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Introduction
According to the agreed WID [1], RAN1#104b-e meeting has approved several agreements to improve positioning accuracy for UL-AOA method [2]. In this contribution, a number of remaining details and other promising approaches for accuracy improvements of UL-AOA are analyzed and proposed.
Multiple antenna reference points for a TRP
Rel-16 specification supports different DL PRS resources being transmitted through different antenna reference points (i.e. different geographical coordinates) from the same TRP. As defined in NRPPa protocol, the following Table 1 in section 9.2.47 of TS 38.455 [3] defines the geographical coordinates of the antenna reference points (ARP) for the DL-PRS Resources of the same TRP.


Table.1 Coordinates of DL-PRS Resources 
Furthermore, for UL reception, each measurement result can be associated with a DL PRS resource or an SSB in Measurement Beam Information as shown in Table 2, which indicates the receiving beam information when measuring UL signals. Therefore, the ARP information is implicitly indicated for the UL measurement when DL PRS resource is included in a measurement report as requested by LMF. In addition, whether the Measurement Beam Information should be reported or not is configured by LMF in Measurement Beam Information Request. 


Table.2 Measurement Beam Information
However, at least in the following cases, current specification doesn’t support gNB/TRP to report ARP information of UL measurement results,
· Measurement Beam Information is not requested by LMF. However, the gNB/TRP still expects to report measurement results from multiple ARPs.
· The gNB/TRP only supports UL based positioning, so there is no DL PRS resources configured.
· The gNB/TRP is a reception point (RP) attached with multiple ARPs, where the RP only supports UL reception.
From technical perspective, the derived positioning accuracy improves along with the increase of antenna reference points. Therefore, to facilitate UL measurement from multiple ARPs, Rel-17 should be able to report ARP information of UL measurement results at least for the above cases. For example, to enhance UL-AOA measurement from multiple ARPs, each UL-AOA measurement result should be associated with ARP information (e.g. ARP ID and corresponding geographical coordinate) when forwarding measurement report to LMF. 
Observation 1: At least in the following cases, current specification doesn’t support gNB/TRP to report ARP information of UL measurement results,
· Measurement Beam Information is not requested by LMF. However, the gNB/TRP still expects to report measurement results from multiple ARPs.
· The gNB/TRP only supports UL based positioning, so there is no DL PRS resources configured.
· The gNB/TRP is a reception point (RP) attached with multiple ARPs, where the RP only supports UL reception.
Proposal 1: In order to improve positioning accuracy, Rel-17 should support reporting UL-AOA measurement results being associated with ARP (Antenna Reference Point) information
· FFS: whether above enhancement can be also applicable to UL-TDOA and Multi-RTT
Remaining issues on expected UL AoA/ZoA
	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) 


Above agreement was endorsed in last meeting, there are two remaining issues. The first one is whether the signaling UL AoA/ZoA assistance information should be based on GCS or LCS. In our view, LMF may not have the information of LCS to GCS translation before LMF gets the first measurement result from TRP. Furthermore, LMF may be not aware of the antenna heading/location adjustment at TRP side. So, it’s preferable that LMF only provide the signaling UL AoA/ZoA assistance information based on CGS. The second issue is whether the signaling UL AoA/ZoA assistance information can be also applicable to UL-TDOA/Multi-RTT. Based on our discussion before, the expected UL AoA/ZoA is beneficial for the case LMF already has the priori UE location. According to this assumption, we think the expected UL AoA/ZoA can also be a supplementary information for UL-TDOA/Multi-RTT.
Proposal 2: For the signaling UL AoA/ZoA assistance information,
· Only GCS is supported for AoA/ZoA assistance information indication
· The expected UL AoA/ZoA can also be applicable to UL-TDOA/Multi-RTT
Path-specific RSRP and timing in UL-AOA
Firstly, we need to understand what path-specific RSRP is. According to discussions in last meeting, the path-specific RSRP seems to be the power of path in delay domain. Each path may correspond to a tap in delay domain, which may include multiple taps. However, we haven’t defined such measurement in current specification. It’s questionable that gNB can be sensitive enough to identify the power differences among different paths. As mentioned by some other companies, the path-specific RSRP may be used for Machine Learning. For us, timing information is more important than path-specific RSRP, which may be beneficial for both traditional timing based methods and ML. However, path-specific timing report has already been supported in UL-TDOA. This can be supported by gNB/TRP implementation to report hybrid positioning measurements (UL-AOA and UL-RTOA).
Observation 2: The clear benefits haven’t been identified for path-specific RSRP in UL-AOA.
Observation 3: Path-specific timing report in UL-AOA can be supported by hybrid positioning methods (i.e. UL-AOA and UL-TDOA).
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to reduce NR positioning latency, the following observations and proposals are proposed,
Observation 1: At least in the following cases, current specification doesn’t support gNB/TRP to report ARP information of UL measurement results,
· Measurement Beam Information is not requested by LMF. However, the gNB/TRP still expects to report measurement results from multiple ARPs.
· The gNB/TRP only supports UL based positioning, so there is no DL PRS resources configured.
· The gNB/TRP is a reception point (RP) attached with multiple ARPs, where the RP only supports UL reception.
Proposal 1: In order to improve positioning accuracy, Rel-17 should support reporting UL-AOA measurement results being associated with ARP (Antenna Reference Point) information
· FFS: whether above enhancement can be also applicable to UL-TDOA and Multi-RTT
Proposal 2: For the signaling UL AoA/ZoA assistance information,
· Only GCS is supported for AoA/ZoA assistance information indication
· The expected UL AoA/ZoA can also be applicable to UL-TDOA/Multi-RTT
Observation 2: The clear benefits haven’t been identified for path-specific RSRP in UL-AOA.
Observation 3: Path-specific timing report in UL-AOA can be supported by hybrid positioning methods (i.e. UL-AOA and UL-TDOA).
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		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
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		PRS Resource ID

		O

		

		INTEGER(0..63)

		



		PRS Resource Set ID

		O

		

		INTEGER(0..7)

		



		SSB Index

		O

		

		INTEGER(0..63)
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PRSResourceID O INTEGER(0..63)

PRSResourceSetID O INTEGER(0..7)

SSBIndex O INTEGER(0..63)


