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[bookmark: _Ref177802497]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 enhancements, specifically:
· 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]

In RAN2#98 the source company presented R2-1705308 [2] which gave background information about RTK corrections and highlighted why for a future correction broadcast service the use of SSR corrections provides a better solution than using existing RTCM standard formats.
This document discusses options for broadcasting corrections and proposes the use of an “RTK correction container” for correction messages, techniques to deal with potential long acquisitions times (time to full accuracy) as well as an approach for dealing with legacy receivers that require point-to-point corrections based on traditional standardised OSR (observation space representation) techniques. 

Discussion
Point-to-point, Broadcast or Limited Broadcast options
Point-to-point
RTCM standard 10403 [3] started out by defining a solution in which a reference receiver at a known position measures the errors in the satellite signals as seen by it, and transmits these errors to a companion roving receiver which is then able to position itself to high accuracy based on the knowledge that if they are sufficiently near one another (up to about 20km) the errors are highly correlated and can be removed from the measurements at the roving receiver. In this case the corrections are transmitted point-to-point with the roving receiver getting correction messages directly from a nearby reference receiver on a one-to-one basis.
As an alternative to the reference receiver sending out corrections for its position the Virtual Reference Station architecture was developed. In this case measurements from a network of reference receivers are collected and a server interpolates the measurements to provide the corrections that should be applied at the position of the roving receiver. This too is a one-to-one correction technique in that each roving receiver has corrections calculated specifically for it, based on a reasonable knowledge of where it is.

Observation 1: Existing standardised methods for handling RTK corrections are usually reliant on 2-way point-to-point communications between a reference receiver and mobile receiver.
Observation 2: RTCM is the recognised authority setting standards for OSR corrections for High Precision RTK positioning.


Limited Broadcast
Subsequently the standard has been evolved to cater for network correction methods (MAC and FKP), in which the error observations may be broadcast to any roving receivers within a limited range of a reference receiver. A server collects measurements from reference stations in the area and fits the measurements to an interpolation polynomial representing the way the error changes throughout the area around the reference receiver. Both the observed error at the reference station and the error coefficient are broadcast to roving receivers in the area. Each receiver is therefore able to make an adjustment to the corrections which it applies based on its distance (and relative position) from the reference receiver. In this way the operating range from the reference receiver is increased and all receivers in the area can use the same correction data.

Observation 3: Network correction methods that allow the distribution (broadcast) of OSR corrections to multiple receivers in the neighbourhood of the reference receiver have been developed and standardised by RTCM.

True Broadcast
Recently State Space Modelling (also known as SSR = State Space Representation) techniques have emerged, promising to be the future method of choice for supplying corrections, but the techniques are not yet fully standardised by RTCM. Measurements received from a number of reference receivers located across an extended geographical area are decomposed into the individual error components: satellite clocks, satellite orbit errors, satellite biases, troposphere induced errors and ionosphere errors by a correction server which models the individual errors and broadcasts the model across the entire region to all roving receivers. This leads to the so-called SSR-RTK correction method. PPP (precise point positioning) is a subset of SSR-RTK in which a receiver receives corrections for satellite clocks, biases and orbit errors and is able, over time, to solve for the remaining atmospheric errors itself leading to a very precise positioning capability, but at the costs of a long acquisition time of some 15 minutes to several hours.  However, PPP has different levels of implementation (single, dual, multi-frequency with or without atmospheric corrections) and in the case that all corrections are available, including atmospheric corrections, and are used by the receiver the resulting technique is sometimes called PPP-RTK (also called SSR-RTK) and it is capable of very precise positioning performance with rapid acquisition to full accuracy. State Space methods are true broadcast since the same corrections can be broadcast, received and applied across a large geographical region.
PPP-RTK can also be implemented as a limited broadcast (or hybrid broadcast) solution: the satellite corrections are easily handled as true broadcast corrections, but atmospheric corrections may be valid for smaller geographic regions, with each region having its own broadcast stream for atmospheric corrections. This is sometimes referred to as a gridded model for atmospheric corrections.

Observation 4: State Space Modelling techniques have been developed allowing RTK corrections that are valid over large geographic areas to be broadcast to all receivers within the geographical area.
Observation 5: SSR is the industry solution of choice for wide area, wide scale broadcast of RTK corrections in a bandwidth and cost effective way.
Observation 6: SSR encompasses PPP from basic PPP to PPP-RTK.



Broadcast Architecture
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Figure 1 : True correction broadcast supporting PPP and PPP-RTK, SSR-RTK receivers

Corrections are modelled to apply across a larger geographic region, for example that of the mobile network, or a country, or a larger region, or even global. They would be simultaneously broadcast in real-time by all eNBs. All authorised PPP and SSR receivers could use the broadcast corrections to achieve very high accuracy positioning (centimetre level precision).
There are significant advantages to be obtained (in particular reducing or limiting UE complexity) by using correction formats and standards that are substantially compatible across all distribution networks including satellite and internet distribution and other new communication channels that may become available. At present RTMC has partly standardised SSR and most trial and pre-commercial services are using proprietary message formats.
One or more new SIBs and extensions to LPP/LPPa will be required to support the corrections. Since the specific correction formats are defined and maintained by established third parties who are specialists in the field of high precision RTK GNSS positioning it is recommended that the SIB(s) are defined as a container for these messages and the responsibility for defining, maintaining and certifying the message formats and their use remains the domain of these specialist organisations. Examples of such organisations are RTCM [3] and QZSS [4] and could include 3GPP. It is not yet clear which organisation will play the lead role in developing and promoting standards for those aspects of SSR which have not yet been completed by RTCM.

Observation 7: LPP/LPPa will need to be extended to include RTK correction messages (SSR) and to handle broadcast of these corrections to all authorised UEs.


Solutions using limited broadcast techniques
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Figure 2 : Broadcast of virtual or network RTK corrections centred on eNBs

By limited broadcast we mean that each broadcast covers a relatively small area of a few tens of km radius. Each of these areas is centred on a virtual (or physical) reference receiver, and the corrections are broadcast using the already standardised messages defined by RTCM [3].
This approach provides support for most existing and legacy receivers.
Each eNB will transmit one or more correction feeds centred on an appropriate reference station position (virtual or physical), depending on the cell size. The correction feeds from each eNB will be different.
One or more new SIBs will be required. Since the specific correction formats are defined and maintained by established third parties who are specialists in the field of high precision RTK GNSS positioning it is recommended that the SIB(s) are defined as a container for these messages and the responsibility for defining, maintaining and certifying the messages and their use remains the domain of these specialist organisations. For these legacy OSR message RTCM [3] is the recognised authority.
A drawback to this approach is how the UE handles switching from one correction feed to another centred on a different reference station position. This usually causes the receiver to reinitialise the RTK algorithm leading to a period of reduced accuracy.

Observation 8: Conventional OSR based Network correction methods could be supported on a local or limited broadcast model for legacy receivers, in which case each eNB will broadcast an RTK correction stream localized to the eNB.
Observation 9: When a UE switches (reference station hand over) between correction streams provided by different reference receivers this causes a service interruption (reduced accuracy) while the receiver reinitialises the RTK algorithm using the new correction stream.

Conventional legacy corrections that require a point-to-point connection
Conventionally RTK services have been provided using a point-to-point communications link between a reference receiver and the roving UE. This is particularly true for the Virtual Reference Station approach because the corrections sent to the roving UE are calculated for its own approximate position and therefore every roving UE would be supplied with a different correction feed. A two-way communications link is required.[footnoteRef:1] [1:  MAC and FKP were the first solutions developed to address this problem. SSR is the second generation solution.] 

This will require setting up periodic correction updates to the UE over LPP. For OSR corrections a typical update interval is 1 second and a connection bandwidth of between 4kb/s and 10kb/s will probably be required. It would be the responsibility of the E-SMLC to ensure that the right correction stream is routed to the UE based on its current position, and to update the correction stream when the UE moves around.
This approach lends itself to a User Plane implementation.

Observation 10: Conventional point-to-point OSR based RTK correction methods could be supported over LPP/LPPa, but they lend themselves to easy and straightforward User Plane implementation.

Acquisition latency for achieving full accuracy
In legacy OSR RTK systems corrections are transmitted to the roving UE at a high update rate – typically once per second. Since the correction is a lumped representation of all error sources the update rate needs to be fast enough to cope with the fastest changing error. In this case acquisition time to full accuracy is determined more by the receiver performance and ability to measure the satellite signals than the update interval of the corrections.
[bookmark: _GoBack]However in SSR-based systems each error is separated and can be transmitted at a rate appropriate for the rate at which the specific error changes. Therefore satellite clock corrections are usually broadcast much more frequently than satellite biases, which change very slowly. This makes for much more efficient use of communications bandwidth, but it can impact start up time to full accuracy because the receiver cannot compute the aggregate correction to apply until all the individual error corrections have been received. For this reason QZSS [4] has specified a maximum interval of 30s, even for corrections that could be transmitted less frequently. This means that allowing for one lost message acquisition to full accuracy can be done in just over 60s.
In order to facilitate rapid acquisition to full accuracy we propose adding an extension to the GNSS assistance request which will allow the E-SMLC to respond with a full set of the SSR corrections. From here on the roving UE will keep the corrections updated from the correction broadcast stream. In this way it should be possible for a receiver to acquire full accuracy positioning within a short period of time, under satisfactory GNSS signal reception conditions.

Observation 11: Initial acquisition to full accuracy can be quite long depending on the correction update interval in the broadcast correction service.

Signalling procedure
From initialisation the procedure for UE-based RTK GNSS positioning would be as follows:
	UE establishes network capability and matches with own
	Requests authorisation to access the service
	Receives authorisation and after key exchange a valid decryption key
	UE sends assistance request for current SSR state vector to E-SMLC
	E-SMLC sends current SSR correction state to UE allowing rapid TTF
	UE receives and decodes broadcast SSR Correction messages until end
	When navigation is finished UE disconnects from the correction service
Possible RTK correction container definition
Since each correction message has a unique message ID this is all that is required to identify what is inside the RTK Correction Container. However it would be advantageous to also include a field for the total length of the message so that UEs that do not need to decode a particular correction message can easily skip it and move to the next one without having to decode it. Therefore the RTK Message Container could be defined as follows:
	Message ID (12 bits) (RTCM for RTCM messages, other IDs for new/3GPP)
	Length of container (12 bits)
	Data payload containing valid RTK correction message (variable length)
The indices to RTK correction messages could be included in common broadcast SIBs and the actual RTK data containers could be part of optional SIBS. The RTK message containers could be packed into a SIB depending on the lengths of the individual messages and the available capacity in the SIB.
This approach has the, not insignificant, advantage of leaving the definition of the correction data fields: formats and interpretation, in the hands of recognised standards setting organisations such as RTCM who specialise in the field. This will ensure maximum future compatibility and reduce the risk of fragmenting RTK correction standards.
The RTK Correction Data Container should be used only for openly defined and supported message formats, although there is no reason for restricting these to only those correction messages defined by RTCM.
For SSR correction messages that are not yet formally standardised elsewhere 3GPP could, if necessary, take the lead in defining standards for these messages.

Observation 12: A simple definition of an “RTK correction container” with a container wrapper containing only the message identity and size provides a simple and flexible way of incorporating a wide range of existing and emerging correction message formats.
Observation 13: A transparent “RTK correction container” provides flexibility and ensures that RTK correction standards continue to be set and maintained by appropriate specialist organisations.


Conclusions
In this contribution, we presented our views on high precision GNSS corrections delivery. Based on the discussion and observations presented, we summarise our views through the following observations and proposals:
Observation 1: Existing standardised methods for handling RTK corrections are usually reliant on 2-way point-to-point communications between a reference receiver and mobile receiver.
Observation 2: RTCM is the recognised authority setting standards for OSR corrections for High Precision RTK positioning.
Observation 3: Network correction methods that allow the distribution (broadcast) of OSR corrections to multiple receivers in the neighbourhood of the reference receiver have been developed and standardised by RTCM.
Observation 4: State Space Modelling techniques have been developed allowing RTK corrections that are valid over large geographic areas to be broadcast to all receivers within the geographical area.
Observation 5: SSR is the industry solution of choice for wide area, wide scale broadcast of RTK corrections in a bandwidth and cost effective way.
Observation 6: SSR encompasses PPP from basic PPP to PPP-RTK.
Observation 7: LPP/LPPa will need to be extended to include RTK correction messages (SSR) and to handle broadcast of these corrections to all authorised UEs.
Observation 8: Conventional OSR based Network correction methods could be supported on a local or limited broadcast model for legacy receivers, in which case each eNB will broadcast an RTK correction stream localized to the eNB.
Observation 9: When a UE switches (reference station hand over) between correction streams provided by different reference receivers this causes a service interruption (reduced accuracy) while the receiver reinitialises the RTK algorithm using the new correction stream.
Observation 10: Conventional point-to-point OSR based RTK correction methods could be supported over LPP/LPPa, but they lend themselves to easy and straightforward User Plane implementation.
Observation 11: Initial acquisition to full accuracy can be quite long depending on the correction update interval in the broadcast correction service.
Observation 12: A simple definition of an “RTK correction container” with a container wrapper containing only the message identity and size provides a simple and flexible way of incorporating a wide range of existing and emerging correction message formats.
Observation 13: A transparent “RTK correction container” provides flexibility and ensures that RTK correction standards continue to be set and maintained by appropriate specialist organisations.
 
Proposal 1: Define one or more new SIBs being containers for “RTK Correction messages”.
Proposal 2: The SIB(s) defined as per Proposal 1 will include: a message identity; a message length and a data container containing the correction message.
Proposal 3: Extend LPP/LPPa to accommodate broadcast of the SIB as per Proposal 1 to all authorised UEs in the cell.
Proposal 4: Extend the GNSS assistance message(s) to include a set of RTK correction messages matching the UE capability which the UE may request when first subscribing to the broadcast RTK correction service in order to minimise time to achieve a full accuracy fix.
Proposal 5: In the event that legacy UE support is required (OSR correction messages), the necessary point-to-point communications between UE and E-SMLC should be handled in the user plane with the E-SMLC doing the conversion from SSR to OSR formats.
Proposal 6: Valid “RTK Correction Messages” could be restricted to those which are defined, published and supported, but should not be limited to only messages defined by RTCM.
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