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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], including the RAN1-centric objective of improving the accuracy of UL AoA based positioning solutions. In this contribution, we will discuss a few remaining issues of the UL AoA based positioning.
2. Discussions
We agreed that the TRP can report the combination of various UL measurements to the LMF, as shown in the agreement below:
	Agreement:
· For the first arrival path measurements on SRS for positioning resource, 
· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA}
· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference}
· FFS additional option: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA, one-gNB Rx-Tx time difference}
· All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF
· For the first arrival path measurements on SRS for MIMO resource,
· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
· FFS: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
· All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF
                     Note: The operation of SRS for MIMO is transparent to the UE


Besides the RSRP measurement per SRS resource, it is beneficial for the system to report the measurement per path of one SRS resource.  Such information can assist the LMF to coherently combine the measurement from different path to refine the location estimation of the UE in the multipath environment. 
At the gNB side, the gNB can detect one or more valid path from one SRS resources. For each detected valid path, the gNB can measures the path RSRP measurement.  The gNB can also measures one or more UL-AoAs and relative arrival timing of that path. 
[bookmark: _Hlk85634945]Proposal 1: Support the gNB to report the following path-specific measurement on one path:
· the gNB can report {SRS-RSRPP, multiple UL-AoAs, one UL-RTOA or one gNB Rx-Tx time difference} measured from that path.
Regarding the definition of UL SRS-RSRPP, RAN4 made the following WA [2]:
	RAN4 feedback to RAN1: 
Working assumption: The reference point for UL SRS-RSRPP shall be:
· for type 1-C base station TS 38.104 [1]: the Rx antenna connector,
· for type 1-O or 2-O base station TS 38.104 [1]:  based on the combined signal from antenna elements corresponding to a given receiver branch,
· for type 1-H base station TS 38.104 [1]: the Rx Transceiver Array Boundary connector


 Therefore, RAN1 needs to update the definition of UL SRS-RSRPP in 38.215 accordingly:
Proposal 2: Update the definition of UL SRS-RSRPP as follows:
	Definition
	UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response, where UL SRS-RSRPP for 1st path delay is the power corresponding to the first detected path.

For frequency range 1, the reference point for the UL SRS-RSRPP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

The reference point for UL SRS-RSRPP shall be:
-	for type 1-C base station TS 38.104: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104: the Rx Transceiver Array Boundary connector.

For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements:
-	The reported UL SRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for UL SRS-RSRP measurements, or
-	The reported UL SRS-RSRPP value for the first path shall not be lower than the corresponding UL SRS-RSRPP for the first path of any of the individual receiver branches and the reported UL SRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied UL SRS-RSRPP for the first path.



For linear array antennas, gNB reports the ZoA relative to the linear array axis. In addition to the ZoA relative to the linear array axis, the TRP is also able to estimate the rang of angle arrival of the UE in the plane that is vertical to linear array axis. An example is shown Figure 1. For instance, the TRP can estimate that based on the deployment of antenna orientations. That can provide further information to improve the angle estimation.



Figure 1
To implement this function, the TRP can report an range of estimated AoA in addition to the ZoA for a linear array.
[bookmark: _Hlk71485372]Proposal 3: For linear antenna array, in addition to the ZoA relative to the z-axis, the TRP also reports an estimated range of AoA.

3. Conclusions
In this contribution, we investigate some issues which have impact on the performance of UL-AoA positioning and also discuss various approaches for enhancing the UL-AoA positioning. Accordingly, the following observations and proposals were made:
Proposal 1: Support the gNB to report the following path-specific measurement on one path:
· the gNB can report {SRS-RSRPP, multiple UL-AoAs, one UL-RTOA or one gNB Rx-Tx time difference} measured from that path.
Proposal 2: Update the definition of UL SRS-RSRPP as follows:
	Definition
	UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response, where UL SRS-RSRPP for 1st path delay is the power corresponding to the first detected path.

For frequency range 1, the reference point for the UL SRS-RSRPP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

The reference point for UL SRS-RSRPP shall be:
-	for type 1-C base station TS 38.104: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104: the Rx Transceiver Array Boundary connector.

For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements:
-	The reported UL SRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for UL SRS-RSRP measurements, or
-	The reported UL SRS-RSRPP value for the first path shall not be lower than the corresponding UL SRS-RSRPP for the first path of any of the individual receiver branches and the reported UL SRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied UL SRS-RSRPP for the first path.


Proposal 3: For linear antenna array, in addition to the ZoA relative to the z-axis, the TRP also reports an estimated range of AoA.
4. Reference

RP-202900 New WID on NR Positioning Enhancements
R1-2200901 LS reply on UL SRS-RSRPP definition
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