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1	Introduction
In this paper, we discuss RTK (Real-time Kinematic) GNSS positioning enhancement and the broadcasting of assistance data required to support RTK GNSS. A high-level overview of RTK GNSS is provided and implications to the LTE positioning architecture are explored.
2	Background
A work item “UE Positioning Accuracy Enhancements for LTE” [3] was approved in RAN#75 with the following objectives:
	· GNSS positioning enhancements:
· Specify the signalling and procedure to support RTK GNSS positioning over LPP and LPPa, taking into account both UE and network complexity. [RAN2, RAN3, RAN1]
· Specify support for IMU positioning:
· Specify the signalling and procedure to support IMU positioning over LPP and hybrid positioning including IMU related estimates. [RAN2, RAN1]
· Specify the signalling and procedure to support UE-based OTDOA positioning [RAN2]
· Broadcasting of assistance data [RAN2, RAN3, SA3, SA2]
· Specify a new SIB to support signalling of positioning assistance information for A-GNSS, RTK and UE-based OTDOA assistance information. 
· Specify optional encryption procedure for broadcast assistance data, including mechanism for delivery of UE-specific encryption keys.



In this paper, we take a look at the GNSS positioning enhancement and broadcasting of assistance data (with respect to RTK GNSS) objectives at a high level.  
3	Discussion
3.1	Overview of RTK GNSS techniques
Centimeter-accurate positioning using RTK-GNSS can be achieved outdoors by detecting signals transmitted from conventional GNSS satellites. In conventional A-GNSS positioning, the UE (also called a rover device in the RTK GNSS community) measures the code phase of signals transmitted from multiple visible satellites, enabling accuracy on the order of a couple of meters. To achieve significantly improved accuracy, RTK-GNSS requires three additional technical enhancements: 1) the UE measures the carrier phase (in addition to the code phase) of each satellite signal, 2) one or more reference receivers (also called reference stations) in the vicinity of the UE, each with precisely known position, measures the code and carrier phase measurements of the same GNSS signals observed by the UE and 3) raw measurements from reference receiver/network of reference receivers or post-processed information using the raw measurements (corrections data) need to be communicated to the UE/rover. Because the location of the reference receiver(s) is known, the raw observable measurements can be used to compute corrections data which characterize GNSS error sources due to atmospheric effects, satellite orbits and signals. Using these corrections in conjunction with the code and carrier phase measurements at the UE, an RTK-GNSS algorithm could achieve centimeter-level accuracy in positioning.
Single reference receiver: The earliest implementations of RTK-GNSS systems used stand-alone reference receivers placed near the rover device. Because the reliability of the corrections degrades with distance [6], the rover is suggested to be within about a 10 km radius of the reference receiver. Because of the time dynamics of the system, the rover must obtain corrections on the order of every second, with an average data rate of about 5 kbps [8], in order to achieve accurate positioning.  
Network of reference receivers: To enable more uniformly accurate positioning over a wider area (e.g., metropolitan area), one could use a network of reference receivers to provide corrections. As a general architecture, a server connected to a network of reference receivers could compute correction data as a function of the raw observables from each receiver. We describe below several options for how the correction data could be computed and represented.
Server switch. The server could act as a switch and simply route the corrections corresponding to the reference closest to the approximately known location of the rover. The approximate location could be obtained through conventional GNSS. 
Virtual reference receiver. Through interpolation for any location between two adjacent receivers, and more generally for any point in the area spanned by the network. Then given the approximate location of the rover, the server could determine the corrections corresponding to a virtual reference receiver located at this approximate location [7]. As with the single reference receiver case, the transmission data rate is about 5 kbps per rover.
Area correction parameter. The server could compute corrections for distance-dependent errors (e.g., satellite orbits, ionosphere, and troposphere) and characterize them as a planar or quadratic function of the two-dimensional location. Given the observables from a single reference receiver and the parameters for the functions, the error can be computed for an approximate rover location. This technique is sometimes known as FKP range correction gradients, derived from the German word “Flächenkorreckturparameter” for “area correction parameters” [4]. The suggested reference receiver ISD is about 10-20 km [6] for rapid positioning from a single measurement epoch. The FKP corrections can be used by all rovers covered by a reference receiver, so they can be communicated through a broadcast mechanism. The broadcast data rate is about 5 kbps per reference receiver coverage area [8]. 
State space representation. One can also characterize the corrections over an even larger area of radius hundreds of kilo meters using a state space representation (SSR). These corrections could be communicated through a broadcast mechanism, and they do not require an additional stream of observables from a reference receiver. The broadcast data rate is only about 2 kbps [8].
The GNSS community has standardized the messaging of many network RTK techniques in the RTCM standards document [4]. SSR messages required to support rapid RTK-GNSS positioning are still evolving in RTCM standards. 
3.2	Use cases
The most commonly discussed use case for precise positioning is navigation of autonomous vehicles. RTK-GNSS could be used to supplement radar, lidar, and video sensors to enable, for example, lane tracking when visibility is severely limited by a snow storm. Because RTK-GNSS provides 3-dimensional positioning, it could also be used for precise aerial drone navigation. For these applications, energy efficiency at the rover device is not necessarily critical. For autonomous vehicles, the car battery would be more than sufficient to power the RTK-GNSS receiver. For drones, the batteries would be constantly replaced or recharged, and the RTK-GNSS receiver power requirements would be at least a couple orders of magnitude less than the mechanical requirements.  
For tracking “Internet of Things” objects, energy efficiency may be a more important concern because of limited power resources. Also, IoT applications may require the device position to be known at a network server for data analytics, rather than at the device for navigation. One such IoT application would be a headset for untethered outdoor augmented or virtual reality. 
3.3 	3GPP architecture to support enhanced GNSS
A-GNSS supports both UE-assisted and UE-based modes [2]. There is sufficient justification to consider both modes for RTK-GNSS based on the potential use cases discussed above. RTK-GNSS applications like autonomous vehicle or drone navigation would be well-served by a UE-based mode. On the other hand, IoT applications employing devices with limited computational capability may be better suited by a UE-assisted mode.  
Proposal 1: The LTE control plane positioning architecture shall support RTK GNSS positioning including both UE-based and UE-assisted RTK GNSS positioning.
In Figure 1, we show a proposal for both modes of RTK-GNSS, where we have highlighted in red the additional requirements on top of A-GNSS required for RTK-GNSS. For the UE-assisted mode shown on the left, the E-SMLC computes the position of the UE and requires corrections information (RTK GNSS assistance data) from a reference receiver or a NRTK server (mentioned as GNSS server in the Figure 1) and code and carrier phase measurements from the UE. For the UE-based mode shown on the right, the correction information is communicated to the UE, and it computes its position. 
The procedures that are common for both modes are highlighted in grey. The UE procedure common to both entails requesting and receiving the GNSS assistance data regarding the visible satellites and their positions. This information is the same as for conventional A-GNSS, and it is sufficient for the UE to acquire the GNSS signal and perform the additional carrier phase measurements required for RTK-GNSS. 
Proposal 2: The UE shall support GNSS carrier phase measurements and be capable of using the RTK GNSS assistance data provided by the network in order to support RTK GNSS positioning.
Proposal 3: RAN2 to send liaison statement to RAN1 to investigate the details about a new measurement, GNSS carrier phase, and work with RAN4 on performance requirement aspects of the carrier phase measurements by UE.
For both modes, the E-SMLC needs to obtain the corrections data collected from the network of reference receivers. For details on corrections data please refer to [4]. There are existing service providers for computing this corrections data given the raw observations from reference receivers. Alternatively, a cellular service provider could decide to aggregate the raw observations to generate its own proprietary correction data tailored for specific UEs that could use it.  In any case, how the E-SMLC obtains this data should be outside the scope of the 3GPP specifications.  
Proposal 4: The E-SMLC shall obtain corrections data from an external source but how E-SMLC obtains corrections data will not be specified in 3GPP specifications, like the A-GNSS assistance data.
Proposal 5: Operation of reference stations network and interaction of 3GPP network elements with it to obtain corrections data or computation of correction data based on raw measurements from reference stations are outside the scope of 3GPP.
For the UE-assisted mode, because the E-SMLC needs to compute the UE position, it needs to be aware of the contents of the corrections data.  Even for the UE-based mode, depending on the NRTK solution deployed, the E-SMLC may do some additional processing on the received corrections data before sending it to the UE. For example, it may need to determine a subset of the corrections to send to the UE for the single reference station mode or it may need to compute the location-specific corrections for the virtual reference station mode. In either case, the E-SMLC needs to be aware of the contents of the corrections data. 
Proposal 6: The E-SMLC shall be aware of the contents of corrections data. 
The delivery of corrections data to UE by a cellular network operator may by itself be a service offered where the correction data is encrypted and provided only to subscribers of such information. Unlike in conventional RTK where the corrections data is valid only at a certain distance from the location of the reference receiver, the corrections data provided by a NRTK server is valid for a certain region under a cell coverage area. So, the best mode of delivery of this corrections data is through broadcast service so that many UEs in idle or connected state can use this information with reasonable mobility without having to receive the corrections data from the nearest reference receiver as the UE moves around. Given the real-time nature of the corrections data, either streaming of corrections data as user plane data or using a broadcast service such as MBMS or SC-PTM are some of the options for the broadcast of corrections data but the feasibility of these broadcast or streaming services need to be studied further e.g. cost of deploying additional services and impacts to positioning performance with respect to specific use cases like autonomous vehicle positioning , time-to-first fix performance etc. However, in this 3GPP release a control plane solution for broadcasting is required. One possible solution is to have the corrections data transparently delivered to the eNB over LPPa interface and have the eNB broadcast the corrections data in a system information message. This would be similar to the broadcast of PWS messages done transparently by the eNB.
Proposal 7: The E-SMLC shall send real-time corrections data over the LPPa interface to the eNB, and the eNB shall broadcast the corrections data in the cell. The corrections data is broadcast using the RRC System Information message and a new SIB Type will be defined for this. 
Proposal 8: The eNB shall broadcast the corrections data as a transparent payload in the SIB and is not aware of the contents of correction data. 
Proposal 9: RAN2 to send liaison statement to SA3 requesting them to investigate the feasibility of encrypting a payload that is carried in a SIB and to investigate the requirement to provide corrections data on a subscription basis.
Proposal 10: RAN2 to send liaison statement to RAN3 requesting them to investigate the procedure for delivery of correctios data from E-SMLC to eNB.
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Figure 1: Information flow for UE-assisted and UE-based RTK-GNSS 
4	Conclusion
This paper explored how a Network RTK GNSS solution can be realized using the LTE positioning architecture without changes to the existing architecture. It identified the impacts to RAN1, RAN2 and RAN3 at a very high level. In summary, the following proposals were made in this paper:
Proposal 1: The LTE control plane positioning architecture shall support RTK GNSS positioning including both UE-based and UE-assisted RTK GNSS positioning.
Proposal 2: The UE shall support GNSS carrier phase measurements and be capable of using the RTK GNSS assistance data provided by the network in order to support RTK GNSS positioning.
Proposal 3: RAN2 to send liaison statement to RAN1 to investigate the details about a new measurement, GNSS carrier phase, and work with RAN4 on performance requirement aspects of the carrier phase measurements by UE.
Proposal 4: The E-SMLC shall obtain corrections data from an external source but how E-SMLC obtains corrections data will not be specified in 3GPP specifications, like the A-GNSS assistance data.
Proposal 5: Operation of reference stations network and interaction of 3GPP network elements with it to obtain corrections data or computation of correction data based on raw measurements from reference stations are outside the scope of 3GPP.
Proposal 6: The E-SMLC shall be aware of the contents of corrections data.
Proposal 7: The E-SMLC shall send real-time corrections data over the LPPa interface to the eNB, and the eNB shall broadcast the corrections data in the cell. The corrections data is broadcast using the RRC System Information message and a new SIB Type will be defined for this.
Proposal 8: The eNB shall broadcast the corrections data as a transparent payload in the SIB and is not aware of the contents of correction data. 
Proposal 9: RAN2 to send liaison statement to SA3 requesting them to investigate the feasibility of encrypting a payload that is carried in a SIB and to investigate the requirement to provide corrections data on a subscription basis.
Proposal 10: RAN2 to send liaison statement to RAN3 requesting them to investigate the procedure for delivery of correctios data from E-SMLC to eNB.
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