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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 issues of the UL AoA based positioning methods and then present our views on potential enhancements to address those issues.
2. Enhancement on UL measurement reporting
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 for each path in SRS resource:
· For one path in SRS resource, the gNB can report {path SRS RSRP, multiple UL-AoAs, one UL-RTOA or one gNB Rx-Tx time difference}
Regarding the definition of path SRS RSRP, the path DL PRS RSRP agreed in AI 8.5.3 can be used as the starting point and the path SRS RSRP can be defined as:
· The measured path UL SRS RSRP for ith path delay is defined as the power of the received UL SRS signal configured for the measurement at the ith path delay of the channel response. 
In gNB measurement report, the path UL SRS RSRP measurement can be reported as a differential RSRP with a reference to the RSRP of the SRS resource. 
[bookmark: _Hlk85634953]Proposal 2: The path UL SRS RSRP is defined as follows:
· The measured path UL SRS RSRP for ith path delay is defined as the power of the received UL SRS signal configured for the measurement at the ith path delay of the channel response.
· In gNB reporting, the path UL SRS RSRP is normalized with the RSRP of the corresponding SRS resource. 
3. ARP for UL measurement
We agreed to report the gNB ARP information for UL-AoA measurements:
	Agreement:
Association of UL-AOA positioning measurements with gNB ARP is supported in Rel.17.


Besides UL-AoA measurement, it is also beneficial to provide the association of gNB ARP for other UL positioning measurements. 
In release 16, the TRP can provide the ARP information of DL PRS resource. The geographical coordinate of a TRP can be provided to the LMF and along with the geographical coordinates of the TRP, the geographical coordinates of the antenna reference point (ARP) of each DL PRS resource of that TRP can be provided to the LMF too.  Such information can assist the LMF to determine the geographical reference point for positioning measurement results that are obtained from DL PRS resource, for instance RSTD, DL RSRP and UE Rx-Tx time difference.  
From our understanding, the use case for reporting ARP is to support distributed antenna system at the TRP. With that, one same TRP can use antennas with different geographical locations to transmit different DL PRS resource for positioning measurement. Similarly, the TRP with distributed antennas can use different antenna to receive different SRS resources. And thus, the corresponding UL measurement results could be obtained from different antennas too. In NR positioning, the LMF calculates the location of one UE based on the timing or angle measurement with respect to TRPs and the coordinates of TRPs. Reporting the information ARP for each UL measurement can assist the LMF to refine the location estimation. In our view, it is beneficial to support that. For each UL-TDOA, gNB Rx-Tx time difference and SRS-RSRP measurement, the TRP can report the information of ARP that is used to measure the corresponding SRS resource.  
[bookmark: _Hlk85635025]Proposal 3: In addition to UL-AoA, the TRP can report the ARP for each UL-TDOA, gNB Rx-Tx time difference and SRS-RSRP measurement result.
· The ARP location relative to the geographical coordinates for the TRP is provided for each UL measurement result.
4. Extra UL-AoA reporting for Linear Array
On the issue of UL-AoA reporting for linear array antennas, we made the following agreement to report the ZoA relative to the linear array axis: 
	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


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 4: For linear antenna array, in addition to the ZoA relative to the z-axis, the TRP also reports an estimated range of AoA.
5. [bookmark: _Hlk70280721]Enhancements of SRS for Positioning
UL AoA measurement mainly relies on the SRS for positioning. However, the SRS for positioning specified in release 16 has a few issues related with the uplink power control. 
The first issue in power control for SRS for positioning is the pathloss reference signal and power control parameters are configured per SRS resource set. The consequence is that all SRS resource for positioning in one same set uses the same path loss to calculate the transmit power. However, different SRS resources in one same set might be sent towards to different neighbor cells or serving cell through configuring different spatial relation info. Configuring single power control parameters to all the SRS resources in one set obviously contradict with transmission according to configuration of spatial relation info. The determined Tx power might be too large so that it causes interference to nearby TRP or be not sufficient for the SRS transmission to reach a far target TRP.
Another issue is only open-loop power control is supported for SRS for positioning. The UE determines transmit power for SRS for positioning only according to the path loss measured from a SS/PBCH or DL PRS from the serving cell or a non-serving cell. The transmission of SRS for positioning could be towards to a neighbor cell and thus the transmit power is generally larger than that of another uplink transmission
Therefore, we propose to enhance the transmission of SRS for positioning to improve the performance of UL AoA:
[bookmark: _Hlk78917030]Proposal 5: Support closed-loop power control on SRS for positioning.
Proposal 6: Support to configure power control parameter per SRS resource for positioning

6. 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 for each path in SRS resource:
· For one path in SRS resource, the gNB can report {path SRS RSRP, multiple UL-AoAs, one UL-RTOA or one gNB Rx-Tx time difference}
Proposal 2: The path UL SRS RSRP is defined as follows:
· The measured path UL SRS RSRP for ith path delay is defined as the power of the received UL SRS signal configured for the measurement at the ith path delay of the channel response.
· In gNB reporting, the path UL SRS RSRP is normalized with the RSRP of the corresponding SRS resource. 
Proposal 3: In addition to UL-AoA, the TRP can report the ARP for each UL-TDOA, gNB Rx-Tx time difference and SRS-RSRP measurement result.
· The ARP location relative to the geographical coordinates for the TRP is provided for each UL measurement result.
Proposal 4: For linear antenna array, in addition to the ZoA relative to the z-axis, the TRP also reports an estimated range of AoA.
Proposal 5: Support closed-loop power control on SRS for positioning.
Proposal 6: Support to configure power control parameter per SRS resource for positioning
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