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Introduction
According to the agreed WID [1], a number of agreements have been approved to improve positioning accuracy for UL-AOA method over the past several meetings. In this contribution, we provide our views on the remaining issues on UL-AoA positioning solutions. 
Antenna reference points for UL-AOA
Rel-16 specification supports different DL PRS resources being transmitted through different antenna reference points (i.e. different geographical coordinates) from the same TRP. Each DL PRS resource set ARP location is defined relative to the geographical coordinates of the TRP and each DL PRS resource ARP location is defined relative to a DL PRS resource set ARP location. In last meeting, we agreed that the ARP association can also be extended to UL-AOA,
	Agreement:
Association of UL-AOA positioning measurements with gNB ARP is supported in Rel.17.


In current specification, gNB/TRP can be requested by LMF (via Measurement Beam Information Request) to provide its receiving beam information when measuring UL signals. Thus, each measurement result from gNB/TRP can be associated with a DL PRS resource or an SSB in Measurement Beam Information as shown in Table 1, which indicates the receiving beam information when measuring UL signals. Therefore, the ARP association information is implicitly indicated for the UL measurement when DL PRS resource is included in a measurement report as requested by LMF, i.e. the SRS reception and DL PRS transmission are conducted by the same ARP. 


Table.1 Measurement Beam Information
However, it should be clarified that gNB/TRP can optionally report the association of UL-AOA measurement result with ARP information at least in the following cases,
· Measurement Beam Information is not requested by LMF. 
· The TRP only supports UL based positioning so that DL PRS resources are not configured.
· The TRP only supports RP functionality .
Proposal 1: gNB/TRP can optionally report the association of UL-AOA measurement result with ARP information in the following cases,
· Measurement Beam Information is not requested by LMF. 
· The TRP only supports UL based positioning so that DL PRS resources are not configured.
· The TRP only supports RP functionality .
First arrival path of UL measurement result
	Agreement:
[bookmark: OLE_LINK1]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


In last meeting, we made an agreement for the definition of path DL PRS RSRP after heated discussions in DL-AOD agenda. Meanwhile, according to the following agreement, gNB/TRP can also report SRS-RSRP for the first arrival path.
	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


In our view, the definition of path DL PRS RSRP can be reused for the path SRS RSRP. Any updates on the definition of path PRS RSRP should also be amended to the path SRS RSRP.
Proposal 2: The measured path SRS RSRP for ith path delay is defined as the power of the received SRS signal configured for the measurement at the ith path delay of the channel response, and
· Path SRS RSRP for 1st path delay is the power corresponding to the first detected path 
· [bookmark: _GoBack]Note: Any updates on the definition of path PRS RSRP should also be amended to the path SRS RSRP
Moreover, there are two remaining issues needed to further discuss for the first arrival path measurements on SRS,
· Issue#1: Whether gNB/TRP can report multiple path SRS RSRPs for the first arrival path
· Issue#2: Whether gNB/TRP can report one UL-RTOA and one gNB Rx-Tx time difference simultaneously for the first arrival path
For Issue#1, we think the intention is that we have already agreed to support gNB/TRP to report up to 8 UL-AOA/ZOA values for first arrival path, where each UL-AoA/ZoA value may correspond to one RSRP. However, according to the discussion in DL-AoD, the path RSRP should be defined in time domain rather than spatial domain, Furthermore, as defined in TS 38.215 for SRS RSRP, if receiver diversity is in use by the gNB, the reported SRS-RSRP value shall not be lower than the corresponding SRS-RSRP of any of the individual receiver branches, which means the path RSRP has already considered the all the power contributions from spatial domain. 
Proposal 3: There is no need for gNB/TRP to report multiple path SRS RSRPs for the first arrival path since the path SRS RSRP should be defined in time domain.
For Issue#2, LMF will take a differential operation between two UL-RTOA values to construct a TDOA value. The TDOA value may not be impacted by the clock misalignment between UE and TRPs because of the differential operation. However, the TDOA value is still biased from the actual value due to the synchronization error between the two TRPs. But it’s a different story for Multi-RTT. The RTT value is not affected by either clock misalignment between UE and TRPs or synchronization error between TRPs. Furthermore, the TDOA value can also be obtained by taking differential operation for two RTTs from different TRPs. Hence, the gNB Rx-Tx time difference can provide more information than UL-RTOA, and there is no need to report one UL-RTOA and one gNB Rx-Tx time difference simultaneously for the first arrival path.
Proposal 4: Don’t support gNB/TRP to report one UL-RTOA and one gNB Rx-Tx time difference simultaneously for the first arrival path
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views on the remaining issues on UL-AOA positioning, the following proposals are proposed,
Proposal 1: gNB/TRP can optionally report the association of UL-AOA measurement result with ARP information in the following cases,
· Measurement Beam Information is not requested by LMF. 
· The TRP only supports UL based positioning so that DL PRS resources are not configured.
· The TRP only supports RP functionality .
Proposal 2: The measured path SRS RSRP for ith path delay is defined as the power of the received SRS signal configured for the measurement at the ith path delay of the channel response, and
· Path SRS RSRP for 1st path delay is the power corresponding to the first detected path 
· Note: Any updates on the definition of path PRS RSRP should also be amended to the path SRS RSRP
Proposal 3: There is no need for gNB/TRP to report multiple path SRS RSRPs for the first arrival path since the path SRS RSRP should be defined in time domain.
Proposal 4: Don’t support gNB/TRP to report one UL-RTOA and one gNB Rx-Tx time difference simultaneously for the first arrival path
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