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Introduction
[bookmark: _Hlk38879917]In RAN1 #106 meeting, some agreements for UL-AoA were achieved in [1] and there are still some issues to be discussed. In this contribution, we present our views on the remaining issues for potential enhancements for UL-AOA method.
The enhancement for measurement and reporting
In last meeting, some agreements for multipath reporting have been achieved as following. In this section, we further discuss about the enhancement for measurement and reporting.
	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



[bookmark: _Hlk82620773]In last meeting, whether association of UL-AOA, UL-TDOA, Multi-RTT measurements with ARP (Antenna Reference Point) information should be supported has been discussed. In our opinion, there is no need to support explicit association of UL-AOA measurement results with ARP information. In TS 38.305 [2], TRP is defined as a set of geographically co-located antennas (e.g. antenna array (with one or more antenna elements)) supporting TP and/or RP functionality. That is, if ARP is viewed as different panel which has a relative location to the TRP, then each ARP can be seen as a TRP according to the definition of TRP. If ARP is viewed as part of a gNB’s panel, it is weird to restrict ARP as partial antenna elements in horizontal/vertical direction since the accuracy of AoA degrades with the decrease of used antenna elements number. Why measurement with part of the panel is reported if measurement with full panel can be reported? Therefore, we do not see the benefits and necessity of introducing ARP for UL-AOA positioning.
Proposal 1:  
· Do not support explicit association of UL-AOA measurement results with ARP information
Another problem is whether reporting of RSRP for the first arrival path should be supported. In TS 38.305 [2], it is indicated that in UL-AOA positioning method, UE position is estimated based on UL-AoA (and optionally UL-SRS-RSRP) of uplink radio signals taken at different TRPs, along with other configuration information. In current specification, the UL-SRS-RSRP reporting is already supported as following IE:
	Measurement results

	PCI, GCI, and TRP ID of the measurement

	UL Angle of Arrival (azimuth and elevation)

	UL-SRS-RSRP

	Time stamp of the measurement

	Quality for each measurement


When considering the RSRP of the first path, firstly the definition of RSRP should be clarified. And whether gNB is feasible to measure path-RSRP should also be confirmed. We may need to consult RAN4 to confirm the feasibility before agreeing to support it. Besides the above problems, how reporting RSRP of the first path can improve the performance of UL-AoA also need to be answered. 
In addition, the intention for reporting of RSRP for the first arrival path is not clear. In our opinion, reporting of one UL-RTOA or one gNB Rx-Tx time difference and multiple UL-AOAs measurements for the first arrival path is to help associate the multiple UL-AOA values with each timing information, so that each UL-AOA measurement can be distinguished as being associated with which path. However, what is the intention for reporting of RSRP for the first arrival path? Due to the position calculation of UL-AoA positioning method is based on the angle of UL-AoA, the only intention for reporting path RSRP is to help select the UL-AoA of the first path from multiple paths. Nevertheless, the RSRP of first path is not always the accurate first path according to the granularity limited by bandwidth and non-distinct paths. And the RSRP of the first path is not always the maximal so that it is difficult to distinguish the first path by path-RSRP. In addition, we have already supported LoS/NLoS indicators, which is a more accurate information to help LMF to select the first path from multi paths compared with RSRP. Therefore, we think RSRP reporting for the first arrival path should not be supported unless the above issues/feasibility and benefits can be further resolved and justified.
Proposal 2: 
· Do not support reporting of RSRP for the first arrival path.
Other issues about UL-AoA
There were also some proposals which are also discussed but not reach an agreement in last meeting.
	· Proposal 3.7-1
· Companies are invited to provide comments on a time validity information associated with the expected AoA/ZoA range


As we have stated in our companion contribution [3], the time validity information of expected angle may have some problems. For example, rather than expected RSTD, the expected angle may be changed frequently even for UEs in a cell with UE movement. And the validity may change differently when the motion trail of UE is different, for example, the closer the UE and TRP are, the faster the expected angle changes. Although the validity information may change by the movement of UE, however, we do not think it is a good way for LMF to provide the information of time validity. In the previous discussion in last meeting, most companies think the expected angle information can be derived from the measurement or UE location obtained by some prior information. However, LMF can hardly track the changes in UE’s motion in time just by the prior information and predict the time validity of expected angle. If the validity of expected angle changes due to the movement, the timing of measurement or location updating may be later than the failure time of expected angle, making LMF can hardly predict the validity of expected angle accurately. The simplest way to solve the problem is by implementation. For example, when gNB cannot search an angle within the expected angle, gNB can report the measurement angle values outside the expected angle and LMF will know the expected angle is out of validity and may provide a new expected angle. Or LMF updates the expected angle when the measurement or UE location updates.
Observation 1: 
· LMF can hardly track the changes in UE’s motion in time just by the prior information and predict the time validity of expected angle.
Proposal 3: 
· The time validity of the expected AoA/ZoA can be solved by gNB implementation or LMF implementation.
Conclusion
In this contribution, we discuss the remaining problems for UL-AoA positioning, and present our views. We have the following observations and proposals:
Observation 1: 
· [bookmark: _GoBack]LMF can hardly track the changes in UE’s motion in time just by the prior information and predict the time validity of expected angle.
Proposal 1: 
· Do not support explicit association of UL-AOA measurement results with ARP information
Proposal 2: 
· Do not support reporting of RSRP for the first arrival path.
Proposal 3: 
· The time validity of the expected AoA/ZoA can be solved by gNB implementation or LMF implementation.
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