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1 Introduction

The ever increasing demands of location service calls for high performance of Location/positioning functionality. Work has started in 3GPP to develop positioning requirements for high accuracy positioning, as in the 3GPP TR22.862 and TR38.913. Thus it is necessary to introduce technology components needed for enabling high accuracy location service for 3GPP.
In this contribution, we provide discussion and analysis on the potential technologies and RRM impact for high accuracy positioning. 
2 Discussion on positioning technologies for NR
· RTK (Real-time kinematic) GNSS

The RTK reference station broadcasts/uni-casts the phase information of the GNSS (global navigation satellite systems) carrier frequency that it observes to the UE. UE compares their own phase measurements information of GNSS with the one received from the reference station. This allows UE to calculate the relative position to the reference station. Since the reference station’s location is known, UE can thus calculate its own position.
RTK Satellite navigation enhances the precision of GNSS by real-time corrections data provided by RTK reference station. It uses measurement of the phase of signal’s carrier wave, rather than the phase of the code as normal GNSS receiver. Since phase of carrier wave has high time resolution, it can provide up to centimeter-level accuracy. For instance, the GPS C/A code changes phase at 1.023 MHz, but the GPS L1 carrier signal is at 1575.42MHz. The carrier frequency corresponds to a wavelength of 19 cm, thus provides more accurate positioning.

Differential-GPS was already supported by 3GPP by previous release. RTK correction data can be broadcasted/uni-casted and enjoy the advanced communication of current and future cellular radio technologies. The correction data can either come from RAN side RTK reference station, or from the core network/third party.
The RTK GNSS is a very mature technology with high performance and is used for more than a decade. Thus it is proposed to support RTK as the highest priority for Rel-15 positioning enhancement

Potential RRM impact: UE behavior and measurement reporting delay of UE location based on RTK GNSS.

Proposal1: Support RTK Satellite navigation and related RRM requirement.
· Positioning based on more carriers, large bandwidth and LAA positioning
Positioning accuracy is strongly affected by signal bandwidth. As shown in figure1, large bandwidth provides finer time resolution in order to better distinguish the first path under multipath environment, thus provide more accurate positioning accuracy. 
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Figure1a: OTDOA Positioning accuracy for different bandwidth under ETU30 channel
NR supports large bandwidth, thus enables more accurate positioning accuracy. As shown in figure1, OTDOA in NR may achieve much demanding positioning accuracy.

Proposal2: Specific RRM requirement OTODA, UTDOA for NR as baseline positioning technologies.

· Positioning based on more carriers and LAA positioning
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Figure1b: Positioning accuracy for different time alignment error for 80MHz bandwidth

Large bandwidth can also be achieved either by carrier aggregation or frequency hopping over multiple bands. Coherent detection over multiple bands can form a large bandwidth for positioning measurement. Even take into account of time alignment error between different bands (130ns for intra-band CA, 260ns for inter-band CA as define in TS36.104), the positioning accuracy is still high enough as shown in figure 1b.
Proposal3: Specify RRM positioning requirement based on carrier aggregation and frequency hopping to use more carriers/layers to improve positioning accuracy.
Unlicensed band can also be explored in order to provide enough bandwidth for positioning purpose. Considering LBT or other regulation, the LAA positioning may have different positioning performance than licensed band positioning.
Proposal4: Specify RRM requirement for LAA positioning.

Since large amount of positioning reference signals are needed, dynamical and on demand positioning reference signal scheduling and coordination between TRPs become important in order to increase spectrum efficiency and reduce positioning signal interference. The RRM positioning requirement may also depend on different positioning QoS. 
Proposal5: Specify dynamical positioning reference signal coordination between TRPs and on demand positioning signal scheduling and related RRM requirement based on different positioning QoS.
3 Conclusions and Proposals
In this contribution, we provide discussion and analysis on the potential technologies for high accuracy positioning for NR. 
Proposal1: Support RTK Satellite navigation and related RRM requirement.

Proposal2: Specific RRM requirement OTODA, UTDOA for NR as baseline positioning technologies.

Proposal3: Specify RRM positioning requirement based on carrier aggregation and frequency hopping to use more carriers/layers to improve positioning accuracy.
Proposal4: Specify RRM requirement for LAA positioning.

Proposal5: Specify dynamical positioning reference signal coordination between TRPs and on demand positioning signal scheduling and related RRM requirement based on different positioning QoS.
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