZoA may need to be considered in a timing-based positioning method. Except for that, the gNB may be unable to generate the beam according to expected angle information, or the QCL information may conflict with the expected angle information, which make the beam selection enhancement with expected AoA/ZoA difficult.
Proposal 3: 
· Additional signaling for AoA/ZoA assistance information is not needed.
Proposal 4: 
· The intention and benefit of expected AoA/ZoA and uncertainty range to be used for other positioning method such as UL-TDOA and Multi-RTT should be clarified.

1.3 The enhancement of measurement and reporting
For enhancement of measurement and reporting, the following agreement was reached:
	Agreement:
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.


According to our understanding, the multiple measurement values associated with the first arrival path and corresponding to the same timestamp only occurs in the following cases:
· Case 1 NLOS case
· Case 2 ambiguity between frontside and backside directions
· Case 3 ambiguity because of larger antenna spacing
In all these above cases, the multiple measurement values are corresponding to the same SRS resource of the same timestamp. In TS 38.455 [2] as the following, 16384 Measured Result Item can be reported, where each Measured Result Item corresponds to a time stamp.
	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
	


This information element contains the time stamp associated with the measurement is as the following. The SFN Initialisation Time, where the fraction part is expressed with a granularity of 1 /2**32 second, can be accurate to 0.23ns, which is sufficient to distinguish each path. Therefore, even if it corresponds to the same SRS resource, the measurement of first path and additional paths can be distinguished with time stamp. 
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	System Frame Number
	M
	
	INTEGER(0..1023)
	

	CHOICE Slot Index
	M
	
	
	

	>SCS-15
	M
	
	INTEGER(0..9)
	

	>SCS-30
	M
	
	INTEGER(0..19)
	

	>SCS-60
	M
	
	INTEGER(0..39)
	

	>SCS-120
	M
	
	INTEGER(0..79)
	

	 Measurement time
	O
	
	SFN Initialisation Time
9.2.36
	



	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	SFN initialisation time
	M
	
	BIT STRING (SIZE(64))
	Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second


Therefore, taking advantage of the time stamp, only reporting SRS resource identification can help distinguish different measurements. That is, by indicating the SRS resource identification, the measurement corresponding to the same SRS resources or different SRS resource can be distinguished. And for the same SRS resource, the measurements corresponding to the same time stamp represent the measurements of the same path. According to the above discussion, we suggest the information element of TRP Measurement Result can be modified as the following:
	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)


Proposal 5: 
· The information element of TRP Measurement Result can be modified as in the following:
	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)


Conclusion
In this contribution, we discuss the remaining problems for UL-AoA positioning, and present our views. We have the following proposals:
Proposal 1: 
· For the coordinate system alternatives for signaling UL AoA/ZoA assistance information, Alt.2 is preferred.
Proposal 2: 
· If the reference angle is defined in LCS, support gNB to provide LCS to GCS translation information to LMF in TRP Information.
Proposal 3: 
· Additional signaling for AoA/ZoA assistance information is not needed.
Proposal 4: 
· The intention of expected AoA//ZoA and uncertainty range to be used for other positioning method such as UL-TDOA and Multi-RTT should be clarified.
Proposal 5: 
· The information element of TRP Measurement Result can be modified as in the following:
	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)
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