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Introduction
In RAN#83, NR positioning WID was approved [1] to specify solutions to enable RAT dependent(for both FR1 and FR2) and RAT independent NR positioning techniques, including the following objectives.
“Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
Define functional interfaces, signaling and procedures including UE reporting, to support NR RAT-dependent positioning for the NR positioning techniques listed in RAN1 objectives [RAN2]
Define extensions of NRPPa protocol for NR positioning [RAN3]”
On NR DL PRS there are already some agreements in the TR [2] of past SI to support beam sweeping pattern, and related procedures need to be modified on RAN2 side. In this contribution, we provide corresponding modification to support DL-TDOA positioning in NR with analysis.
Discussion 
Beam sweeping in NR
[bookmark: OLE_LINK1]A key feature in 5G compared with LTE is to transmit signals in the millimeter wave frequency, in which severe path-loss, poor diffraction ability and absorption by atmosphere and rain would all affect the wireless transmission quality. To mitigate these problems, directional beam is a common choice. During the SI, some agreements were already  passed[2] :
“NR DL PRS design for FR1 and FR2 should support:
-	Use of DL beam sweeping / alignment
-	Dedicated NR DL PRS resources - time-frequency grid at resource block level 
NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is left to future specification work.”
and a general frame of the NR PRS could be derived from the agreements, as shown in figure 1. The common deployment of base station is three-sector site in 5G, because the use of 120 degree sector can reduce the significant co-channel interference [3]. Each sector would have its own PCI or PRS-ID and will be covered by beam sweeping. Inevitably this feature would bring changes to DL-TDOA positioning method. 
.[image: ]

Figure 1: Beam sweeping PRS
Impact on messages and procedure
In order to support beam sweeping, the PRS configuration would contain more information. Beam width or PRS block length is inevitably needed by UE if it is configurable, which is very possibly agreed to support different level of LCS with different accuracy requirements. This value will directly decide the sequences UE need to generate. The specification will define the maximum number of PRS blocks that could be supported, but gNB could choose a subset of them to use. Obviously it will affect the search window configuration and UE’s detecting periodicity, so the offset between PRS beams, beam sweeping periodicity and the beam number under using should be know by UE. Of course to replace the three parameters with the starting symbols of PRS resource blocks would contains the same information. In conclusion, the PRS configuration information should be extended to include the above parameters and transmitted from gNB to the location server and then to UE.
Proposal 1:Add the PRS beam configuration information to the NRPPa information from eNB/gNB to the LMF. Location Server
NG-RAN node
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Figure 2 Modification for PRS configuration in NRPPa message
Proposal 2:Add PRS beam configuration to the assistance data from LMF to UE.
Location server
UE

   
LPP/NPP message:OTDOA ASSISTANCE DATA




Figure 3 Modification for PRS configuration in OTDOA assistance data
To perform DL-TDOA positioning, UE need to measure RSTD between at least 3 different transmission points, so the location server need choose some candidates and then send their information to target UE. Not all the candidates can be detected by UE, those who could not be detected will add the PRS searching latency and complexity. Actually in NR there are some information that could be used to make the recommendation more wise. The UE would detect SSB/CSI-RS from the serving cell and feedback, then serving cell can know a rough direction of the UE and transmit the information needed by the target UE to that direction by beam forming, let’s just name it the connecting beam in this paper. It would be very beneficial for location server to know this information before recommending candidate transmission points to UE for positioning. For example, in figure 4 if the location server only know that the UE is inside the area of a1 without considering the connecting beam, the b1,b2,b3 are equal by the standard of distance to a1 and they all may have some overlap in terms of coverage overlap with a1, which means the location server can not know which cell has bigger chance to be detected by the UE so it would recommend them all. But as we can see in this picture, the b2,b1 are impossible to be detected if the UE is just within the area of beam 3 from a1. If the location server could know that the target UE is inside the beam 3 of a1, this situation can be avoided. Besides gNB, UE may also know some index of the beam from SSB or CSI-RS. So the connecting beam information should be transmitted to location server either from gNB or UE. But to map indexes with direction, the mapping information of SSBs and direction should also need to be sent to location server. 

[image: PRS轮询]
Figure 4 OTDOA positioning under beam sweeping 
Proposal 3:The connecting beam information should be transmitted from the gNB to location server.
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Figure 5 Connecting beam reporting procedure from gNB

Conclusion
Based on the analysis above, we provide the following proposals:
Proposal 1:Add the PRS beam configuration information to the NRPPa information from eNB/gNB to LMF.
Proposal 2:Add PRS beam configuration to the assistance data from LMF to UE.
Proposal 3:The connecting beam information should be transmitted from the gNB to location server.
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