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1. 
Introduction

The NR WI for Rel-15 which was revised and approved in RP-171485 at RAN#76 [1] contains the following objectives related to positioning:
	-
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].


Table 1: NR Positioning Objectives from revised WI in RP-171485
The objectives clarify that RAT independent and E-UTRA RAT dependent position methods will be supported – which would mostly or completely mean existing methods already defined for E-UTRA access in Rel-14 (or possibly to be added in Rel-15). NR specific methods are excluded except for NR CID and cell portion positioning. However, NR specific position methods may need to be supported in Rel-16.
The evaluation here looks at how the Rel-15 objectives may be realized for the different NG-RAN architecture options and how new NR RAT dependent position methods can be added later in a backward compatible manner.
2. 
High Level Architecture 

Development of an overall system architecture for the 5G system in SA2 is still ongoing but has achieved agreement on a high level roaming and non-roaming architecture for support of positioning in Annex B of TS 23.501 [2]. This is excerpted below.
	B.1
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

GMLC
Gateway Mobile Location Centre

HGMLC
Home GMLC

LMF
Location Management Function

LRF
Location Retrieval Function

VGMLC
Visited GMLC
B.2
Non-Roaming Reference Architecture

Figure Y.2-1 shows architectural support for location services for non-roaming scenarios using a point to point (P2P) reference point representation.

Editor's note:
The architecture for the service based representation is FFS.

Only entities directly relevant to location services are shown.
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Figure B.2-1: Non-roaming reference architecture for Location Services

Editor's note:
It is FFS whether the NGLs reference point includes the GMLC or AMF

B.3
Roaming Reference Architecture

Figures B.3-1 shows the architectural support for location services for roaming scenarios using a point to point (P2P) reference point representation.

Editor's note:
The architecture for the service based representation is FFS.

Only entities directly relevant to location services are shown.
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Figure B.3-1: Roaming reference architecture for Location Services 

Editor's note:
It is FFS whether the NGLs reference point includes the GMLC or AMF.


Table 2: Positioning Support for 5G System Architecture from TS 23.501 Annex B
It has not yet been decided in SA2 whether the GMLC will have a reference point to the LMF or to the AMF. However, this need not affect progress in RAN2, since positioning support only needs to consider the UE, NG-RAN, the AMF and the LMF. These entities are shown above in yellow highlight and map one to one to entities that support positioning for E-UTRAN access as defined in TS 36.305 [3] and shown below.
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Figure 1: UE Positioning Architecture applicable to E-UTRAN from TS 36.305
The mapping between Figure 1 and Figures B.2-1 and B.3-1 in TS 23.501 [2] is shown in Table 3 with an added row showing the eNB to gNB mapping.
	E-UTRAN
	NG-RAN

	E-SMLC
	LMF

	MME
	AMF

	E-UTRAN
	NG-RAN

	eNB
	gNB

	SLs interface
	NGLs interface

	S1 interface
	N2 interface


Table 3: Mapping between E-UTRAN related position elements and NG-RAN related position elements
This leads to the following observation and proposal.
Observation 1:
The draft positioning related architecture in TS 23.501 [2] maps one to one to the E-UTRAN positioning architecture in TS 36.305 [3] with respect to elements used for positioning.
Proposal 1:
Positioning elements in the draft positioning related architecture in TS 23.501 [2] should be used as the basis for positioning support for NG-RAN in Release 15.
3. 
Detailed Architecture 

Based on Proposal 1, Figures 2 and 3 show more detailed architectural applicable to positioning for architectural options 2, 4, 5 and 7 for NG-RAN in TR 38.801 [4]. Although the WI in RP-171485 [1] does not mention option 2 (for standalone NR), it seems appropriate to include it.
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Figure 2: Detailed Architecture and Protocols for NG-RAN Option 2 (solid lines), Option 4 NR side (solid lines) and Option 4 eLTE side (dashed lines)
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Figure 3: Detailed Architecture and Protocols for NG-RAN Option 5 (solid lines), Option 7 eLTE side (solid lines) and Option 7 NR side (dashed lines)
Figures 2 and 3 show how the existing LPP [5] and LPPa [6] protocols used for E-UTRAN positioning could be adapted or replaced by new protocols for NG-RAN. These adapted or new protocols are referred to as “NPP” and “NPPa”, respectively, in Figures 2 and 3, though other names are possible such as “NRPP” and “NRPPa”. The names are purely for convenience and do not rule out that NPP might be an extension of LPP and/or that NPPa might be an extension of LPPa. It is also not ruled out that different NG-RAN options might use different protocols – e.g. such as using new NPP and NPPa protocols for NR access via a gNB and existing LPP and LPPa protocols for LTE access via an ng-eNB. These aspects are considered further down. It is noted that such possibilities can be consistent with the WI in RP-171485 [1] which refers to “Transport of LPP messages between 5G-CN and UE through gNB” and to “Transport of LPPa type messages between 5G-CN and NG-RAN hosting”.
4. 
Alternatives for NPP
With regard to NPP, the WI assumes that NPP will correspond to LPP in Rel-15, which avoids a lot of extra impact in Rel-15 to create a different NPP protocol. However, in later releases there will almost certainly be new NR RAT specific position methods. Different alternatives to support these after Rel-15 using a new or LPP adapted NPP protocol are shown in Table 4.

	A1. NPP is an extension of LPP with new NR RAT dependent (and RAT independent) position methods added to LPP

A2. NPP is an entirely new protocol defining its own set of RAT dependent and RAT independent position methods

A3. NPP is a new protocol restricted to NR RAT dependent position methods only and used in combination with LPP when RAT independent positioning (or E-UTRA RAT dependent positioning) is needed in one of three variants:

a. LPP embeds NPP as a new EPDU

b. NPP embeds LPP

c. LPP and NPP are separate and may both be included in the same NAS transport container

A4. NPP is a new protocol that embeds portions of LPP to support RAT independent position methods and/or E-UTRA RAT dependent position methods (e.g. via importing ASN.1 data types from LPP)


Table 4: Alternatives for NPP after Release 15 
While the different alternatives in Table 4 would be most applicable to positioning a UE with NR access, they are also potentially applicable to positioning a UE with LTE access to an ng-eNB in NG-RAN due to the possibility of using NR RAT dependent position methods for nearby gNBs whose signals are measurable by the UE. Therefore, there may not be any need to use different positioning protocols such as LPP for a UE with eLTE access and NPP for a UE with NR access to NG-RAN.
Alternatives A1, A3a and A3c in Table 4 appear to be backward compatible with use of LPP in Rel-15. However. alternatives A2, A3b and A4 do not appear to be backward compatible due to possible problems in continuing to support a Rel-15 UE or Rel-15 LMF that still uses LPP. However, for Release 15 no decision on NPP needs to be made, and alternatives A1, A3a and A3c appear to provide at least three alternative ways to evolve to a new NPP in a later release. This leads to the following observation.
Observation 2:
Continuing to use LPP for NG-RAN positioning in Rel-15 is consistent with several alternatives for evolving UE positioning support in later releases without backward compatibility problems.
5. 
Alternatives for NPPa
With regard to NPPa, the WI refers to “LPPa type messages” which allows for continuing use of LPPa as well as a new protocol similar to LPPa. However, since network based NR CID and cell portion positioning needs to be supported in Release 15, use of LPPa as in Rel-14 is not possible and a new or adapted protocol, referred to here as NPPa, will be needed even in Rel-15. Table 5 shows some different alternatives for NPPa in Rel-15 and later releases which are analogous to the different alternatives for NPP in later releases shown in Table 4.

	B1. NPPa is an extension of LPPa with new NR RAT dependent position methods added to LPPa

B2. NPPa is an entirely new protocol defining its own set of RAT dependent (and possibly RAT independent position methods) including possibly position methods copied from LPPa

B3. NPPa is a new protocol restricted to NR RAT dependent position methods only and used in combination with LPPa to support E-UTRA position methods with one of three variants:
a. LPPa embeds NPPa

b. NPPa embeds LPPa

c. LPPa and NPPa are separate with both allowed in the same N2-AP transport container

B4. NPPa is a new protocol that embeds portions of LPPa to support E-UTRA position methods applicable to NG-RAN (e.g. via importing ASN.1 data types from LPPa)


Table 5: Alternatives for NPPa in Release 15 and later Releases
A decision on which of the alternatives in Table 5 should be used (or whether some other alternative is better) can be left to RAN3. Part of the decision may also concern whether a new NPPa protocol is only used between an LMF and gNB or whether it is also used between an LMF and an ng-eNB for LTE access. For example, a decision to retain existing LPPa for eLTE access could simplify specification work (e.g. by allowing continued use of the stage 2 in TS 36.305 [3] and stage 3 in TS 36.455 [6]) and simplify implementation (by allowing reuse of existing eNB and E-SMLC functions) but might reduce flexibility (e.g. by requiring support for LMUs for U-TDOA). A decision to use a new NPPa for both NR and eLTE access to NG-RAN could have the opposite effects.
Any such decisions appear to be supportable according to the more detailed archirtecture shown in Figures 2 and 3 and so need not especially concern RAN2. In addition, since any new NPPa protocol would be used from Rel-15 onwards, the type of backward compatibility problems described previously for NPP should be avoidable. This leads to another observation.

Observation 3:
There are several alternatives to create a new NPPa protocol in Rel-15 which can be left to RAN3 to evaluate and decide. The different alternatives need not create backward compatibility problems in later releases. 
6. 
Stage 2 in 38.305 
The WI agreed in RP-171485 [1] includes a new stage 2:

38.305:
NR; Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN

Because existing position methods already defined for E-UTRA in TS 36.305 [3] will continue to be supported and no new NR RAT dependent position methods will be added except for network based NR CID and cell portion positioning, the new stage 2 may not need to define position methods in the same level of detail as in TS 36.305 and could just reference the definitions there. 
However, the stage 2 should define the new architectural aspects (e.g. as shown in Figures 2 and 3 here) for the different NG-RAN options, the transport of LPP, NPP (and LPPa) messages, protocol layering, node functions and high level positioning procedures.
It is assumed here that location support for eLTE NG-RAN access can also be defined at a stage 2 level in TS 38.305 rather than by expanding TS 36.305. For example, this will allow more flexibility including using a new NPPa protocol for ng-eNBs and not supporting certain E-UTRA location capabilities such as LMUs. This leads to the following proposal.
Proposal 2:
TS 38.305 will define stage 2 positioning for NG-RAN for both NR and eLTE access
Based on proposal 2, some possible high level content for TS 38.305 is shown in Table 6 in association with existing content for 36.305.

	Section
	36.305
	38.305

	1
	Scope
	Scope
· similar to 36.305 but adapted to NG-RAN

	2
	References
	References

	3
	Definitions and Abbreviations
	Definitions and Abbreviations
· e.g. copy applicable ones from 36.305

	4
	Main Concepts and Requirements
	Main Concepts and Requirements

· e.g. copy/paste from 36.305 with changes for NG-RAN

	5
	E-UTRA UE Positioning Architecture

· E-UTRAN architecture
· UE and E-UTRAN positioning operations
· Functions of UE, eNB, E-SMLC, LMU
	NG-RAN UE Positioning Architecture
· One or more architecture diagrams applicable to options (2), 4, 5 and 7

· UE and NG-RAN positioning operations
· Functions of UE, gNB, ng-eNB, LMF

	6
	Signaling Protocols and Interfaces
· LTE-Uu, S1-MME, SLs, SLm interfaces

· LPP, RRC, LPPa. S1-AP protocols
· Protocol layering and PDU transfer for LPP, LPPa, SLmAP
	Signaling Protocols and Interfaces
· NR-Uu, eLTE-Uu, N2, NGLs interfaces

· LPP, RRC, NPPa, (LPPa,) N2-AP protocols

· Protocol layering and PDU transfer for LPP and NPPa (LPPa) for Options (2,) 4, 5, 7

	7
	General E-UTRAN UE Positioning procedures

· LPP procedures

· LPPa procedures

· MT-LR, NI-LR, MO-LR procedures

· SLmAP procedures
	General NG-RAN UE Positioning procedures
· LPP procedures

· NPPa (LPPa) procedures
· NI-LR (,MT-LR, MO-LR) procedures (note)

Note: SA2 will need to define these, though NI-LR support at least is expected for emergency calls

	8
	Positioning methods and Supporting Procedures
· A-GNSS

· Downlink positioning (OTDOA)
· ECID (uplink and downlink)

· Downlink supporting procedures using LPPa

· Uplink positioning (U-TDOA)

· Barometric Sensor positioning

· WLAN positioning

· Bluetooth positioning

· TBS positioning (MBS)
	Positioning methods and Supporting Procedures
· A-GNSS

· Downlink positioning (OTDOA) for eLTE

· ECID (uplink and downlink) for eLTE

· Downlink supporting procedures using NPPa (LPPa) for eLTE

· Barometric Sensor positioning

· WLAN positioning

· Bluetooth positioning

· TBS positioning (MBS)

· ECID for NR using CID and cell portion ID

Note: it does not seem necessary (or efficient) to copy all the detail from 36.305 for E-UTRA applicable methods and hence references to 36.305 could be used.

	Annex A
	Definition and Terms
· This is empty in 36.305
	May not be needed in 38.305

	Annex B
	Use of LPP with SUPL

· SUPL 2.0 positioning methods and positioning protocols

· SUPL 2.0 and LTE Architecture
· LPP session procedures using SUPL
· Procedures combining C-plane and U-plane operations
	Use of LPP with SUPL (note)
· SUPL 2.0 positioning methods and positioning protocols

· SUPL 2.0 and NG-RAN Architecture

· LPP session procedures using SUPL
· Procedures combining C-plane and U-plane operations

Note; references to 36.305 can be used for aspects that are independent of the RAN.


Table 6: Possible Content for NG-RAN Location Stage 2 (38.305) compared to E-UTRA Stage 2 (36.305)
Table 6 leads to the following observation.
Observation 4:
The stage 2 in TS 38.305 can be structured in the same was as the E-UTRA stage 2 in TS 36.305 and can copy or reference portions of 36.305 that apply without change to NG-RAN.
7. 
Conclusions 
The preceding observations arnd proposals are copied below. 
Observation 1:
The draft positioning related architecture in TS 23.501 [2] maps one to one to the E-UTRAN positioning architecture in TS 36.305 [3] with respect to elements used for positioning. 
Observation 2:
Continuing to use LPP for NG-RAN positioning in Rel-15 is consistent with several alternatives for evolving UE positioning support in later releases without backward compatibility problems. 
Observation 3:
There are several alternatives to create a new NPPa protocol in Rel-15 which can be left to RAN3 to evaluate and decide. The different alternatives need not create backward compatibility problems in later releases. 
Observation 4:
The stage 2 in TS 38.305 can be structured in the same was as the E-UTRA stage 2 in TS 36.305 and can copy or reference portions of 36.305 that apply without change to NG-RAN.
Proposal 1:
Positioning elements in the draft positioning related architecture in TS 23.501 [2] should be used as the basis for positioning support for NG-RAN in Release 15. 
Proposal 2:
TS 38.305 will define stage 2 positioning for NG-RAN for both NR and eLTE access.
A proposal for the high level structure of TS 38.305 that fulfills observation 4 and proposal 2 is provided in a separate contribution. 
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