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Introduction
The RAN WG1 agreed to support the UL SRS-RSRPP measurements for the first for the UL-AOA positioning method and additional paths in case of the hybrid positioning methods where the UL-TDOA and Multi-RTT are used in addition to the UL-AOA. 
In this contribution we propose the information reporting formats for the first path UL SRS-RSRPP in case of the UL-AOA positioning method. The agreed RX diversity options are considered.
In addition to that, we propose to clarify the UL-AOA definition for the case of additional paths reporting.

Accuracy Improvements for UL-AOA Positioning Solutions
[bookmark: _Hlk53490318]UL SRS-RSRPP First Path Reporting
The definition of the UL SRS-RSRPP was discussed at the RAN WG1#107-e meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement (RAN1#107-e):
Apply the following changes to the definition for UL SRS-RSRPP in the previous agreement:
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. 
· Working assumption: 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. 
Note: The following two options are supported by gNB to LMF:
· Option 1 (RX diversity for the first path UL SRS-RSRPP)
· The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used for the additional paths UL SRS-RSRPP measurements if those are provided together
· For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements, then 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
· Option 2 (RX diversity for UL SRS-RSRP)
· The same RX branch(es) as applied for UL SRS-RSRP measurements are used for UL SRS-RSRPP measurements (i.e., the first and additional paths UL SRS-RSRPP if those are provided)



In addition to the UL SRS-RSRPP definition two options for UL SRS-RSRPP reporting with regards to the different types of RX diversity have been agreed.

With respect to the first path UL SRS-RSRPP reporting, we propose to consider two options.
Option 1:
In option 1, if the UL SRS-RSRPP of the first path is reported only, then the UL SRS-RSRPP of the first path is reported using the absolute values in the range (-156 dBm, -31 dBm). 
Option 2:
In option 2, if both UL SRS-RSRP and UL SRS-RSRPP of the first path are reported, then the UL SRS-RSRP is reported using the absolute values in the range (-156 dBm, -31 dBm) and the UL SRS-RSRPP of the first path is reported using the differential values in the range (-30 dB, 0 dB), where the UL SRS-RSRP is selected as a reference measurement. 

Based on the provided considerations, we have the following proposal:


For the UL-AOA positioning, the gNB can be requested to measure and report to the LMF the UL SRS-RSRPP of the first path using the following options:
Option 1: if the UL SRS-RSRPP of the first path is reported only, then the UL SRS-RSRPP of the first path is reported using the absolute values
Option 2: if both UL SRS-RSRP and UL SRS-RSRPP of the first path are reported, then the UL SRS-RSRP is reported using the absolute values and the UL SRS-RSRPP of the first path is reported using the differential values, where the UL SRS-RSRP is selected as a reference measurement
The absolute values are reported in the range [-156 dBm, -31 dBm] with 1 dB resolution
The differential values are reported in the range [-30 dB, 0 dB] with 1 dB resolution

UL-AOA Measurement Definition
The UL-AOA measurements reporting for additional paths in case of the hybrid positioning, where UL-TDOA and Multi-RTT are used in addition to the UL-AOA have been discussed under the AI 8.5.5 and the following agreement has been captured in the chairman’s notes, [2]: 
	Agreement:
For hybrid positioning methods where UL TDOA and multi-RTT are used in addition to UL AoA, support reporting of up to M=8 UL-AoA values per additional path



It should be noted that the current definition for the UL-AOA measurement in the TS 38.215 is not completely correct with respect to the additional path measurements, [1]:
	UL Angle of Arrival (UL AoA) is defined as the estimated azimuth angle and vertical angle of a UE with respect to a reference direction, wherein the reference direction is defined:

-	In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
-	In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relative to z-axis of LCS and positive to x-y plane direction. The bearing, down tilt and slant angles of LCS are defined according to TS 38.901 [15].
The UL AoA is determined at the gNB antenna for an UL channel corresponding to this UE.



In case if the UL-AOA is measured for the additional path, then the UL-AOA does not define the azimuth and vertical angle of a UE. The UL-AOA angle corresponds to the reflected path with respect to a reference direction, which may not correspond to the direction of a UE. 

In this contribution we propose to clarify the UL-AOA definition for the case of additional paths reporting. 


Update the UL-AOA measurement definition in the TS 38.215, adding the following:
In case if the UL Angle of Arrival (UL-AOA) is measured for the additional path, it is defined as the estimated azimuth and vertical angle of a reflected path with respect to a reference direction, which may not correspond to the direction of a UE 
Note: Multiple UL-AOA pairs can be reported per single channel path

Use of R15 SRS for NR Positioning
RAN1 has received LS from RAN4 asking to clarify the potential usage of the R15 SRS for NR positioning:
	R1-2200900 LS on SRS for multi-RTT positioning
RAN4 discussed whether Rel-15 SRS is applicable for multi-RTT positioning, i.e., whether it can be used in UE Rx-Tx time difference and gNB Rx-Tx time difference measurements. 
The UE Rx-Tx time difference measurement requirements in clause 9.9.4, TS 38.133 and gNB Rx-Tx time difference accuracy requirements in clause 10.1.25, TS 38.133 are applicable provided that the UE is configured with SRS. 
RAN4 has observed that some legacy gNB may not support Rel-16 positioning SRS. Furthermore, same gNB may be configured to perform gNB Rx-Tx time difference measurement and UL RTOA for the same UE. 
RAN4 kindly requests RAN1 to confirm whether Rel-15 SRS is applicable for UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement, and if so, from which release. 


In our understanding, the RAN4 question may be further divided into two questions:
Q1: Whether Rel-15 SRS is applicable for Multi-RTT positioning?
Q2: Whether Rel-15 SRS is applicable for UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement, and if so, from which release?
Regarding the first question (Q1), our understanding is that there is no explicit agreement that Rel-15 SRS are applicable for Multi-RTT positioning. The use of Rel-15 SRS was not agreed for NR multi-RTT positioning by RAN1, but Rel-15 SRS can be used for NR UL-TDOA and NR UL AOA positioning techniques.
Regarding the second question (Q2), our understanding is that RAN1 agreed to use SRS for RTT-based PDC (propagation delay compensation) in the context of URLLC discussions. This functionality is limited to serving cell measurements only:
	Agreement (RAN1#106-e)
SRS can be used for Rx – Tx time difference estimation at gNB side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.

Conclusion (RAN1#107-e)
SRS for positioning is not supported for RTT-based PDC, regardless of whether TRS or PRS is used for RTT-based PDC.


Based on above discussion, we have the following proposal:

Proposal #3: 
Send reply to LS from RAN4 with the following content:
Rel-15 SRS is not supported for NR Multi-RTT positioning
Rel-15 SRS can be supported for NR UL-TDOA and UL-AOA positioning starting from Rel.16
Rel-15 SRS is supported for serving cell UE/gNB Rx-Tx time difference measurements in context of NR RTT-based PDC
This functionality is supported starting from the Rel.17

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: 
For the UL-AOA positioning, the gNB can be requested to measure and report to the LMF the UL SRS-RSRPP of the first path using the following options:
Option 1: if the UL SRS-RSRPP of the first path is reported only, then the UL SRS-RSRPP of the first path is reported using the absolute values
Option 2: if both UL SRS-RSRP and UL SRS-RSRPP of the first path are reported, then the UL SRS-RSRP is reported using the absolute values and the UL SRS-RSRPP of the first path is reported using the differential values, where the UL SRS-RSRP is selected as a reference measurement
The absolute values are reported in the range [-156 dBm, -31 dBm] with 1 dB resolution
The differential values are reported in the range [-30 dB, 0 dB] with 1 dB resolution

Proposal #2: 
Update the UL-AOA measurement definition in the TS 38.215, adding the following:
In case if the UL Angle of Arrival (UL-AOA) is measured for the additional path, it is defined as the estimated azimuth and vertical angle of a reflected path with respect to a reference direction, which may not correspond to the direction of a UE 
Note: Multiple UL-AOA pairs can be reported per single channel path

Proposal #3: 
Send reply to LS from RAN4 with the following content:
Rel-15 SRS is not supported for NR Multi-RTT positioning
Rel-15 SRS can be supported for NR UL-TDOA and UL-AOA positioning starting from Rel.16
Rel-15 SRS is supported for serving cell UE/gNB Rx-Tx time difference measurements in context of NR RTT-based PDC
This functionality is supported starting from the Rel.17
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