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Introduction
RAN1 has achieved considerable progress on RAT-dependent positioning methods, for some aspects, the impact on RAN3 is becoming more and more clear. In this paper, we provide our understanding to some basic impacts on NRPPa from new features of NR positioning method. 
Discussion 
DL-PRS based positioning methods
To support beam sweeping pattern is always a design objective of NR DL PRS since the SI, after several meetings of discussion, the general picture of DL PRS has already became clear and we think the analysis from RAN3 side could start.
In order to support beam sweeping, the PRS configuration would contain more information. Beam width, starting PRB, PRS resource length (number of symbols per PRS resource), comb size and repetition configuration are inevitably needed by UE, which is already agreed in RAN1 to support different level of LCS with different accuracy requirements. 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 from eNB/gNB to the LMF. 
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Figure 1 Modification for PRS configuration in NRPPa message
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 actually 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 feed back, then serving cell can know a rough direction of the UE and transmit the information needed by the target UE to that direction by a narrow beam, 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 2 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. Assuming 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. 
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Figure 2 OTDOA positioning under beam sweeping 
Proposal 2:The connecting beam information should be transmitted from the gNB to location server through NRPPa.
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Figure 3 Connecting beam reporting procedure from gNB
UL PRS based positioning 
[bookmark: OLE_LINK1]It has already been agreed to support power control towards neighbouring cells in RAN1:
Agreement:
For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
For the purpose of power control of the SRS for positioning, if a DL reference signal is to be used as DL path loss reference, the following is provided to the UE by higher layers for each required TRP (e.g., serving and neighbours):
· If the DL reference signal to be used as DL path loss reference is a SSB, provide the ss-PBCH-BlockPower.
· Note: The ss-PBCH-BlockPower is currently defined as average EPRE of the resource elements that carry secondary synchronization signals in dBm that the TRP use for SSB transmission (see TS 38.213, clause 7; range currently defined as INTEGER (-60..50)).
· If the DL reference signal to be used as DL path loss reference is a DL-PRS, provide the dl-PRS-Resource-Power.
· The dl-PRS-Resource-Power is defined as average EPRE of the resources elements that carry DL-PRS Resource signals in dBm that the TRP uses for DL-PRS Resource transmission.
· FFS: CSI-RS transmit power indication if CSI-RS is agreed as a pathloss reference.
According to our understanding, the whole procedure is as figure 4, first, the SRS for positioning with some recommended PL RS are configured. But at the beginning, the gNB do not know which SRS resource is aiming at which cell. A couple of recommended PL RSs from all the possible neighbouring cells should be configured. But not all of them can be actually detected, for those who can be detected, the UE has a general idea of its direction and its origin gNB. The UE need to do the mapping between SRS resource and its target cell. For the first round of beam sweeping, the UE can adjust each beam’s power or direction according to the information of PL RS transmitting power from that direction. Then, UE can report this kind of mapping between the SRS resources and PL RS(neighbour cells). Then the neighbouring cells can detect the SRS and reconfigure the transmission power, this kind of information need to be transmitted to the serving cell. Then, with the mapping, it can configure different transmission power and certain PL RS as spatial relation information to different SRS resource, noting that now PL RS con be configured per SRS resource. When all these information are configured back to UE, the UE can modify each resource’s transmission power or transmission direction according to spatial relation. Then some modification in RAN2 side is needed. The TRP need to transmit their PL RS information to the LMF. This information include the type of RS to indicate whether it is DL PRS, a kind of CSI-RS or SSB, its sequence ID, sequence generation information, resource allocation and transmission power. The LMF should select a couple of PL RSs of neighbouring TRP that are possibly to be detected and send it to the serving cell. 
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Figure 4 Multi-cell power control for SRS
Proposal 3:TRP need to transmit PL RS information to the LMF.
Proposal 4: LMF should transmit neighbouring TRP’s PL RS information to serving gNB.
NR E-CID positioning 
In our companion paper [1] we explained that the SSB should be used for E-CID positioning methods in NR. The beam sweeping pattern can naturally bring some time offset in time domain, which imply the possibility of using multiple cells to enhance E-CID. Different with single-cell positioning, the UE need to know the SSB beam sweeping information of the neighbour cell, for both UE-based and UE-assisted mode. So We need to add the SSB beam sweeping information to the NRPPa message for neighbouring and serving cell and then inform the UE. The beam sweeping information includes numerology(CP length and sub-carrier spacing), SSB periodicity, SSB frequency information to indicate the position in frequency domain, the number of SSB beams and corresponding SSB index and its direction. This is for the purpose that the location server can map the UE SSB measurement to geographic position, just like OTDOA.
Proposal 5:Add the SSB beam sweeping information to the NRPPa message as E-CID measurement report.

Conclusion
In this paper we provide our understanding with the following proposals:
Proposal 1:Add the PRS beam configuration information to the NRPPa from eNB/gNB to the LMF. 
Proposal 2:The connecting beam information should be transmitted from the gNB to location server through NRPPa.
Proposal 3:TRP need to transmit PL RS information to the LMF.
Proposal 4: LMF should transmit neighbouring TRP’s PL RS information to serving gNB.
Proposal 5:Add the SSB beam sweeping information to the NRPPa message as E-CID measurement report.
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Figure 2 Modification for PRS configuration in NRPPa message
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Figure 5 Connecting beam reporting procedure from gNB

Proposal 4:The connecting beam information should be transmitted from UE to location server.
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