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Introduction
[bookmark: OLE_LINK9]In the RAN plenary #80 meeting, a new RAN1 SI on “Study on NR positioning support” was approved [1]. In this contribution, we provide our considerations on functional interfaces, protocol, and procedures for NR positioning. 
Discussion
0. Discussion on functional interfaces
Fig.1 illustrates the LCS architecture in R15 [2], where N1 represents the reference point between UE and AMF via NAS and N2 denotes the reference point between NG-RAN and AMF.


Figure 1 Non-roaming reference architecture for Location Services
The function interfaces of NR positioning in R15 are shown in Fig.2. The NR-Uu interface connects the UE to the gNB over the air and the LTE-Uu interface connects the UE to the ng-eNB over the air. Both of them are used as one of several transport links for the LTE Positioning Protocol for a target UE with LTE access to NG-RAN. The NG-C interface between the gNB and the AMF and between the ng-eNB and the AMF is transparent to all UE-positioning-related procedures. In other words, the N1 function is finished by NR-Uu and NG-C interface or LTE-Uu and NG-C interface; The N2 function is finished by NG-C interface between gNB and AMF or between ng-eNB and AMF.



Figure 2 UE Positioning Architecture applicable to NG-RAN
In R16, the positioning architecture should not exclude the scenario where UE access to AMF by ng-eNB. So, RAN2 should consider the function interfaces defined in R15 (e.g., LTE-Uu, NR-Uu, NG-C) as a start point in R16 NR positioning.
Proposal 1: RAN2 should consider the function interfaces defined in R15 (e.g., LTE-Uu, NR-Uu, NG-C) as a start point in R16 NR positioning.
Discussion on protocol
The LTE Positioning Protocol (LPP) is terminated between a target device and a positioning server. LPP messages are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols (e.g., NGAP over the NG-C interface, NAS/RRC over the LTE-Uu and NR-Uu interfaces).  An LPP procedure may involve a request/response pairing of messages or one or more "unsolicited" messages.  Each procedure has a single objective (e.g., transfer of assistance data, exchange of LPP related capabilities, or positioning of a target device according to some QoS and use of one or more positioning methods). Multiple procedures, in series and/or in parallel, can be used to achieve more complex objectives (e.g., positioning of a target device in association with transfer of assistance data and exchange of LPP related capabilities). Multiple procedures also enable more than one positioning attempt to be ongoing at the same time (e.g., to obtain a coarse location estimate with low delay while a more accurate location estimate is obtained with more time).
The LPP protocol enables positioning for NR and LTE using a multiplicity of different position methods, while isolating the details of any particular positioning method and the specifics of the underlying transport from one another. Considering that NR positioning in R16 should support both NR-based RAT-dependent as well as RAT-independent and hybrid positioning methods, LPP protocol can be taken as a start point. Moreover, the terminology “LPP” may be not suitable and NR Positioning Protocol (NRPP) can be introduced to replace it.
Proposal 2: The terminology “NR Positioning Protocol (NRPP)” should be used to replace LPP and NRPP should take LPP as baseline.
The RRC protocol is terminated between the base station and the UE. It provides transport for LPP messages over Uu interface. Furthermore, it supports transfer of measurements that may be used for positioning purposes through the existing measurement systems. The NR Positioning Protocol A (NRPPa) carries information between the NG-RAN Node and the LMF. The NRPPa protocol is transparent to the AMF. The AMF routes the NRPPa PDUs transparently based on a Routing ID corresponding to the involved LMF over NG-C interface without knowledge of the involved NRPPa transaction. It carries the NRPPa PDUs over NG-C interface either in UE associated mode or non-UE associated mode. NR RRC protocol and NRPPa protocol can be a start point for NR dependent positioning technologies.
Proposal 3: NR RRC protocol and NRPPa protocol can be the baseline for NR dependent positioning technologies.
According to the discussion on LCS architecture in SA2, some enhancement will be needed for LCS architecture. Those enhancement may have an impact on the NRPP/NRPPa/NR RRC protocol. For example, if the RAN-based positioning architecture (potential solution 15 in [4]) is approved, NRPPa should support RAN-LMC registration procedure and NR RRC should support the RAN-based positioning procedure. Furthermore, some new NR positioning techniques will be discussed in future RAN1 and RAN2 meeting, NRPP should support those new NR positioning techniques. Hence, RAN2 should consider to enhance the NRPP/NRPPa/NR RRC according to the process of RAN1 and SA2 discussion.
Proposal 4: RAN2 should consider to enhance the NRPP/NRPPa/NR RRC according to the process of RAN1 and SA2 discussion.
Discussion on procedures
[bookmark: _GoBack]In LTE, RAT-dependent positioning methods, e.g., OTDOA, UTDOA, and E-CID, are supported. Those legacy RAT-depended positioning methods also should be supported in NR positioning. However, some enhancement may be needed for them considering that some of them may not work well in NR. Taking UTDOA as an example, SRS transmission in LTE is omni-directional, but SRS transmission in NR could be based on beam, especially in FR2. In this way, some additional mechanisms are needed to ensure that LMUs, if supported, can receive SRS from the UE to be located. Similarly, the reception of PRS (reuse LTE-PRS/SSB/TRS or introducing new PRS) also could be based on beam in NR, so it also will be an issue how to ensure that UE can receive PRS. 
Proposal 5: NR positioning should support the legacy RAT-dependent positioning method, e.g., OTDOA, UTDOA, and E-CID.
Proposal 6: RAN2 should consider to enhance OTDOA, UTDOA, and E-CID in NR positioning.
Furthermore, comparing with LTE, NR has the characteristic of high bandwidth, massive antenna systems, and massive number of devices. Based on those characteristic, some new positioning method may can be introduced to improve positioning performance. Angle-based positioning may be a good potential techniques in NR, in which multiple BSs estimate the AOAs (including azimuth and zenith) based on uplink SRS, and LMF estimate UE location with the AOA measurements. By this, LMF can obtain the 2D/3D UE location just by using two BSs generally, which is more efficient than legacy UTDOA and OTDOA. Meanwhile, angle-based position is robust to synchronization errors between BSs.
Proposal 7: NR positioning may can consider to introduce some new NR-based positioning method, e.g., Angle-based positioning. 
Conclusion
In this contribution, we considered our consideration on functional interfaces, protocol, and procedures for NR positioning, and we get the following proposals:
Proposal 1: RAN2 should consider the function interfaces defined in R15 (e.g., LTE-Uu, NR-Uu, NG-C) as the baseline in R16 NR positioning
Proposal 2: The terminology “NR Positioning Protocol (NRPP)” should be used to replace LPP and NRPP should take LPP as a start point.
Proposal 3: NR RRC protocol and NRPPa protocol can be a start point for NR dependent positioning technologies.
Proposal 4: RAN2 should consider to enhance the NRPP/NRPPa/NR RRC according to the process of RAN1 and SA2 discussion.
Proposal 5: NR positioning should support the legacy RAT-dependent positioning method, e.g., OTDOA, UTDOA, and E-CID.
Proposal 6: RAN2 should consider to enhance OTDOA, UTDOA, and E-CID in NR positioning.
Proposal 7: NR positioning may can consider to introduce some new NR-based positioning method, e.g., Angle-based positioning.
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