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1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
This contribution provides further proposals regarding enhancements for the UL AOA positioning solution, based on the agreements and proposals made during RAN1#105-e.

Agreement:
The maximum number of UL-AOAs values (pair of AOA & ZOA values) to be reported per SRS resource for the first arrival path corresponding to the same timestamp is 8.

Conclusion:
It is up to RAN3 to decide how to support indication of UL AoA/ZoA assistance information in LCS for LCS to GCS translation

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.

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

[bookmark: _Hlk80781611]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


2 [bookmark: _Ref7792543][bookmark: _Ref7598514] Accuracy improvements 
2.1 Per path measurements for UL AoA

Path RSRP reporting

Since RAN1#106e The first path AoA measurement report for a given SRS resource has been agreed to consist of:
· Up to 8 AoA/ZoA pairs corresponding to the same timestamp
· One UL RTOA measurement
· One gNB RxTx measurement
· The SRS ID for the SRS resource

Remaining FFS is the measured SRS RSRP for the first arrival path for the SRS resource. Path RSRP is a useful source of information to complement the already existing SRS RSRP, which is computed by accumulating over the all channel impulse response, i.e. all paths. First path power can be used by the LMF to identify the most likely LOS  measurement among those reported by the gNB.  During RAN1#106e, the following was agreed to be reported for multipath reporting:
·  multipath reporting for UL TDOA and RTT
· Multiple AoA measurements together with UL TDOA and RTT. 
Moreover, UL RTOA or gNB RxTx measurement can be included in AoA reports, it is therefore natural to include path power as part of the AoA report. During RAN1#106e, there was a question whether there should be one path RSRP per SRS resource, common to all the AoA/ZoA measurements.  While it is correct to assume common RSRP for all angles reported if the angles are meant to resolve angular ambiguities, it is also possible that the gNB reports multiple angles measured at different Rx beams. In that case the RSRP will be different. Therefore, we are supporting of reporting the first path RSRP per measured angle. In case the  angles reported are for ambiguity resolution,  the path RSRP could also be reported as a single measurement for all angles. 

[bookmark: _Toc83846185]Support SRS path RSRP reporting for the first path for UL AoA. 
a. [bookmark: _Toc83846186]The path RSRP can be reported as a single measurement valid for all the AoA/ZoA pairs corresponding to the same timestamp in the measurement report
b. [bookmark: _Toc83846187]The path RSRP can also be reported for each AoA/ZoA pairs corresponding to the same timestamp in the measurement report

UL SRS Path RSRP definition 

During the discussion, the FL summary included the following proposal[2]:
	Proposal 3.5-2
· Reporting of one RSRP, one UL-RTOA and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning and/or 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




As explained in our companion contribution for DL-AOD [1] The path specific RSRP should  be defined as  power for a given path at time t.  Hence it is proposed to define the UL  SRS RSRP path power SRS-RSRP-PP. the first path can be reported for the time of arrival of the measured SRS resource, that is to say,  the time corresponding to  the measured UL RTOA. For additional path to the first path, a report relative to the first path UL SRS RSRP-PPR can be defined similar to the relative RSRP currently used for additional measurement. 
 
[bookmark: _Toc83846188]The gNB can report the UL SRS RSRP first path power together with first path AoA, defined as the CIR peak power measured at the time t0, where t0   is the time of arrival of the SRS resource on which the the measurement is performed.  The time t0   can be derived by the LMF using the UL RTOA measurement and the location of the SRS symbol in the transmitted slot. 
2.2 Association of UL measurements with ARP
During RAN1#106e, it was propose to consider adding another level below TRP to associate the UL measurements with an antenna reference point (ARP).  In practice, the network can already differentiate between antenna panels / ARPs by declaring them as separate TRPs during communication with the LMF.  Therefore, the need of adding ARP as a new level below TRP is not clear for the current positioning system. 
[bookmark: _Toc83846189]Association of UL measurements with ARP is not introduced in rel-17
Conclusion
 Based on the discussion in the previous sections we propose the following:
Proposal 1	Support SRS path RSRP reporting for the first path for UL AoA.
a.	The path RSRP can be reported as a single measurement valid for all the AoA/ZoA pairs corresponding to the same timestamp in the measurement report
b.	The path RSRP can also be reported for each AoA/ZoA pairs corresponding to the same timestamp in the measurement report
Proposal 2	The gNB can report the UL SRS RSRP first path power together with first path AoA, defined as the CIR peak power measured at the time t0, where t0   is the time of arrival of the SRS resource on which the the measurement is performed.  The time t0   can be derived by the LMF using the UL RTOA measurement and the location of the SRS symbol in the transmitted slot.
Proposal 3	Association of UL measurements with ARP is not introduced in rel-17
[bookmark: _In-sequence_SDU_delivery]
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