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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In RAN plenary #80, a new study item “Study on NR positioning support” was approved [1] . The objective of this study item is to evaluate potential solutions to address NR positioning requirements as defined in TR 38.913, TS 22.261, TR 22.872 and TR 22.804 while considering E911 requirements by analyzing positioning accuracy (including latitude, longitude and altitude), availability, reliability, latency, network synchronization requirements and/or UE/gNB complexity to perform positioning, and taking into account a preference to maximize synergy where possible with existing positioning support for E-UTRAN. This SI covers RAT dependent, RAT independent, and hybrid of those positioning technologies (hybrid of RAT-dependent positioning techniques as well as hybrid of RAT-dependent and RAT-independent positioning technologies). This study item will study both NR-based RAT-dependent as well as RAT-independent and hybrid positioning methods to address regulatory as well as commercial use cases.
In RAN1 meeting #95, the following agreements were made [2] :

Agreement:
· Combination of DL, UL and DL + UL techniques can be used for NR positioning
· Combination of RAT-dependent and RAT-independent techniques can be considered for NR positioning
In this contribution, we discuss our view on hybrid of RAT dependent and RAT independent positioning techniques in NR.
2. Discussion
As indicated in [1] , identifying positioning solutions of RAT-dependent (NR based) positioning methods in both FR1 and FR2 is the first priority of the study item phase. However, the operation of hybrid operation RAT-dependent and RAT-independent should also be covered so that it can be as reference in the work item phase. This could be can be in the immediate work-item in rel.16 or any other future releases. The motivation of supporting hybrid positioning is driven by these facts:
· RAT-independent positioning techniques in NR have been introduced in NR rel-15. It includes GNSS, Wi-Fi, Bluetooth, TBS, Barometric pressure sensor, and motions sensors (IMU). These RAT-independent techniques are basically the legacy RAT-independent techniques in LTE.
· The performance targets for RAT dependent solutions evaluated during study item phase [3] is below the commercial target as defined in [4] .

WG SA1 has made efforts in defining positioning requirements particularly for industrial / commercial requirements. All of the Rel-16 RQs and KPIs, including for positioning, are described in TS 22.261 [4]. 

It can be observed that the commercial positioning accuracy requirements as described in TS 22.261 is tighter than the target performance requirements of RAT dependent techniques in TR 38.855. For example, the minimum accuracy for the RAT dependent techniques is around 3m which is significantly higher than 0.2m requirement as in [4].
Observation 1: Commercial positioning accuracy requirements as described in TS 22.261 is tighter than the target performance requirements of RAT dependent techniques in TR 38.855.

One possible solution to achieve commercial requirements as defined in TS 22.261 is by performing hybrid RAT-independent and RAT-dependent. GNSS as one of the RAT-independent techniques may perform well in rural area where the availability of RAT-dependent can be limited. Similarly, in indoor environment (e.g. office building), Wi-Fi and Bluetooth are widely available and thus, it can be used for positioning estimation purpose. Barometric pressure sensor has also been commonly used for vertical positioning. All of these RAT-independent can be used independently or jointly together with RAT-dependent for positioning estimation purpose.

One example which we would like to highlight is the usage of motion sensors for hybrid positioning. almost all smartphones and tablets contain motions sensors (e.g. accelerometer, gyroscope, magnetometer). The accelerometer measures the acceleration of the device, by measuring the forces affecting the sensor. The measurements returned are expressed in speed per second (in m/s2). The acceleration is related to the 3 axes (x,y,z) of the device coordinate system. The gyroscope measures the angular velocity around the three axes of the phone. The measurements returned are expressed in degrees or radians per second, and indicate how the device is rotating. Integrating the gyroscope output provides the total change in angle during the integration time. The magnetic sensor measures the strength and direction of the magnetic field affecting the phone in three axis. The measurements are expressed in micro-Tesla. An Inertial Navigation System (INS) estimates the position and orientation of a moving body (i.e. smartphone) by continuously tracking the output from a number of sensors attached to the body.

In order to be able to used it for navigation and relate the sensor input to geographical position, a well-defined coordinate system as reference is required. Another aspect which may affecting the hybrid positioning is uncertainty in the positioning measurements due to different factors such as the mobility of the UE. Changing of radio environment due to mobility and multipath fading channel may reduce the measurement quality of RAT-dependent technique (OTDOA). Here, we consider the positioning estimation obtained by RAT-dependent can be used as the initial and/or reference position. By using the motions sensors, the positioning estimates can be enhanced, not only when used in the UE, but in particular in the location server (E-SMLC) (UE-assisted). Location server receives the fix positioning points from the multiple measurement occasion using RAT-dependent (e.g. OTDOA) or GNSS based methods. In addition, it may also receive the motions sensors information from the UE. 
Observation 2: Hybrid operation of motions sensors and RAT dependent technique can improve positioning accuracy.

The above is an example of the hybrid operation of RAT independent and RAT dependent. In practice, we should consider all RAT-independent positioning techniques that have been introduced in NR rel-15.
Proposal 1: All RAT-independent positioning techniques in NR rel.15 (including motion sensors) shall be considered for the NR hybrid positioning solutions.

Considering the positioning estimation can be based on both RAT-dependent and RAT-independent measurements, the design of Hybrid RAT dependent and independent shall strive to improve the positioning accuracy.
Proposal 1: The design of Hybrid RAT dependent and independent shall strive to improve the positioning accuracy.

It is also known that the usage of RAT-independent techniques cannot be evaluated within RAN1 as it requires some components (e.g. sensor) beyond RAN1 expertise. Thus, we can expect there is no RAN1 specification impact. The inclusion of RAT independent and its hybrid operation are typically handled by RAN2 (e.g. impact to LPP protocol).
Observation 3: The inclusion of RAT independent techniques and the hybrid operation with RAT dependent are typically handled by RAN2 and it is expected no RAN1 specification impact.

3. Conclusion 
In this contribution, we have discussed our view on hybrid RAT-dependent and RAT-independent in NR. Our observations and proposal can be found below:
Observation 1 - Commercial positioning accuracy requirements as described in TS 22.261 is tighter than the target performance requirements of RAT dependent techniques in TR 38.855.
Observation 2 - Hybrid operation of IMU sensor and RAT dependent technique can improve positioning accuracy.
Observation 3 - The inclusion of RAT independent techniques and the hybrid operation with RAT dependent are typically handled by RAN2 and it is expected no RAN1 specification impact.
Proposal 1 - All RAT-independent positioning techniques in NR rel.15 (including motion sensors) shall be considered for the NR hybrid positioning solutions.
Proposal 2 - The design of Hybrid RAT dependent and independent shall strive to improve the positioning accuracy.
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