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[bookmark: OLE_LINK1]Introduction 
[bookmark: _GoBack]In this RAN1 meeting, an LS R2-2403979[1] (R1-2404198) from RAN2 is sent to RAN1 with the following question.
	As part of LPP ASN.1 review RAN2 discussed the issue of whether the LMF should forward the NR DL-AoD measurements (NR-DL-AoD-SignalMeasurementInformation-r16 IE) of the PRU to target UE. Currently, in TS 37.355 v18.1.0, the PRU measurements that are forwarded from LMF to target UE is defined by NR-PRU-DL-Info-r18 IE and it includes NR-DL-AoD-SignalMeasurementInformation-r16, in addition to NR-DL-TDOA-SignalMeasurementInformation-r16 and NR-PRU-RSCP-MeasurementInformation-r18. The NR-PRU-DL-Info-r18 is signalled to target UE as assistance data for UE-based DL-TDOA positioning. It is not clear to RAN2 why NR DL-AoD measurements needs to be included in NR-PRU-DL-Info-r18.
RAN2 respectfully asks RAN1 to confirm whether LMF should forward the NR DL-AoD measurements (NR-DL-AoD-SignalMeasurementInformation-r16 IE) of the PRU to the target UE and clarify the use case for forwarding the NR DL-AoD measurements of PRU to target UE.


In this discussion paper, we provide our clarification on the support of forwarding DL-AoD measurement of PRU to target UE.
Discussion 
In RAN1#113 meeting, the following agreement was made for carrier phase positioning, wherein LMF is supported to forward the measurement information of PRU for UE-based positioning. However, there’s no clear consensus on whether LMF can forward the AOD measurement of PRU to target UE.
	Agreement
For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether the forwarded DL carrier phase measurement is DL RSCP and/or DL RSCPD depends at least on which of them is (are) supported by UE capability.
· additional information of the same PRU includes at least PRU location. 
· FFS: additional PRU information, e.g. the AoD of PRU to each TRP, etc.


During Rel-18 SI stage, the performance of carrier phase positioning is evaluated intensively, wherein dual differential with PRU is proved to be an effective way to calibrate the initial phase error of TRPs [2]. The following figure is used as an example to describe the principle of CPP with dual differential:
 [image: ]
Figure 1 Example for positioning with dual differential
In this figure, the location of UE 2 with coordinates (x,y) is to be determined. The coordinates of gNB j and gNB k are (xj,yj),  (xk,yk) respectively. For UE 2, the distance between UE 2 and gNB j is

                (Equ. 1)
Where the  is the desired carrier phase between UE 2 and gNB j,  is the initial random phase of gNB j,  is the initial random phase of UE 2,  is the integer part of carrier phase between UE 2 and gNB j,  is the distance between UE 2 and gNB j. 
Similarly, for gNB k, the following equation can be reached.

              (Equ. 2)
If Equ. 2 is subtracted by Equ.1, then the following equation can be reached, the phase drift on UE side can be eliminated.

[bookmark: _Ref8509]                                      (Equ. 3)
Similarly, for UE 1 (PRU), the following equation can be reached.

                (Equ. 4)
If Equ. 3 is subtracted by Equ. 4, then the following equation can be reached.

  (Equ. 5)
That is,

[bookmark: _Ref6930]     		    (Equ. 6)
From Equ. 6, it can be observed that the initial random phase error at both TRP sides and UE side can be removed by dual differential. 
Based on the above discussion, it can be observed that PRU can only alleviate the initial phase error of gNB only when PRU and UE share the initial random phase error, i.e., the phase error of  and  should be applicable for both PRU and UE. 
As shown in the following figure, multiple PRUs can be deployed in a positioning scenario. The initial phase error of different PRS resources or beams can be different due to various antenna implementations, i.e., the initial phase error of PRS resource 2 can be different from that of PRS resource 1. In Figure 2, the initial phase error detected by PRU2 is different from the target UE while the initial phase error detected by PRU1 is similar to the target UE. If LMF can forward PRU’s AoD measurement to UE, the target UE can evaluate whether it shares a similar initial phase error with that PRU. If the angle information is similar to UE’s measurement, the UE can calibrate TRP’s initial phase error with the received phase information of PRU. 
[image: ]
Figure 2 Multiple PRU deployment in a positioning scenario
Based on the above analysis, we have the following proposal:
[bookmark: _Ref4415][bookmark: OLE_LINK2]Proposal: Reply RAN2 LS that LMF should forward the NR DL-AoD measurements of the PRU to the target UE.
Conclusion
In this contribution, we discuss the question from RAN2 LS on NR-PRU-DL-info, and provide the following proposal:
Proposal: Reply RAN2 LS that LMF should forward the NR DL-AoD measurements of the PRU to the target UE.
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