3GPP TSG RAN WG2 Meeting #98
R2- 1705308
Hangzhou, China, 15-19 May 2017
Source:
u-blox AG

Title:
Discussion on Support for RTK Corrections for High Precision GNSS Positioning
Agenda Item:
9.8.2
Document for:
Discussion
1 Introduction

A new Rel-15 work item “UE Positioning Accuracy Enhancements for LTE [1] was approved in RAN#75. One of the key objectives is to specify solutions for positioning enhancements in LTE in respect of positioning accuracy, availability, reliability and scalability, for both Normal UEs and BL UEs. To achieve this objective, RTK GNSS positioning has been identified as one of the enhancement features, more specifically:
· GNSS positioning enhancements:
· Specify the signaling and procedure to support RTK GNSS positioning over LPP and LPPa, taking into account both UE and network complexity. [RAN2, RAN3, RAN1]
This document discusses the sourcing company’s view on the nature of RTK corrections to be supplied to the UE.
2 Discussion

2.1 RTK algorithms

2.1.1 Conventional RTK

Conventional Real Time Kinematic (RTK) carrier phase positioning involves differencing the observables (carrier phase and pseudorange) between the roving GNSS receiver (UE) and a nearby stationary reference GNSS receiver (reference station).  This differencing cancels all of the biases originated in the satellites such as group delays and phase delays.  It also partially cancels the atmospheric (ionospheric and tropospheric) biases.  However, these biases depend on position and hence the effectiveness of this cancellation depends on the distance (baseline) between the two receivers.  Hence, depending on the accuracy required, the baseline should be kept relatively short.  For fast convergence and cm level accuracy a baseline length of 20km is near the limit, while, for dm level accuracy (or much slower convergence) a baseline length of 100km can be used.  Of course, such performance depends on the type of receiver (e.g. single or dual band), local atmospheric conditions, antenna type and multipath environment.
Conventional RTK is not typically used for large scale applications because the accuracy degrades as the baseline increases.  Also reference station multipath is directly transferred to the user coordinates.  It is possible for the rover (UE) to use observations from multiple reference stations in order to reduce baseline dependent errors, but it is inefficient with respect to bandwidth and complex to do so given the available computational resources of the roving GNSS receiver.

2.1.2 Network RTK

Network RTK methods aim to reduce the problems of conventional RTK by using observations from a number of reference stations.  Baseline dependent errors can be interpolated between reference stations to reduce the dependence on baseline separation allowing sparser reference networks to be used.  Different methods exist for realizing network RTK.  The most widely used method is that of Virtual Reference Stations (VRS), also known as Non-physical or Computed Reference stations.  This is where a server calculates individualized observations interpolated from a network of reference GNSS receivers for a user’s specific location.  Although this method is more efficient with respect to bandwidth, it requires two way communications.  It is also undesirable for mass market applications where the server is required to generate specific corrections for every user.
Alternative approaches for realizing network RTK exist such as FKP (from the German Flächenkorrekturparameter meaning area correction parameters) and MAC (Master Auxiliary Concept) [4].  MAC is the concept promoted by the RTCM [2] where the user observations from a single ‘Master’ reference station are transmitted with a set of reduced reference station observations to auxiliary stations.  This method offers advantages such as reduced bandwidth (compared to sending observations for all reference stations), broadcast only transmission, as well as greater flexibility for the rover processing algorithm and improved handling of the transitions required when the user moves over large distances (i.e. moving between cells in the network). 
2.1.3 State space representation (SSR)

The state of the art representation for GNSS observations is the so called State Space Representation (SSR).  This is where a server calculates the individual error components based on observations from the whole network of reference stations.  These include the satellite clock, phase and code biases, orbital errors, the ionospheric delays and the tropospheric delays.  This represents a State Space Representation of the systematic GNSS errors as opposed to the Observations Space Representations (OSR) used in conventional and network RTK.  Virtual reference observables for any point in the region can be estimated using these SSR error components. See the paper by Geo++ [5] (in English) for an introductory overview of SSR.
There are a number of advantages of SSR over the conventional and network RTK methods described above.  
· SSR is able to provide a very bandwidth efficient broadcast-only correction stream that is scalable over different region sizes and network densities.

· It avoids the need for two-way communication with individual rovers (UE).

· It alleviates the need for the server to compute virtual reference station observables.

· It is flexible in terms of region size.

· It can be used to support different levels of accuracy from RTK to SBAS (satellite Based Augmentation System) level.

· It can support Precise Point Positioning (PPP) where only satellite parameters are broadcast and the atmospheric component is handled by the UE receiver (note that a service providing RTK accuracy represented using SSR is sometimes referred to as PPP-RTK).

It must be borne in mind when deciding on the size of the region for a single broadcast that the data rate required for the atmospheric corrections increases with the size of the region for which it is required to be valid.

RTCM (Radio Technical Commission for Maritime Services) has a working group on SSR which is working towards standardized messages for such services.  To date, standardization has been achieved for orbit, clock and code bias messages [2].  Another example in the public domain is the LEX CLAS SSR RTK correction service of the Japanese QZSS satellite navigation system [3].
Observation 1: For mass market applications, OSR RTK may generate an unmanageable demand for correction transactions; SSR uses a broadcast mechanism whereby the same correction data is sent to all rovers (UE) across a defined region, the size of which can be optimised by the correction provider.

Observation 2: Standardisation could be phased: satellite orbits, satellite clocks, code biases, phase biases, ionosphere and troposphere corrections, data compression.

Observation 3: Multiple GNSS’s could be standardised and added as needed.

Observation 4: Legacy rovers (UE) that can only support OSR RTK could be supported through an intermediate server that does SSR to OSR conversion in the network (subject to higher communication overheads).

2.2 Dissemination approaches

2.2.1 General
The previous section described the different underlying representations of the differential corrections required for RTK.  It is also necessary to consider:
· Who the supplier of the corrections will be (network providers or correction companies),
· How access controls are managed,
· What are the areas of coverage and how boundaries between units of coverage are handled (i.e. how seamless transitioning can be achieved between different cells),
· For OSR, where would the SSR to OSR conversion take place.
2.2.2 Possible Topology

A possible topology incorporating SSR to OSR conversion but retaining a broadcast only mode of distribution is illustrated in Figure 1.
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Figure 1 - Broadcast Only Dual Format RTK Distribution Topology
One limitation of this approach is that most rovers would experience a navigation reset at cell handover since the OSR streams would be discontinuous.  In a sensor fused application this may not be much of a problem.  Nor would it be a problem for static or transportable applications like survey or some GIS applications.  One way around the problem is for the receiver to be set up to estimate ambiguities to both reference stations during a handover period.

Observation 5: SSR to OSR conversion could be performed at the eNB based on the location of the eNB thereby allowing broadcast mode distribution of OSR corrections to legacy rovers.

Observation 6: OSR RTK broadcasts from eNBs come with the limitation that, in many applications, rovers would require reconvergence at each cell handover.
3 Conclusions

In this contribution, we presented our views on the provision of RTK correction data for high precision GNSS positioning. Based on the discussion and observations presented, we summarise our views through the following observations and proposals:
Observation 1: For mass market applications, OSR RTK may generate an unmanageable demand for correction transactions; SSR uses a broadcast mechanism whereby the same correction data is sent to all rovers (UE) across a defined region, the size of which can be optimised by the correction provider.

Observation 2: Standardisation could be phased: satellite orbits, satellite clocks, code biases, phase biases, ionosphere and troposphere corrections, data compression.

Observation 3: Multiple GNSS’s could be standardised and added as needed.

Observation 4: Legacy rovers (UE) that can only support OSR RTK could be supported through an intermediate server that does SSR to OSR conversion in the network (subject to higher communication overheads).

Observation 5: SSR to OSR conversion could be performed at the eNB based on the location of the eNB thereby allowing broadcast mode distribution of OSR corrections to legacy rovers.

Observation 6: OSR RTK broadcasts from eNBs come with the limitation that, in many applications, rovers would require reconvergence at each cell handover.
Proposal 1: Support SSR correction service delivery as a broadcast service available to all suitably authenticated UEs.
Proposal 2: Use the work being carried out for QZSS [3] as a starting point.

Proposal 3: Adopt data and messaging formats compatible with those being standardised for satellite augmentation services and other RTK correction broadcast channels (e.g. internet) in order to minimise complexity and maximise compatibility of the UE.

Proposal 4: Consider the implementation of SSR to OSR conversion at the eNB and broadcast of OSR corrections to legacy UEs not compatible with SSR.
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