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Introduction
The following conclusion was made on the SI for NR positioning [1]:
	Conclusion:
Results provided by companies for techniques not addressed by the results in Section 8 of the TR can be included in Section 7.2 of the TR
Note: No common simulation assumptions have been agreed for RAT independent and hybrid positioning methods



In this contribution, we further discuss the potential NR hybrid positioning techniques based on combining NR RAT-dependent and RAN-independent techniques.

RAT-Independent Positioning
Different RAT-independent techniques are already supported for LTE positioning, including:
GNSS positioning methods
GNSS (Global Navigation Satellite System) is a term used globally to represent the satellite navigation systems that are capable of providing positioning in global coverage. Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), Quasi Zenith Satellite System (QZSS), and BeiDou Navigation Satellite System (BDS). For the environment where GNSS signals are available, GNSS indeed has the superior advantage of accuracy, redundancy and availability for positioning than any other positioning systems. GNSS is capable of providing a 3D (x,y,z) positioning accuracy within a few meters in global coverage. With differential technology GNSS can even provide the positioning accuracy of sub-meter or even centimeter level. The major inherent defect with GNSS for mobile positioning is that the GNSS signals may not always be available at the environment where the mobile positioning is needed, such as at indoor environment. 
GNSS positioning should have no impact on the design of NR physical layer, although RAN1 may need to define the GNSS related measurements, such as UE GNSS code measurements, UE GNSS carrier phase measurements, etc. in TS 38.215.
WLAN positioning
The WLAN positioning method makes use of the WLAN measurements (AP identifiers and optionally other measurements) and databases to determine the location of the UE.  The UE measures received signals from WLAN access points, optionally aided by assistance data, to send measurements to the positioning server for position calculation. Using the measurement results and a references database, the location of the UE is calculated. Alternatively, the UE makes use of WLAN measurements and optionally WLAN AP assistance data provided by the positioning server, to determine its location.
WLAN positioning should have no impact on the design of the NR physical layer, although RAN1 may need to define the WLAN related measurements, such as WLAN RSSI code measurements in TS 38.215.
Bluetooth positioning
The Bluetooth positioning method makes use of Bluetooth measurements (beacon identifiers and optionally other measurements) to determine the location of the UE.  The UE measures received signals from Bluetooth beacons. Using the measurement results and a references database, the location of the UE is calculated. The Bluetooth methods may be combined with other positioning methods (e.g. WLAN) to improve the positioning accuracy of the UE.
Bluetooth positioning should have no impact on the design of the NR physical layer.
TBS positioning
A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. The current type of TBS positioning signals is the MBS (Metropolitan Beacon System) signals and Positioning Reference Signals (PRS). The UE measures received TBS signals, optionally aided by assistance data, to calculate its location or to send measurements to the positioning server for position calculation.
TBS positioning should have no impact on the design of the NR physical layer.
Barometric pressure sensor positioning
The barometric pressure sensor method makes use of barometric sensors to determine the vertical component of the position of the UE. The UE measures barometric pressure, optionally aided by assistance data, to calculate the vertical component of its location or to send measurements to the positioning server for position calculation. Barometer measurements are shown to be very effective for improving the accuracy and availability of the altitude solution. The problem with the barometer the pressure measurements is that the measurements are very sensitive to the change of the local air pressure, which make the pressure altitude unreliable if the measurement errors cannot be removed properly. In order to use barometer measurements for vertical positioning, it would need to install the barometers in both UE and in the network (may even in the small cells). Also, the proper algorithm needs to be implemented in the location server to calibrate and track the pressure altitude error based on the measurement report (air pressure, local temperature, etc.). 
Barometric pressure sensor positioning should have no impact on the design of the NR physical layer.
IMU positioning
Inertial measurement unit (IMU) which is also referred to as inertial navigation system (INS) is based on motion sensors (accelerometers), rotation sensors (gyroscopes), and occasionally magnetic sensors (magnetometers) that continuously calculate via dead reckoning the position, orientation, and velocity (direction and speed of movement) of the UE. IMU sensor information can be used for RAT-dependent positioning purposes. The UE performs IMU related sensor measurements and positioning computation without network assistance, and without reporting IMU measurements to the network. 
IMU positioning should have no impact on the design of the NR physical layer.
Observation 1: RAT-independent positioning methods actually have no impact on the NR physical layer design, although the RAT-independent positioning measurements (such as GNSS measurements, WLAN measurements) may be included in the TS 38.215 during the WI.
[bookmark: _Toc883305]Proposal 1: NR should support all RAT-independent positioning techniques that are already supported in LTE.

Hybrid NR Positioning
Each of the RAT-dependent and RAT-independent positioning has its own merits and demerits. To utilize their strengths and compensate for their weakness, the common method is to combine them together to form the so called hybrid positioning system, a.k.a., integrated positioning system. Hybrid positioning will have better positioning performance in terms of accuracy, reliability, and availability than the individual positioning components. There can be many methods for integrating the NR RAT-dependent positioning techniques with and RAT-independent positioning techniques. In our discussion, we will separate them into the three categories of ‘Standalone’, ‘UE-based’, and ‘Network-Based’ positioning.
Standalone hybrid positioning
For standalone hybrid positioning, it will be up to the UE on how to integrate various RAT-independent and RAT-dependent positioning methods together without the assistance from the network. Standalone hybrid positioning does not need the network to provide special support or assistance information to the UE, and thus, no additional impact on the standard and the specification.
UE-based (network assisted) hybrid positioning
For UE-based hybrid positioning, the UE position is calculated by UE. To support UE-based hybrid positioning, the network may need to provide the UE with the necessary assistance information for the UE to obtain the positioning measurements and to calculate its position. 3GPP has defined the procedures, protocols and messages for supporting UE-based hybrid positioning in LTE, we believe these procedures, protocols and messages should be extended to support NR UE-based hybrid positioning. 
Network-based (UE assisted) hybrid positioning
For network-based hybrid positioning, the UE position is calculated in the network side. To support network-based hybrid positioning, The network may provide the necessary support or assistance information to the UE for obtaining the positioning measurements, and then the UE reports the measurements back to the network for calculation of the UE position. 3GPP has defined the procedures, protocols and messages for supporting network-based hybrid positioning in LTE, we believe these procedures, protocols and messages should be extended to support NR network-based hybrid positioning. 

Hybrid NR/GNSS/IMU/barometer Positioning
In this section, we discuss the benefits of the hybrid positioning with RAT-dependent and RAT-independent techniques with an example of a hybrid NR/GNSS/IMU/barometer positioning system.
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[bookmark: _Ref883584]Figure 1. An example of a hybrid NR/GNSS/IMU/barometer positioning system

As shown in Figure 1, the positioning measurements from the NR receiver, GNSS receiver, IMU, barometer, etc. are integrated together to provide the UE’s position. The hybrid NR/GNSS/IMU/barometer positioning system has the following salient advantages: 
Accuracy
When GNSS signals are available, the hybrid NR/GNSS/IMU/barometer positioning system will provide in general the better positioning accuracy than a standalone GNSS, especially when NR carrier phase positioning is supported; When GNSS signals are not available, the accuracy degradation due to the loss of GNSS signals may not be significant at least for a short duration due to the inertial positioning with calibrated IMU sensor. The accuracy degradation may not even noticeable if NR carrier phase positioning is supported for the area where GNSS signals are partially blocked or fully blocked, as shown in Figure 2.
Availability
The hybrid NR/GNSS/IMU/barometer positioning system will work as long as the UE can receive the wireless communication signals.
Reliability and Integrity
Multiple in-device sensors provide the redundancy of the positioning information for more reliable positioning information.
Positioning delay
The hybrid NR/GNSS/IMU/barometer positioning system should have close to zero positioning delays, and suitable for supporting real-time applications due to the available of the high-rate positioning information from the IMU.
Navigation information
The hybrid NR/GNSS/IMU/barometer positioning system should be able to provide reliable 3D (x, y, z) positioning. When GNSS is available, the measurement bias of the barometer can be calibrated. After the calibration, the barometer should be able to provide stable altitude information. The IMU can also provide reliable and smooth velocity and attitude information. 
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[bookmark: _Ref883575]Figure 2. Hybrid NR/GNSS/IMU/barometer positioning will work when GNSS signals are partially/fully blocked
[bookmark: _Toc883306]Proposal 2: NR should support the combinations of all RAT-independent positioning techniques with the to-be-defined NR RAT-dependent techniques. The support of the hybrid RAT-independent/RAT-dependent positioning methods has no impact on the RAN1’s work in this SI. 
[bookmark: _Toc883307]Proposal 3: The procedures, protocols and messages developed for supporting network-based and UE-based LTE hybrid positioning can be used as the starting point for the procedures, protocols and messages for network-based and UE-based NR hybrid positioning.


Conclusion
In this contribution, we discussed the RAT-independent, and hybrid RAT-dependent/RAT-independent positioning techniques. Based on the discussion, we propose:

Proposal 1: NR should support all RAT-independent positioning techniques that are already supported in LTE.
Proposal 2: NR should support the combinations of all RAT-independent positioning techniques with the to-be-defined NR RAT-dependent techniques. The support of the hybrid RAT-independent/RAT-dependent positioning methods has no impact on the RAN1’s work in this SI.
Proposal 3: The procedures, protocols and messages developed for supporting network-based and UE-based LTE hybrid positioning can be used as the starting point for the procedures, protocols and messages for network-based and UE-based NR hybrid positioning.
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