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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 Definition of first path RSRP for SRS. 

The following definition was agreed in RAN1#106b-e regarding first path RSRP for the PRS[1]:

	Agreement:
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path 
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation (there is no impact to specifications managed by RAN1 for this)
· Note: This does not imply that the path delay has to be reported in DL-AoD positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary




Clearly the same definition can be used in the uplink for the path SRS RSRP. The definition can be translated for the SRS. Discussion regarding support of reporting of path timing can be held under AI 8.5.5 for multipath reporting for AoA. 

[bookmark: _Toc87018141]The measured path UL SRS RSRP for ith path delay is defined as the power of the received UL SRS configured for the measurement at the ith path delay of the channel response, and
· [bookmark: _Toc87018142]UL SRS can be the SRS for positioning or the SRS for MIMO
· [bookmark: _Toc87018143]path UL SRS RSRP for 1st path delay is the power corresponding to the first detected path 
· [bookmark: _Toc87018144]FFS: Whether the path RSRP measurement is normalized with SRS- RSRP. 
· [bookmark: _Toc87018145]FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· [bookmark: _Toc87018146]Note: This does not imply that the path delay has to be reported in UL-AoA positioning
· [bookmark: _Toc87018147]Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary

2.2 Support of multiple SRS-RSRP per measurement reports for UL AoA


Since RAN1#106b-e 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 or  one gNB RxTx measurement
· A timestamp and the SRS ID for the SRS resource
· One SRS-RSRP (path SRS RSRP) per report. 

The last remaining FFS is whether to support report of multiple SRS-RSRP as an additional option, for both the SRS for MIMO and the SRS for positioning. 

The reporting of multiple AoA was agreed with the primary objective to enable resolving angular ambiguity at the LMF, and thus enabling the gNB to have more freedom in designing antenna patterns for high accuracy.  In that case, the multiple AoA correspond to the same receiving beam. It is also possible that multiple receiving beams are used by the gNB, that may correspond to different timestamps. This is useful when the gNB receives the same SRS over different receiving antenna panels.  Therefore, we support the extension of the agreement from RAN1#106b-e to multiple path SRS-RSRP, where the different path RSRPs may correspond to different time stamps. A report with multiple SRS-RSRP can be constructed by using multiple instances of the agreed measurements tuples from RAN1#106b-e, and associating them with the same or a different time stamp. 

[bookmark: _Toc87018148]For the first arrival path measurements on SRS for positioning resource:
· [bookmark: _Toc87018149]several measurement instances consisting of the agreed tuples {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA}or {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference} can be included in a measurement report.
· [bookmark: _Toc87018150]Each measurement instance may be associated with a timestamp, which can be the same or different.

Conclusion
 Based on the discussion in the previous sections we propose the following:
Proposal 1	The measured path UL SRS RSRP for ith path delay is defined as the power of the received UL SRS configured for the measurement at the ith path delay of the channel response, and
-	UL SRS can be the SRS for positioning or the SRS for MIMO
-	path UL SRS RSRP for 1st path delay is the power corresponding to the first detected path
-	FFS: Whether the path RSRP measurement is normalized with SRS- RSRP.
-	FFS: Whether the definition of the ith path delay (other than i=1) is required.
-	Note: This does not imply that the path delay has to be reported in UL-AoA positioning
-	Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary
Proposal 2	For the first arrival path measurements on SRS for positioning resource:
-	several measurement instances consisting of the agreed tuples {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA}or {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference} can be included in a measurement report.
-	Each measurement instance may be associated with a timestamp, which can be the same or different.
[bookmark: _In-sequence_SDU_delivery]
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