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1 Introduction

In the RAN#76 meeting, the NR WID was revised to support positioning in order to comply with regulatory requirements [1]. 
	-
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].


This paper provides discussion on potential positioning technologies in NR.

2 Discussion
Public safety and commercial services call for positioning at everywhere. Due to complexity of real networks, it is difficult to have a unique solution throughout the entire network while providing consistent performance and user experiences. A set of technologies is a better and cost-efficient solution that addresses the various use cases as well as various network infrastructure conditions. 
For example: In hot spot denser NR deployment, NR cellular positioning could provide high accuracy positioning equal or better than GNSS. For indoor scenario where GNSS failed, depending on network infrastructure conditions, NR cellular positioning using macro cell or small cell, Wi-Fi access point can also provide positioning capabilities.
This paper provides initial discussion on potential positioning technologies that can be supported in NR.
RAT independent technologies

· A-GNSS: 

Due to limited bandwidth of GNSS link, UE may require 15 minutes in order to acquire all the information for the first location fix without network help. A-GNSS provides fast time to first fix (TTFF) capability, which is important in the public safety and commercial services. Optionally, A-GNSS can also provide correction data to overcome e.g. signal distortion caused by ionosphere. 
3GPP supports A-GNSS in LTE since Release 9. Both UE based mode and UE assisted mode is supported. 
Specification impact: 
RAN1: No impact

RAN2/RAN3: transport of LPP messages between 5G-CN and UE through gNB. Support both UE based and UE assisted mode.
RAN4: UE requirement and test cases, similar as LTE A-GNSS performance requirement TS36.171. 
· WLAN and Bluetooth positioning

WLAN/Bluetooth network infrastructures are widely deployed and UEs generally have WLAN/Bluetooth capabilities. Positioning accuracy can be improved by introducing WLAN/Bluetooth based positioning technologies.
To utilize WLAN/Bluetooth signals for positioning purpose, UE identifies MAC address of WLAN/Bluetooth and reports it to the LMF. Since the coverage of WLAN/Bluetooth is small, the location of UE can be derived using WLAN/Bluetooth AP location. RF pattern matching methods can also be used. LMF matches the WLAN/Bluetooth measurement results with RF pattern database to produce accurate positioning results. 
3GPP supports WLAN/Bluetooth positioning in LTE since Release 13 indoor positioning work item. Both UE based mode and UE assisted mode is supported. 
Specification impact: 
RAN1 and RAN4:

UE based mode: No impact
UE assist mode: Define at least WLAN/Bluetooth RSSI measurement and related UE core requirement and performance requirement, similar as LTE RAT-independent performance requirement TS37.171
RAN2 and RAN3: Transport of LPP messages between 5G-CN and UE through gNB. 
· Barometric sensor positioning

Vertical positioning is important for public safety. Barometric sensor is a matured technology that can be used to derive altitude. In the barometric pressure positioning method, the UE vertical component of the position is estimated by combining the measured atmospheric pressure and a reference atmospheric pressure. This is accomplished through barometric sensors measuring atmospheric pressure at the UE, and applying a height determination algorithm using the reference atmospheric pressure in the assistance data for finer calibration. The 3D coordinate can be derived by combining barometric sensor with other positioning methods. 
3GPP supports barometric sensor positioning in LTE since Release 13. Both UE based mode and UE assisted mode is supported. 
Specification impact: 
RAN1 and RAN4: No impact
RAN2 and RAN3: transport of LPP messages between 5G-CN and UE through gNB. 
· TBS positioning

A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. 

TBS positioning signals may be GNSS-like signals (e.g. GPS, GLONASS, BDS, Galileo signals) or PRS/PRS-like signals. The operating band of TBS may be licensed or unlicensed.
3GPP supports TBS positioning in LTE since Release 13. Both UE based mode and UE assisted mode is supported.
Specification impact: 
RAN1 and RAN4: No impact
RAN2 and RAN3: transport of LPP messages between 5G-CN and UE through gNB. 
Proposal 1: Support RAT-independent technologies including A-GNSS, WLAN, Bluetooth, Barometric sensor and TBS in Rel-15. 
RAT dependent technologies

GNSS has low availability in the central urban due to city valley/high building, tree shadow, tunnel and bridge, high power consumption. Comparing with GNSS, NR RAN has potential to support equal or better precision positioning due to large BW, finer chip resolution/frame structure, beam forming, high spectrum efficiency, denser deployment, more line of sight opportunities, long battery life. 
According to the WID, Rel-15 NR positioning focus on using LTE for RAT dependent positioning. Limited impact on NR RAN side is expected to speed up the standard progress.
· LTE CID/E-CID positioning

The traditional CID positioning only reveals UE location within a sector of the macro cell without exact location. Considering tradition hexagonal grid with 3 sectors per site and 500 meter inter site distance, the positioning accuracy for CID is quite limited. E‑CID technologies use RSRP, UE Rx-Tx time difference, eNB Rx-Tx time difference and AoA measurement to improve the UE location estimation from the initial estimated location based on its serving cell. As shown in figure 1, with RTT (Round trip time) information derived from UE/eNB Rx-Tx time difference, the distance between UE and eNB could be calculated. With AOA information from eNB side (using smart antenna), the relative direction of UE to the eNB can also be known. Therefore, the exact location of UE can be acquired using AOA and RTT information. 
According to the WID, only LTE E-CID in DC mode and NR CID (and cell portion ID) method will be supported in this release. NR RSRP based E-CID and potential NR UE Rx-Tx time difference E-CID can be supported in the future release. The requirements for NR CID/cell portion ID positioning are discussed below; in this section we consider the impacts for support of LTE based E-CID.
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Fig. 1. E-CID positioning principle with extra RTT and AOA measurements

Specification impact: 
RAN1 and RAN4: No impact
RAN2 and RAN3: 
Transport of LPPa messages between 5G-CN and NG-RAN hosting E-UTRA (eNB).  Transport of LPP messages between 5G-CN and UE through gNB.
· NR CID/cell portion ID positioning

For the UE served by NR, the WID identifies the intention to support cell ID and cell portion ID positioning. This provides a coarse positioning fix as discussed above, with the benefit of no impact on the UE and no need to insert NR specific information into LPP.  The positioning server in 5G-CN will need to receive the information from the serving gNB, thus it is necessary to have messaging between gNB and 5G-CN to support this method.  There could be a new protocol (e.g. “NRPPa”), or it could be considered to propagate the measurements as IEs in the NG2 interface directly; RAN3 can discuss the options.
Specification impact: 
RAN1, RAN2, RAN4: No impact
RAN3: Definition of messages and transport between 5G-CN and NG-RAN hosting NR (gNB) 
· LTE OTDOA

OTDOA technologies measure timing of downlink signals received from multiple eNodeBs at the UE. The UE measures the timing of the received signals using assistance data received from the positioning server, and the measurements result are used to locate the UE in relation to the neighboring eNBs.

Potential interruption to NR may occur due to RSTD measurement on LTE. Measurement gap or idle period may be needed for location related inter-RAT measurements.  In addition to the actual RSTD measurements, since OTDOA requires the UE to determine the SFN of at least one measured cell, there may be cases with NR master in which a gap is also needed to determine the SFN of an LTE cell.
Specification impact: 
RAN1: No impact
RAN2 and RAN3: 

In Option 4 when NR is the master, Inter-RAT RSTD measurement gap request mechanism may be needed since gNB doesn't know LTE OTDOA request.   The need to determine SFN of a measured cell also needs to be considered; it could require a longer gap or idle period.
RAN4: Measurement gap or idle period for LTE RSTD inter-RAT measurements
Proposal 2: Support RAT-dependent technologies in NR, including NR CID/cell portion ID positioning, LTE E-CID and LTE OTDOA positioning.
· LTE UTDOA

UTDOA technologies measure timing of uplink signals received at multiple Location Measurement Units (LMUs) from the UE. The LMUs measure the timing of the received signals, and the measurement results are used to locate the UE in relation to the LMUs.

In our understanding, UTDOA cannot be supported in the currently considered positioning architecture in SA2, since there are no LMUs and no equivalent of the SLm interface.
Proposal 3: Do not support LTE UTDOA in NR.  This can be revisited if SA2 incorporate support for UTDOA into the architecture in future.
3 Conclusion
This paper provides discussion on potential positioning technologies in NR.

Proposal 1: Support RAT-independent technologies including A-GNSS, WLAN, Bluetooth, Barometric sensor and TBS in Rel-15. 
Proposal 2: Support RAT-dependent technologies in NR, including NR CID/cell portion ID positioning, LTE E-CID and LTE OTDOA positioning.
Proposal 3: Do not support LTE UTDOA in NR.  This can be revisited if SA2 incorporate support for UTDOA into the architecture in future.
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