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Introduction
In the approved WI [1] for positioning enhancement, the angle based method have been recognized as one important direction to improve the positioning accuracy.· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


In this paper, we will discuss the accuracy improvements for UL-AoA positioning solutions by using differential beamforming.
UL-AOA Report Enhancements
In previous meetings, one agreement for first arrival path measurements on SRS is reached as following:

and in last meeting, there was the discussed proposal: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


·  Select one of the following alternatives
· Alt.1
· For the first arrival path measurements on SRS for positioning resource, gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one gNB Rx-Tx time difference} 
· For the first arrival path measurements on SRS for MIMO resource, gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one-gNB Rx-Tx time difference}
· Alt.2
· For the first arrival path measurements on SRS for positioning resource, gNB can report to LMF multiple sets of the following set of measurements {multiple SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one gNB Rx-Tx time difference}
· For the first arrival path measurements on SRS for MIMO resource, gNB can report to LMF multiple sets of the following set of measurements {multiple SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one-gNB Rx-Tx time difference}
· Above gNB measurements are associated with SRS resource ID and timestamp, which are also reported to LMF

One question was raised for the FFS point is that whether the {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA, one-gNB Rx-Tx time difference} in the set of measurement, it means each of multiple SRS-RSRP is combined with every one of the multiple UL-AOAs (AoA/ZoA pairs), e.g., N*N combinations.  On the other hand, it could also mean each of multiple SRS-RSRP is combined with only one of the multiple UL-AOAs (AoA/ZoA pairs), e.g., total N combinations. From realistic point of view, with received one path, a UE could measurement one angle with one RSRP by one directional Rx beam, so one RSRP should be tied to one angle. Even if different angle could have same RSRP value, the reporting is better to be separated to give clear information to LMF. So following proposal is suggested. 
Proposal 1: the following alt.1 should be supported.
· Alt.1
· For the first arrival path measurements on SRS for positioning resource, gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one gNB Rx-Tx time difference} 
· For the first arrival path measurements on SRS for MIMO resource, gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one-gNB Rx-Tx time difference}

Conclusion
This contribution discusses the accuracy improvements for DL-AoD positioning solutions by using differential beamforming. Observations and proposals are summarized as follows: 
Proposal 1: the following alt.1 should be supported.
· Alt.1
· For the first arrival path measurements on SRS for positioning resource, gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one gNB Rx-Tx time difference} 
· For the first arrival path measurements on SRS for MIMO resource, gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one-gNB Rx-Tx time difference}
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