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Introduction
The reporting of multiple estimated UL-AOAs from gNB/TRP to LMF and their association with the timing measurements in a single report was discussed at the previous meeting and the following agreements has been achieved, [1]:
	Agreement:
Reporting of one UL-RTOA and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning and per SRS resource for MIMO in a single gNB report to LMF is supported
· The above measurements are associated with SRS resource ID which is also reported to LMF
· FFS: Reporting of RSRP for the first arrival path
· Note: The use of SRS for MIMO resource is transparent to the UE
· FFS: Reporting of gNB Rx-Tx

Agreement:
Reporting of one gNB Rx-Tx time difference and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning in a single gNB report to LMF is supported 
· The above measurements are associated with SRS resource ID which is also reported to LMF
· FFS: Reporting of RSRP for the first arrival path



In addition to that the association of the UL-AOA, UL-TDOA and Multi-RTT measurements with the Antenna Reference Point information was discussed and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
Further study and conclude whether association of UL-AOA, UL-TDOA, Multi-RTT measurements with ARP (Antenna Reference Point) information is supported at RAN1#106bis-e.



In this contribution we provide our view on the RSRP for the first arrival path reporting and its association with the time (UL-RTOA or gNB Rx-Tx time difference) and angular (UL-AOA) measurements in a single gNB to the LMF report. In addition, we provide out view on the UL-AOA, UL-TDOA and gNB Rx-Tx measurements association with the ARP for a given TRP.

Accuracy Improvements for UL-AOA Positioning Solutions
[bookmark: _Ref71199847][bookmark: _Hlk53490318]Multiple UL-AOAs Reporting
The reporting of one UL-RTOA and multiple UL-AOA measurements for the first arrival path per SRS Resource for positioning in a single gNB report to the LMF was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]: 
	Agreement:
Reporting of one UL-RTOA and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning and per SRS resource for MIMO in a single gNB report to LMF is supported
· The above measurements are associated with SRS resource ID which is also reported to LMF
· FFS: Reporting of RSRP for the first arrival path
· Note: The use of SRS for MIMO resource is transparent to the UE
· FFS: Reporting of gNB Rx-Tx



Similar agreement for the gNB Rx-Tx time difference and the multiple UL-AOA measurements reporting in a single gNB report to the LMF has been made, [1]:
	Agreement:
Reporting of one gNB Rx-Tx time difference and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning in a single gNB report to LMF is supported 
· The above measurements are associated with SRS resource ID which is also reported to LMF
· FFS: Reporting of RSRP for the first arrival path



Both agreements support reporting of the time measurement (UL-RTOA or gNB Rx-Tx time difference) with the multiple azimuth and zenith angles of arrival for the first arrival path and reporting them in a single measurement report from gNB to the LMF. 
The original motivation to report multiple UL-AOA values associated with a single time measurement was to address an ambiguity issue that may occur for the antenna array with elements spacing exceeding the λ/2 spacing. 
If one considers an example of a linear vertical antenna array with the 2λ and 4λ antenna elements spacing, in that case the antenna radiation pattern has 4 and 8 side lobs, respectively. This may result in the ambiguity issue while selecting the direction for the UL-AOA reporting. 
Figure 1 shows an example of antenna pattern for vertical linear array (with N = 4 elements) as a function of zenith angle for antenna spacing equal to 2λ and 4λ.
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	(a) Antenna spacing = 2λ
	(b) Antenna spacing = 4λ


[bookmark: _Ref78285027]Figure 1: Example of antenna pattern for vertical linear array with N = 4 elements as a function of zenith angle for antenna spacing equal to 2λ and 4λ

In case of the horizontal linear array and due to the property of the sine function (sin(φ) = sin (π - φ)) the antenna radiation pattern has 8 and 16 side lobs, respectively, which results in the two times higher ambiguity order. 

The aspect that was left for further study is whether to include the RSRP of the first arrival path as a part of the measurement report and, if included, decide what number of RSRP values should be reported. 

Based on the above considerations, we believe that a single RSRP value should be reported associated with a single UL-RTOA or gNB Rx-Tx time difference and multiple UL-AOA measurements. Although the signal is received from multiple spatial directions, it still cannot be distinguished and eventually a single RSRP value is measured combining the multiple inputs. 

The motivation to report multiple RSRP values (that was discussed at the meeting) is to address the case, when the strength of the incoming signal is measured from the multiple spatial directions applying different RX beamforming settings and each measurement corresponds to its own measured RSRP value. 
If this is a case, then multiple UL-RTOA and gNB Rx-Tx time difference measurements should be reported as well since different RX beamforming settings may correspond to significantly different propagation time delays. 
We believe that this is not a part of the original agreement and the single UL-RTOA and gNB Rx-Tx measurement correspond to the same RX beamforming setting. 

Based on the above considerations, we have the following proposals:


Support reporting of one UL-RTOA, one RSRP and multiple UL-AOA measurements for the first arrival path per SRS resource for positioning in a single gNB report to the LMF
The above measurements are associated with the SRS resource ID which is also reported to LMF


Support reporting of one gNB Rx-Tx time difference, one RSRP and multiple UL-AOA measurements for the first arrival path per SRS resource for positioning in a single gNB report to the LMF
The above measurements are associated with the SRS resource ID which is also reported to LMF

UL Measurements Association with Antenna Reference Point
The association of the UL-AOA, UL-TDOA and Multi-RTT measurements with the Antenna Reference Point (ARP) was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
Further study and conclude whether association of UL-AOA, UL-TDOA, Multi-RTT measurements with ARP (Antenna Reference Point) information is supported at RAN1#106bis-e.



In case of the DL PRS transmission, each DL PRS Resource can be associated with the ARP and the corresponding geographical coordinates by using of the DL-PRS Resource Coordinates Information Element (IE) as shown in Table 1, [2].
In our view, the ARP concept was introduced to support multi panel TRP operation. In that case the TRP antenna array may consist of the multiple antenna panels, where geometrical centre of each panel may have sufficiently different coordinates from ones provided by TRP. The reporting of TRP coordinates only in that case may cause an error in UE coordinates estimation. To improve estimation accuracy, the ARP information associated with the DL PRS Resources was introduced. 

[bookmark: _Ref83564546]Table 1: DL-PRS Resource Coordinates
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	DL-PRS Resource Set ARP List
	M
	1..<maxPRS-ResourceSets>
	
	

	>DL-PRS Resource Set ID
	M
	
	INTEGER (0..7)
	

	>CHOICE DL-PRS Resource Set ARP Location
	M
	
	
	Relative to the geographical coordinates for the TRP. If this IE is absent, the Relative Location is zero for the indicated DL-PRS Resource Set ID.

	>>Geodetic
	
	
	
	

	>>>TRP Position Relative Geodetic
	M
	
	Relative Geodetic Location 9.2.48
	

	>>Cartesian
	
	
	
	

	>>>TRP Position Relative Cartesian
	M
	
	Relative Cartesian Location 9.2.50
	

	>DL-PRS Resource ARP List
	M
	1..<maxPRS-ResourcesPerSet>
	
	

	>>DL-PRS Resource ID
	M
	
	INTEGER (0..63)
	

	>>CHOICE DL-PRS Resource ARP Location
	M
	
	
	Relative to the DL-PRS Resource Set ARP Location.
If this IE is absent, the Relative Location is zero for the indicated DL-PRS Resource ID.

	>>>Geodetic
	
	
	
	

	>>>TRP Position Relative Geodetic
	M
	
	Relative Geodetic Location 9.2.48
	

	>>>Cartesian
	
	
	
	

	>>>TRP Position Relative Cartesian
	M
	
	Relative Cartesian Location 9.2.50
	



The proposal in the agreement above, suggests introduction of the similar concept for the UL positioning methods. 
In case if DL PRS resources are configured, we believe that such type of the association can be supported by the Rel.16 standard. The UL measurements are provided by gNB to the LMF as a part of the Measurement Result IE as shown in Table 2, [2]. This information element contains the receive beam information (Measurement Beam Information field) when measuring UL signals. 

[bookmark: _Ref83556855]Table 2: Measurement Result
	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
	



The group of UL-AOA, UL SRS-RSRP, UL-RTOA and gNB Rx-Tx time difference measurements can be associated with the Measurement Beam Information IE as shown in Table 3, [2].

[bookmark: _Ref83556933]Table 3: Measurement Beam information
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	PRS Resource ID
	O
	
	INTEGER(0..63)
	

	PRS Resource Set ID
	O
	
	INTEGER(0..7)
	

	SSB Index
	O
	
	INTEGER(0..63)
	



Note, that the Measurement Beam Information IE contains the PRS Resource ID and PRS Resource Set ID that can be associated with the DL-PRS Resource ARP Location information using DL-PRS Resource Coordinates IE as defined in Table 1.

In case if gNB/TRP supports UL based positioning only, the issue still can be solved by implementation, for example, different panels can be configured as different TRPs. 

Based on the provided considerations, we do not see a strong motivation to support association of the UL measurements with the ARP information and have the following observations:


In case if DL PRS resources are configured, the association of the UL-AOA, UL-TDOA, and gNB Rx-Tx time difference measurements can be supported in Rel.16 standard by using the Measurement Result, Measurement Beam Information, and DL-PRS Resource Coordinates IEs as defined in TS 38.455
· In that case the UL measurements can be associated with the receive beam information that contains the PRS Resource ID and PRS Resource Set ID
· The PRS Resource ID and PRS Resource Set ID can be associated with the DL-PRS Resource ARP location 
In case if gNB/TRP supports UL-based positioning only, the issue still can be solved by implementation, for example, different panels can be configured as different TRPs.

Conclusions
In this contribution, we have provided further details to support UL-AOA enhancements. In summary, we have the following list of proposals:

Proposal 1: 
Support reporting of one UL-RTOA, one RSRP and multiple UL-AOA measurements for the first arrival path per SRS resource for positioning in a single gNB report to the LMF
The above measurements are associated with the SRS resource ID which is also reported to LMF

Proposal 2: 
Support reporting of one gNB Rx-Tx time difference, one RSRP and multiple UL-AOA measurements for the first arrival path per SRS resource for positioning in a single gNB report to the LMF
The above measurements are associated with the SRS resource ID which is also reported to LMF
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