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[bookmark: _Ref494215420]Introduction
In RAN#95, several candidate positioning techniques were listed to be considered for study, and most of them are based on measurement of reference signals. 
In this contribution, we first discuss the issue caused by reusing the RSRP or SINR as measurement metric for beam management supporting NR positioning. Based on the discussion, we suggest to enhance the current beam management by simply introducing a new measurement metric.
Potential beam management enhancement for positioning
During the last meeting, RAN1 agreed to study the following candidate techniques for NR DL positioning [1],
	Agreement:
The following candidate techniques are considered for study of DL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Phase difference based techniques
· Note: feasibility needs to be further assessed
· Angle-based techniques
· Downlink angle(s) of departure 
· Downlink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)



Most of the positioning techniques depend on measurement of reference signals from one or multiple base stations. For example, OTDOA method, as a typical timing based technique, is performed by measuring TDOA of reference signals from multiple base stations, while E-CID method can be performed by measuring the AoD/AoA of reference signals from one based station.
In NR, the reference signals are transmitted directionally by using beamforming schemes. For a UE in RRC_CONNECTED mode, the beam information of reference signals transmitted from its serving cell can be obtained from beam management procedure. It’s possible and helpful to configure positioning reference signals with beam information to improve positioning accuracy.
Observation 1: It’s possible and helpful to configure positioning reference signals with beam information to improve positioning accuracy.
Based on current agreements in NR, beam management is designed for better channel quality. The supported metric for beam measurement and reporting is either RSRP or SINR. However, in multipath environment, the path with line of sight may be blocked, and the path with maximum RSRP or SINR will be another one. In the following, we give an example to show the disadvantage of using the existing RSRP or SINR metric.

 Figure 2-1. Example of beam measurement with blocked LOS path 
As shown in Figure 2-1, during beam training procedure, beam 1 points to LOS direction, and beam 2 points to a reflector. When there’s an obstacle between gNB and UE, the strongest beam may be beam 2 instead of beam 1.
For timing based positioning techniques, if beam 2 is used for transmitting positioning reference signal, the signal strength of LOS path will be restricted. Consequently, the measured time of arrival will be larger than the ideal value, and the positioning accuracy will be negatively affected. Additionally, if OTDOA method is used, according to TR 37.857 [2], the reference cell for all reported RSTD values, the reference cell measurement accuracy will have an impact on the RSTD measurement accuracy. If the serving cell is used as the reference cell, the inaccurate RSTD measurement will have a critical impact on the resulting positioning accuracy.
For angle based positioning techniques, if beam 2 is used for transmitting positioning reference signal, the signal strength of LOS path will be restricted. It’s obvious that the angle of departure and the angle of arrival will be different than the ideal values. In an extreme case, the angle of beam 2 may be larger than that of beam 1 by 180 degrees. 
What’s more, the received reference signal power based techniques are also affected by the selection of beam 2 instead of beam 1.
Observation 2: Based on the current supported beam measurement metric, the selected beam may not be feasible for positioning measurement.
In order to determine the best beam used for positioning measurement, a new beam measurement and reporting metric can be introduced to select the beam pointing to the LOS direction. Theoretically, the transmission delay of the best beam used for positioning should be smaller than the others. Therefore, the best beam should be the beam with minimum ToA. So we can consider ToA as a new beam measurement and reporting metric for NR positioning.
Using current supported beam management mechanism as starting point, the specification impact of introducing ToA as a new metric is rather small. For example, we can reuse the measurement resources configured for L1-RSRP report, no additional measurement resources are actually transmitted. Thus, ToA measurement will not bring additional downlink resource consumption. For the reporting content of the best beam used for positioning, comparing with current reporting content, only the beam/resource index is needed. Thus, the payload of the beam report will be  bits, where N is the number of configured resources in the resource set. Further reducing the feedback overhead can be achieved by configuring large reporting periodicity.
Regarding the measurement of ToA, since the actual ToA value is not important, UE is only required to measure the relative ToA values and choose the beam with the smallest value. Therefore, timing synchronization between base station and the target UE is not required. Thus, the measurement of ToA will not bring additional implementation issues.
Proposal 1: For NR positioning measurement, introduce ToA as a new measurement metric for beam management.
Conclusion
In this contribution, we discussed the potential beam management enhancement for NR positioning. Based on the discussion, we have the following observations and proposals:
Observation 1: It’s possible and helpful to configure positioning reference signals with beam information to improve positioning accuracy.
Observation 2: Based on the current supported beam measurement metric, the selected beam may not be feasible for positioning measurement.
Proposal 1: For NR positioning measurement, introduce ToA as a new measurement metric for beam management.
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