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Introduction
In RAN#76, it has been agreed that 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 [1]. 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



Therefore, the following addition has been added to WID [2] for providing the support. In this paper, we discuss how the support can be added to include both RAT-independent like GNSS, WiFi, BT, and also the E-UTRA-dependent positioning methods such as OTDOA and ECID via LPP messages.
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].


[bookmark: _Ref178064866]Discussion
Figure 1 illustrates the LTE positioning architecture based on control plane signaling. Both LPP and LPPa are routed via the Mobility Management Entity (MME) via S1AP and SLs, and RRC Non-Access Stratum (NAS) transport LPP messages between E-SMLC and UE. 
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Figure 1: LTE Positioning Architecture
The 5G architecture is work in progress. At this stage, some interfaces and protocols have been introduced. As illustrated by Figure 2, one expected outcome of this WID [2] is the introduction of positioning signalling NRPPa between gNB and LMF (Location Management Function). Eventually, it is anticipated that positioning signalling NRPP between the UE and the LMF also will be introduced. 
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Figure 2: NR Positioning Architecture (until now)
LTE Positioning Protocol 
In LTE, LTE Positioning Protocol (LPP) is used to provide the following main functions:
· To provision the E-SMLC (Evolved-Serving Mobile Location Centre) with the positioning capabilities of the UE
· To transport assistance data from the E-SMLC to the UE
· To provide the E-SMLC with positioning estimation or UE measured signals 
· To report errors during the positioning session
To enable the similar functionalities in 5G for LMF, the scope of LPP should be fully supported by NR system architecture and SA NR devices. Moreover, similar to LTE, there is a need for RRC support for LPP transport, and that Direct Transfer messages could be designed for NR in a similar manner as in LTE.
 
The full scope of LPP shall be supported by NR System Architecture and NR devices.
NR RRC shall support LPP transport similar to LTE RRC.
Direct Transfer messages in NR shall be designed in a similar manner as in LTE.

Below is the list of positioning methods defined in LTE and supported by LPP according to TS 36.355 [3]. Below we grouped these messages into RAT-independent and E-UTRAN RAT dependent positioning methods.

E-UTRAN RAT dependent positioning methods:
1- OTDOA 
2- Enhanced Cell ID
3- Terrestrial Beacon System (PRS-based)
RAT independent positioning methods:
4- GNSS/A-GNSS
5- Terrestrial Beacon System (MBS)
6- Sensor-based 
7- WLAN-based 
8- Bluetooth-based


Observation 1 LPP support for E-UTRAN RAT dependent positioning methods include OTDOA, ECID and PRS-based TBS positioning schemes.
Observation 2 LPP support for RAT independent positioning methods include GNSS/A-GNSS, MBS, sensor, WLAN and Bluetooth- based positioning schemes.

Currently, there is an ongoing WI in Rel. 15 [4] discussing on UE positioning accuracy enhancements for LTE, while the WI is recently started, according to the objective there is a great potential to have support for RTK GNSS based and IMU-based positioning added to LPP.

Observation 3 LPP may also support RTK-GNSS and IMU-based positioning.

As the above positioning methods have all been well studied and added to LTE to fulfil the positioning regulatory requirements, it is logical to transport the similar positioning methods to NR as some backbone support. We believe that the positioning supports which will be added in Rel.15 LTE should not be excluded from Rel.15 NR. 

[bookmark: _Hlk489953372]To comply with positioning requirements of Rel.15 NR, LPP for E-UTRAN RAT dependent and RAT independent positioning schemes including the ones added in Rel.15 LTE may be transported between 5G-CN and UE. 

By transporting LPP between 5G-Core Network (5G-CN) and UE through gNB which is part of Next Generation-Radio Access Network (NG-RAN), it is possible to provide similar positioning support in LTE for the NR architecture option 4 which is presented in Figure 3.  Other options (e.g. the case when the UE is only connected to NR but performs measurements in E-UTRA) need further studies.
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Figure 3: Architecture option 4 in NR

Observation 4 Transporting of LPP between 5G-CN and UE through gNB supports positioning at least in the architecture option 4.

LTE Positioning Protocol A
Below is the list of messages that is carried out via LPPa according to TS 36.455 [5]. The positioning methods involved in LPPa are in the category of E-UTRAN RAT dependent.

LPPa support for E-UTRAN RAT dependent positioning methods:
1- ECID Location Information Transfer 
2- OTDOA Location Information Transfer 
3- UTDOA Location Information Transfer 
4- Reporting of General Error Situations

Observation 5 LPPa supports ECID, OTDOA and UTDOA, which are all E-UTRAN RAT dependent positioning schemes. 

While it is possible to support corresponding UTDOA information exchange in NRPPa, the NR architecture has yet not have any support for Location Management Unit (LMU) and the dedicated interface (SLm) required in UTDOA method. Hence, we propose to not add UTDOA at this stage until further progress in SA2 work. 

Support for UTDOA method in NR may be revisited in further releases after further progress in SA2 work.  

By transporting LPPa between 5G-CN and NG-RAN hosting E-UTRA, it is possible to provide similar positioning support in LTE for the NR architecture option 7 which is presented in Figure 4.  
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  Figure 4: Architecture option 7 in NR

Observation 6 Transporting of LPPa between 5G-CN and NG-RAN hosting eNB supports the architecture option 7.

To comply with positioning requirements of Rel.15 NR, ECID and OTDOA LPPa messages for E-UTRAN RAT dependent positioning schemes may be transported between 5G-CN and NG-RAN hosting eNB. 

There is very low probability in having new additions to LPPa messages for the Rel.15 LTE WI [4], and therefore it is highly probable that no further LPPa message addition would be considered. 

There is a note in the WID that the objective of this item is intended for the architecture options 4 and 7, and can be reused for option 5. We believe this text is slightly ambiguous and there is further need for clarification at RAN2 meeting. Our understanding is that option 2 which is NR standalone is not a candidate architecture for this first bullet, and that architecture 4 mainly maps to LPP transport and architecture 7 corresponds to LPPa transport. 

RAN2 shall have further discussion on clarification of the first Note in the objective.
Conclusion
In the previous section, the following has been observed:

Observation 1 LPP support for E-UTRAN RAT dependent positioning methods include OTDOA, ECID and PRS-based TBS positioning schemes.
Observation 2 LPP support for RAT independent positioning methods include GNSS/A-GNSS, MBS, sensor, WLAN and Bluetooth- based positioning schemes.
Observation 3 LPP may also support RTK-GNSS and IMU-based positioning.
Observation 4 Transporting of LPP between 5G-CN and UE through gNB supports positioning at least in the architecture option 4.
Observation 5 LPPa supports ECID, OTDOA and UTDOA, which are all E-UTRAN RAT dependent positioning schemes. 
Observation 6 Transporting of LPPa between 5G-CN and NG-RAN hosting eNB supports the architecture option 7.

Based on these observations, we have proposed the following:

1. The full scope of LPP shall be supported by NR System Architecture and NR devices.
NR RRC shall support LPP transport similar to LTE RRC.
Direct Transfer messages in NR shall be designed in a similar manner as in LTE.
To comply with positioning requirements of Rel.15 NR, LPP for E-UTRAN RAT dependent and RAT independent positioning schemes including the ones added in Rel.15 LTE may be transported between 5G-CN and UE. 
Support for UTDOA method in NR may be revisited in further releases after further progress in SA2 work.  
To comply with positioning requirements of Rel.15 NR, ECID and OTDOA LPPa messages for E-UTRAN RAT dependent positioning schemes may be transported between 5G-CN and NG-RAN hosting eNB. 
RAN2 shall have further discussion on clarification of the first Note in the objective.
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Option 4: Non-Standalone/NR assisted, 5G-CN connected Option 4a: Non-Standalone/NR assisted, 5G-CN connected
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Option 7: Non-Standalone/LTE assisted, 5G-CN connected Option 7a: Non-Standalone/LTE assisted, 5G-CN connected





image1.png
UE

E-SMLC

|

LPP
T536.355 LPPa 55| LCSAP
TS 36.455 T529.171
|_LTEUY  eNodeB s MME Sl | GMLC
S — e—
RRC T529.172

TS 36.331





