3GPP TSG-RAN WG1 Meeting #106-e	R1-2106450
E-meeting, August 16th – 27th, 2021

Agenda Item:	8.5.2
Source:	Huawei, HiSilicon
Title:	Enhancement for UL AoA positioning
[bookmark: _GoBack]Document for:	Discussion and Decision 

Introduction
In RAN1#105-e, we made some agreements regarding signaling of UL AoA/ZoA assistance information indication and the first arrival path measurement reporting. In this paper, we discuss the potential enhancements on UL AoA positioning.
Antenna-element wise calibration of TRP
In RAN1#105-e [1], we made the following agreement regarding enabling a reference device.
	Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
· RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
· Notes: 
· The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
· PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
2. Transmit the UL SRS signals for positioning
· PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.




Since the concept of reference UE has been agreed and the performance gain has been recognized, the signaling to enable antenna-element wise calibration with reference device could be discussed.
Considering the TRP angle error calibration, the reference device with the known location could also help perform the calibration of the angle measurements. As we mentioned in the contribution [2], the TRP bearing correction data can be maintained by the LMF, but the angle error caused by phase/amplitude error across antenna elements could be only calibrated by each gNB. 
Figure 1 shows the example of phase difference calculation with phase error. Without phase error, there is a linear relationship between phase difference and antenna spacing between two antenna elements. Considering the phase error, phase value of each antenna element would have different shifts. Finally, it lead to the deviation of angle estimation.
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Observation 1: The phase error across antenna elements could be only calibrated by each TRP.
· Note: The bearing error correction can be maintained by the LMF.
Since location information of the reference device has been known by LMF, the expected angles for each TRP can be easily derived. A simple way to accomplish the TRP angle error calibration is to allow LMF to carry out the normal NRPPa MEASUREMENT REQUEST procedure, conveying the SRS configuration of the reference device, and the expected angle for SRS reception that can be interpreted as the correct one for the TRP to perform the calibration. The gNBs can take that into account, and perform the calibration. The phase/amplitude errors can be filtered to guarantee the calibration accuracy.
In response, the MEASUREMENT RESPONSE message may contain the corrected angle measurement as the normal MEASUREMENT procedure, and LMF should interpret the response as the acknowledgement. Similarly, the MEASUREMENT FAILURE message may indicate that the calibration cannot be performed, and the detailed signaling can be left to RAN3.
The MEASUREMENT REPORT may serve as periodic calibration to overcome the short-term variation, and the detailed signaling can be left to RAN3.
Proposal 1: Support LMF to send the expected angle of the reference device to gNB for TRP antenna-element wise calibration.

AoA/ZoA assistance information
In RAN1#105-e [1], we made the following agreement regarding assistance for SRS reception.
	Agreement:
Both GCS and LCS are supported for UL AoA/ZoA assistance information indication.
Note: Existing signaling can be used for obtaining LCS to GCS translation information




The “existing signaling” in the Note may refer to either LCS-GCS translation in PRS beam information or AoA/ZoA angle measurement report, and thus in either case, for an RP that does not support PRS transmission, there is no way for LMF to collect the orientation in advance.
Another issue with assistance AoA/ZoA information in LCS is that whether the LCS-GCS translation should be included in the AoA/ZoA assistance information (i.e. NRPPa MEASUREMENT REQUEST message). 
In our view, the best solution should be to enable a TRP to provide LCS-GCS translation in the TRP INFORMATION REPONSE message as part of TRP information exchange procedure. During the MEASUREMENT procedure, there is no need to signal the LCS-GCS translation from LMF to the TRP any more, and instead a flag of the assistance AoA/ZoA to label whether it is LCS or GCS would be sufficient. Another benefit is that LMF can figure out the RP orientation, for a better RP selection based on the orientation prior to requesting SRS configuration to the serving gNB or request measurement from the respective RPs.
Proposal 2: Support TRP to provide the LCS-GCS translation to LMF via TRP information exchange.

Conclusion
In this contribution, we have the following observation and proposals regarding UL-AoA enhancement in Rel-17.
Observation 1: The phase error across antenna elements could be only calibrated by each TRP.
· Note: The bearing error correction can be maintained by the LMF.
Proposal 1: Support LMF to send the expected angle of the reference device to gNB for TRP antenna-element wise calibration.
Proposal 2: Support TRP to provide the LCS-GCS translation to LMF via TRP information exchange.
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