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1	Introduction
In this paper, we discuss about positioning support in NR Release 15 with regards to positioning methods that are to be supported in the NG-RAN.
2	Background
UE positioning is an important aspect in 3GPP radio access technologies to support regulatory requirement and for commercial purposes. LTE supports a suite of UE positioning methods since Release 9 and is continuing to evolve towards high accuracy positioning for commercial services. NR should provide similar positioning capabilities as LTE for both regulatory and commercial purposes and more advanced positioning capabilities over and above that of LTE. However, due to tight schedule for NR in Release 15, TSG RAN had agreed to introduce support for positioning mainly to meet regulatory requirements in Release 15. The 5GS work item in SA2 already includes support for IMS voice service and hence assumes support for emergency services and location services [1]. This was also confirmed by TSG RAN in RAN#76 [2] and the NR work item updated accordingly [3]. The updated objectives in NR WID now has the following:
	-	Support of positioning to comply with regulatory requirements: 
-	via RAT independent and E-UTRA RAT dependent positioning schemes, including:
-	Transport of LPP messages between 5G-CN and UE through gNB [RAN2];
-	Transport of LPPa type messages between 5G-CN and NG-RAN hosting E-UTRA (eNB) [RAN2, RAN3];
NOTE:	This objective is intended for the architecture options 4 and 7, and can be reused for option 5.
-	Support of measurement gaps and idle periods for location related inter-RAT measurements [RAN4, RAN2].
NOTE: This objective strives for common design of NR parts of inter-RAT measurement between NR and E-UTRA 
-	via network based NR CID and cell portion positioning, including:
-	Definition of messages and transport between 5G-CN and NG-RAN hosting NR (gNB) [RAN3, RAN2].



3	Discussion
3.1	Regulatory requirements for location services
Clearly the NR work item limits the positioning support in NR Release 15 to only those capabilities required to meet the regulatory requirements. These requirements are highlighted in [2] which says:
	The regulatory performance targets in any radio access technology are specified in the US by the FCC as shown in the table below:
 
	FCC BENCHMARK
	ACCURACY REQUIREMENT

	APRIL 2017
	40% of all 911 Calls <= 50m

	APRIL 2018
	50% of all 911 Calls <= 50m

	APRIL 2020
	70% of all 911 Calls <= 50m

	APRIL 2021
	80% of all 911 Calls <= 50m






It is worth noting that the above quoted LS also states the following:
	Support for Emergency Services and the corresponding support for Location Services will be specified by June 2018, and will be applicable for both a non-standalone NR UE that is supported with a LTE PCell and for a standalone NR UE. This work will not delay the previously approved December 2017 completion goal deadline for non-standalone NR.



So, as a general guideline, RAN2 must select the minimal number of positioning methods, using LTE as baseline, that meets the above regulatory requirements and which can address both indoor and outdoor positioning, so as not to affect the NR Release 15 standardization schedule.
Proposal 1: RAN2 shall select the minimal number of positioning methods, using LTE as baseline, that meets the regulatory requirements and which can address both indoor and outdoor positioning, so as not to affect the NR Release 15 standardization schedule.
Proposal 2: High accuracy positioning methods with centimetre level positioning accuracy are not essential to meet the non-standalone and standalone NR phase 1 standardization completion dates of December 2017 and June 2018 respectively.
3.2	LTE positioning methods
The following table shows the various LTE positioning methods in Release 14 and our analysis of the pros/cons of each method to help select positioning method(s) for NR Release 15 with the guideline in proposal 1 in mind:
	Positioning method
	Pros
	Cons

	A-GNSS
	· Widely used in LTE and UMTS commercial networks
· Accuracy is good enough to meet the regulatory requirement for NR in June 2018 for outdoor positioning
· 3GPP RAT independent and hence minimal 3GPP specification work and minimal or no impact to NR PHY layer
	· Not reliable for indoor positioning
· Does not provide vertical location information

	Barometric Pressure Sensor
	· Only method that provides the vertical location information
· 3GPP RAT independent and hence minimal 3GPP specification work and minimal or no impact to NR PHY layer
· Indoor positioning possible
	· Does not provide horizontal location information

	WLAN/BT
	· 3GPP RAT independent and hence minimal 3GPP specification work and minimal or no impact to NR PHY layer
· Indoor positioning possible
	· Unclear how widely it is used in current commercial networks
· Unclear if it can reliably meet the regulatory requirement for NR in June 2018 when used as the only positioning method in the network
· Does not provide vertical location information

	MBS
	· Indoor positioning possible
· Accuracy is good enough to meet the regulatory requirement for NR in June 2018 for both indoor and outdoor positioning
· 3GPP RAT independent and hence minimal 3GPP specification work and minimal or no impact to NR PHY layer
	· Unclear how widely it is used in current commercial networks
· Does not provide vertical location information
· No public consortium or organizations that supports the MBS ecosystem similar to the GNSS consortium or organizations

	OTDOA/PBS
	· Indoor positioning possible
· Widely used in LTE and UMTS commercial networks
	· 3GPP RAT dependent but currently no NR PHY layer support for RSTD measurement or PRS signal transmission
· Does not provide vertical location information
· New efforts needed to support inter-RAT E-UTRA RSTD measurement including support for measurement gaps to perform inter-RAT E-UTRA RSTD measurement
· Unclear what the OTDOA positioning performance will be when only inter-RAT E-UTRA RSTD measurement is used

	UTDOA
	· Indoor positioning possible
	· Unclear how widely it is used in current commercial networks
· 3GPP RAT dependent but currently no NR PHY layer support for UTDOA measurement and unclear whether NR-SRS signal can be used for UTDOA measurement
· New efforts needed to support inter-RAT E-UTRA UTDOA measurement including support for measurement gaps to perform inter-RAT E-UTRA UTDOA measurement
· Unclear what the UTDOA positioning performance will be when only inter-RAT E-UTRA SRS based measurement is used

	E-CID
	· Can use NR RRM measurement used for L3 mobility also for E-CID positioning
	· New efforts needed to support TA+AoA E-CID method
· Requires the basic Cell ID support if E-CID is to also be supported
· Unclear if it can meet the regulatory requirement for NR in June 2018 when used together with the basic cell ID positioning method in the network

	Basic Cell ID
	· Easy to support as long as the concept of cell in NR and a clear definition of NR cell with a NR cell ID exists
	· Cannot meet the regulatory requirement for NR in June 2018 when used as the only positioning method in the network



In the above table, some of the pros that are attractive are highlighted in green and some of the con that are a concern and which requires further investigation are highlighted in red. Based on the pros/cons analysis of different positioning methods the following are proposed for NR positioning in Rel-15:
Proposal 3: Adopt A-GNSS method due to wide use of this method in commercial networks but choose a suitable method for indoor positioning to overcome the issue with A-GNSS for indoor positioning.
Proposal 4: Adopt barometric pressure sensor method as that is the only method than provides vertical location information.
Proposal 5: Send LS to RAN1 and RAN4 to ask the feasibility of inter-RAT E-UTRA RSTD measurement for OTDOA and positioning accuracy performance and measurement performance requirement for OTDOA positioning and whether these can be completed in Release 15. 
Proposal 6: Investigate further how widely WLAN/BT position are used in current commercial networks and whether it can reliably meet the regulatory requirement for NR in June 2018 when used as the only positioning method in the network.
Proposal 7: Investigate further whether the combined basic cell ID plus E-CID positioning methods could meet the regulatory requirement for NR in June 2018 when used as the only positioning method in the network
Proposal 8: Depending on outcome of actions proposed in proposal 5 through proposal 7, choose one of OTDOA, WLAN/BT or Basic Cell ID+E-CID as an addition method in addition to A-GNSS and barometric pressure sensor methods for NR Release 15.
Proposal 9: Rule out MBS and UTDOA from NR Release 15 but include them in Release 16 or in a future release.
3.3	NR positioning protocols and specifications
RAN protocols for positioning in LTE are the LPP and LPPa and are specified in TS 36.355 and TS 36.455. Depending on the positioning methods there is some involvement of the RRC protocol which is specified in TS 36.331. The stage 2 aspect for LTE positioning is specified in TS 36.305. For NR, the RAN protocols and handling of specifications requires discussion and further clarification of the work item objectives. The objective “Transport of LPP messages between 5G-CN and UE through gNB [RAN2]” could be interpreted to literally mean the use of LPP messages defined in TS 36.355 to be transported in some container in a NR message between 5G-CN and gNB and from gNB to UE. Alternatively, it could be interpreted to mean to use the LPP protocol as baseline for the NR protocol terminated between 5G-CN and UE.
Proposal 10: RAN2 is kindly requested to discuss and clarify the objective in the WID whether LPP is used as the baseline for NR positioning protocol or LPP itself is to be used for NR positioning protocol. We propose define a NR positioning protocol based on LPP and be specified in a new specification TS 38.355.
The objective “Transport of LPPa type messages between 5G-CN and NG-RAN hosting E-UTRA (eNB) [RAN2, RAN3]” says “LPPa type messages” rather than “LPPa messages” which could be interpreted to mean to use LPPa as baseline for the NR protocol terminated between 5G-CN and ng-eNB (new term agreed in RAN2 for the node in NG-RAN hosting E-UTRA). This, we assume, is to support inter-RAT OTDOA and support of OTDOA information transfer procedure equivalent to what is defined in TS 36.455. RAN2 and RAN3 must wait for RAN1 and RAN4 for feedback on inter-RAT E-UTRA RSTD measurement, as stated in proposal 5 to progress this objective. At least we can say that LPPa is the baseline for the positioning protocol between 5G-CN and ng-eNB. Similar protocol support for OTDOA information transfer from gNB to 5G-CN is not needed in Rel-15 since NR physical layer is not expected to support PRS transmissions in Rel-15.
Proposal 11: LPPa is used as baseline for the NR protocol for transport of LPPa type messages between 5G-CN and NG-RAN hosting E-UTRA (ng-eNB) for support of inter-RAT OTDOA positioning. Also, support of OTDOA information transfer from gNB to 5G-CN is not required in Rel-15.
The objective “Definition of messages and transport between 5G-CN and NG-RAN hosting NR (gNB) [RAN3, RAN2]” is for RAN3 to discuss and decide but based on proposal 11 we propose that LPPa is the baseline also the NR protocol terminated between 5G-CN and gNB.

4	Conclusion
In this paper, we discussed the RAN protocols and specifications to be used for positioning support in NR. We also analysed the various positioning methods and proposed a set of positioning methods to be adopted for NR positioning in Rel-15. The following are proposed in this paper:
Proposal 1: RAN2 shall select the minimal number of positioning methods, using LTE as baseline, that meets the regulatory requirements and which can address both indoor and outdoor positioning, so as not to affect the NR Release 15 standardization schedule.
Proposal 2: High accuracy positioning methods with centimetre level positioning accuracy are not essential to meet the non-standalone and standalone NR phase 1 standardization completion dates of December 2017 and June 2018 respectively.
Proposal 3: Adopt A-GNSS method due to wide use of this method in commercial networks but choose a suitable method for indoor positioning to overcome the issue with A-GNSS for indoor positioning.
Proposal 4: Adopt barometric pressure sensor method as that is the only method than provides vertical location information.
Proposal 5: Send LS to RAN1 and RAN4 to ask the feasibility of inter-RAT E-UTRA RSTD measurement for OTDOA and positioning accuracy performance and measurement performance requirement for OTDOA positioning and whether these can be completed in Release 15. 
Proposal 6: Investigate further how widely WLAN/BT position are used in current commercial networks and whether it can reliably meet the regulatory requirement for NR in June 2018 when used as the only positioning method in the network.
Proposal 7: Investigate further whether the combined basic cell ID plus E-CID positioning methods could meet the regulatory requirement for NR in June 2018 when used as the only positioning method in the network
Proposal 8: Depending on outcome of actions proposed in proposal 5 through proposal 7, choose one of OTDOA, WLAN/BT or Basic Cell ID+E-CID as an addition method in addition to A-GNSS and barometric pressure sensor methods for NR Release 15.
Proposal 9: Rule out MBS and UTDOA from NR Release 15 but include them in Release 16 or in a future release.
Proposal 10: RAN2 is kindly requested to discuss and clarify the objective in the WID whether LPP is used as the baseline for NR positioning protocol or LPP itself is to be used for NR positioning protocol. We propose define a NR positioning protocol based on LPP and be specified in a new specification TS 38.355.
Proposal 11: LPPa is used as baseline for the NR protocol for transport of LPPa type messages between 5G-CN and NG-RAN hosting E-UTRA (ng-eNB) for support of inter-RAT OTDOA positioning. Also, support of OTDOA information transfer from gNB to 5G-CN is not required in Rel-15.
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