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1	Introduction
In this paper, we discuss PPP method based on SSR concept presented in RTCM Standard 10403.3 [1]. 
2	Background
An updated work item “UE Positioning Accuracy Enhancements for LTE” [2] was approved in RAN#76 with the objective to specify solutions for positioning enhancements in LTE, including support to RTK GNSS:
	· 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 this paper, we introduce a potential way to support SSR concept and its positioning methods (PPP, RT – PPP, PPP – RTK) in 3GPP based on open, published and publicly available standards, namely RTCM 3.3 standards. 

From the last RAN2 meeting, there is general agreement for:
A1. Use the RTCM Standard 10403.3 OSR messages types and data fields to support network RTK
A2. VRS should be considered as a viable network RTK technique implemented using SIB broadcast 
A3. Support at least the following RTCM message types:
· Observation message types using MSM definitions (1071 – 1127)
· Station Coordinates messages (1006)
· Receiver and Antenna Descriptions (1033)
· GLONASS code – bias information (1230)
· MAC Network RTK messages (1014, 1017, 1030, 1039, 1031)
· FKP Network RTK messages (1034, 1035)
These agreements comprise a baseline and additional support can be discussed
1. Combined geometric and ionospheric corrections are part of agreed messages during RAN2 #99. These corrections, together with other messages proposed in this paper, can be used to leverage SSR support in 3GPP as early as Release 15.
3	Discussion
3.1	Support for SSR concept: PPP, RT – PPP, PPP - RTK
There are different ways to model GNSS errors given the correction information from multiple reference stations. One ideal approach is a complete state space modelling, lately named “State Space Representation (SSR)”. All PPP – labelled technologies are using the same principle as SSR to consistently derive all individual GNSS errors in real time, bringing the accuracy to a higher level. In the next lines all methods supported by SSR concept, starting with conventional PPP, are briefly described.
Precise Point Positioning (PPP) is using carrier phase measurements and a network of fixed reference stations to achieve high accuracy position estimates, same principle as RTK and Network RTK. PPP´s popularity comes from the fact that nearby reference stations are not required for processing, and the technique gives the appearance that only a single receiver is needed (there is no baseline limitation as in N-RTK). The reality is that PPP service providers use widespread (often global) networks of reference receivers to produce accurate estimates of GNSS satellite orbits and clock errors. Strictly speaking, PPP is not differential, i.e. zero difference, since in most implementations the ground network´s clock and ephemeris estimates are supplied directly to the end user to be substituted for the broadcasted data from each GNSS satellites (compared to N-RTK with broadcast differential corrections). This is the main advantage of PPP, but the downside is that PPP requires 15 to 20 minutes to achieve centimetre - level accuracy  with 95% reliability in a cold start mode [3]. Slow convergence may be acceptable for some applications such as geodetic surveying, but it is likely to be unacceptable for 3GPP mobile applications for precisely positioning vehicles, IoT and drones. Such future mass – market  applications will most likely need a faster convergence.
Faster convergence (i.e. carrier phase ambiguity resolution) could be achieved by performing a hybrid solution combining PPP with some elements of carrier based DGNSS processing/Network RTK. To resolve carrier phase ambiguities the satellite and receiver equipment delays have to be eliminated, as is the case in DGNSS double differencing (Network RTK). With a global network of stations it can be possible to estimate satellite HW code and phase biases. These  biases can be broadcast to the user along with the traditional PPP precise orbit and clock products to allow UE to remove the satellite delays. Further processing will be required to eliminate the receiver equipment delays using between – satellite  single differences, and therefore estimate and fix just the integer carrier phase ambiguity terms. The result still gives the appearance of standalone positioning, as there is no baseline limitation/restriction and it can achieve convergence to centimetre – level accuracy in just a few seconds or even over a single observation epoch. This is called PPP - RTK. 
While ambiguity - resolved PPP improves position solution precision and accuracy and reduces initial solution convergence period, quick convergence baseline RTK – like performance is still not attainable. Ionospheric modelling for rapid re – convergence is needed in sky obstructed areas with significant measurements gaps, which will result in re-initialization of the estimation filter. By estimating slant ionospheric delay (STEC), rather than eliminating this refraction effect, it is possible to bridge parameters during small spatial and temporal measurements gaps. As direct GNSS estimated slant ionospheric delays contain significant geometric information and vary slowly (e.g., over tens of meters and tens of seconds), STEC can be used after a data gap.
In summary, the PPP-labelled technologies can be defined as follows:
With PPP, precise satellite orbits and clocks are provided to enable single – receiver users to compute their receiver positions with a high, decimetre or centimetre, accuracy. When the orbits and clocks  streams are provided in real – time with no latency (as opposed to conventional PPP) the method is called RT – PPP (Real Time – PPP).
PPP – RTK extends the PPP concept by providing single – receiver users, next to orbits and clocks, also information about the satellite phase biases. In other words, PPP – RTK is integer ambiguity resolution – enabled PPP.
PPP – labelled technologies based on SSR concept display a series of advantages but also some limitations, which are summarized below.
Table 1: Features of SSR technologies: PPP, RT – PPP, PPP - RTK
	Features
	Observation

	1. Bandwidth/Communication
	
Small, compared to RTK, approx. 500 bps for conventional PPP. This is expected to be higher, in the range of 2000 bits, in case of multi constellation PPP – RTK. However, the nature of SSR implementation – segmentation of different error types rather than lump sum – allows to choose different update rates depending on the nature of the errors, thus bandwidth could be saved [1]. 
Broadcasting of parameters possible.  ( Uni – directional broadcasting as opposed to duplex communication in  N-RTK).

	2. Update rate
	
Some errors change slowly in time but using a long update interval means an increase in the TTFF as the full accuracy will be reached only once a complete set or corrections have been provided to a UE. This means that a balanced approach has to be used between update rate and TTFF for full accuracy. However, workarounds exist and [4] lists several examples.

	3. Link to reference stations
	
Independent of eNodeB location and the presence of a GNSS reference station in the vicinity of UE/eNodeB.
SSR/PPP requires a global GNSS network for computing the precise corrections, but much sparser than RTK.

	4. Handover re-initialisation
	
It allows the user to compute its own position in case of Reference Station outages or in case of Reference Station handover. In RTK, Reference Station handover makes the service unavailable for short periods of time because the algorithm needs to be re-initialised. 

	5. Standardisation status in RTCM
	
Almost all SSR/PPP commercially available solutions are based on proprietary standards and formats. However, RTCM is moving towards PPP support in open, published and public standards. RTCM 3.3 supports only conventional PPP for Dual Frequency users.
Implementation effort: higher order ionosphere effects, standardization of troposphere correction models are needed (3GPP could explore how to leverage LPP and some of the already agreed N – RTK message to support some of these parameters, mainly Ionosphere corrections).

	6. Coverage
	
SSR would work at the edge or outside of a local GNSS network area allowing to increase the coverage of the service, e.g. for users entering or exiting the network.
Global (orbits, clocks, signal biases, coarse vertical iono) / Regional (dense vertical ionosphere, coarse troposphere) / Local (precise slant ionosphere, dense troposphere).

	7. Supported GNSS and number of frequency
	
SSR supports multiple GNSS including GPS, GLONASS, Galileo, Beidou, QZSS.
SSR concept provides modelling solutions to all GNSS errors, not just the typical PPP errors: orbits and clock products. This means that even a single frequency UE could benefit of this service as it may be assisted with different parameters that model the ionospheric and tropospheric delays.
Scalability in terms of Positioning Mode: SF/DF/TF; PPP, PPP – RT, PPP – RTK. 
More realistic physical models for individual errors enables better modelling and interpolation.

	8.  Performance
	
Positioning Accuracy: different levels of accuracy, from RTK to SBAS, CLA: Centimeter Level Accuracy (QZSS service).
Scalability of accuracy and hence of the derived services: different update rates, different accuracy requirements. 
Initialization / TTFF: 
· conventional PPP – tens of minutes for decimeter level accuracy
· state of the art SSR (PPP - RTK): tests from Mitsubishi Electric Corporation have shown convergence time of 60s when the correction data also had to be acquired and 5s with correction data already available.
· High ionospheric irregularities still cause ambiguity fixing problems for some rover types.
Timing:
· Precise and accurate clock synchronization, useful for network synchronization, financial applications, electric grids, etc.


	9.   Encoding: ASN.1 in LPP [5]
	
Using ANS.1 rules, following the work on A-GNSS and Differential GNSS corrections.

RTCM can be a starting point and the feature could be easily enhanced by 3GPP alone rather than depending on other SDOs. 

This feature is backward compatible.




1. SSR concept represents the state of the art in high accuracy GNSS positioning, capable of meeting stringent requirements in terms of bandwidth, flexibility, scalability, performance, coverage and handover. As limitation, the low maturity of standardization in RTCM SC104, poses some challenges, however, there are work arounds that will allow to support SSR – based positioning methods in 3GPP starting with Release 15.  
[bookmark: _Hlk490211105]Proposal 1     Support SSR concept, and thus PPP, RT – PPP, PPP - RTK, in LTE Rel.15.

3.2	3GPP LPP and OMA LPE: existing GNSS assistance data to be considered for SSR

· 3GPP LPP

A careful look over LPP content in [5] immediately reveals a good amount of capabilities in the GNSS domain, some of them attractive to SSR concept. For example, in the GNSS domain there already are ionospheric models, to complement the already agreed RTCM 1017 and 1039, though these are limited to the (global) broadcast models as obtained from GPS, QZSS, BDS and Galileo, and with a lesser accuracy. 

The IE GNSS-IonosphericModel is used by the location server to provide parameters to model the propagation delay of the GNSS signals through the ionosphere. Proper use of these fields allows a single‑frequency GNSS receiver to remove parts of the ionospheric delay from the pseudorange measurements. Two Ionospheric Models are supported: the Klobuchar model and the NeQuick model.

-- ASN1START

GNSS-IonosphericModel ::= SEQUENCE {
	klobucharModel			KlobucharModelParameter		OPTIONAL,	-- Need ON
	neQuickModel			NeQuickModelParameter		OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

· OMA LPPe

There is no support for local ionosphere models nor for troposphere models in LPP. However, OMA LPPe [6] presents some attractive features that could be of interest to 3GPP for the scope of this WI. LPP Extensions (LPPe) are built on top of the 3GPP LPP, re-using its procedures and data types as far as possible. This means that the messages types are fixed; new messages cannot be defined, only extensions to existing ones can be formulated.

OMA LPPe introduces several enhancements for various positioning methods, including A-GNSS, as well as completely new methods:
· The OMA LPPe introduces a localized Klobuchar model, which presents the delay corrections in the well-known Klobuchar model, but for a limited-validity area and time for more accurate delay compensation. 
· Ionosphere storm warnings can be carried to the UE at the chosen resolution.

Table 3: Local Ionospheric models supported in LPPe
-- ASN1START

OMA-LPPe–AGNSS-IonosphericModel ::= Choice {
	staticModels  SEQUENCE	{
				   	  localKlobucharModelList OMA-LPPe-AGNSS-LocalKlobucharModelList	  OPTIONAL,
					  ionoStormIndication	 OMA-LPPe-AGNSS-IonoStormIndication       OPTIONAL,
					  ...
					  },
	waIono		  CHOICE {
					  controlParameters OMA-LPPe-AGNSS-WideAreaIonoSurfaceControlParametersProvide,
					  commonProvide		OMA-LPPe-AGNSS-WideAreaIonoSurfaceCommon,
					  ...
					  },
	...
}

-- ASN1STOP

· The troposphere model in LPPe carries the hydrostatic (ZHD) and wet zenith delays (ZWD), their change rates in the height dimension for approximating the zenith delays at the UE altitude, Niel mapping functions for hydrostatic and wet components, and composite spatial gradients. Alternatively, the surface meteorological parameters (pressure, temperature) can be carried to the UE, and the calculation of the troposphere delay is left for the UE.
· Another troposphere model is the altitude-pressure relationship for the UEs with a barometer. This altitude assistance increases availability by introducing an independent source of altitude information.

1. 3GPP LPP and OMA LPPe present interesting error corrections in the A-GNSS domain, potentially useful for support of PPP – labelled technologies based on SSR concept.   
3.3	RTCM v3.3: standardized and proposed messages to enable SSR concept
There is a general consensus that the RTCM standard message types and data fields should be used as a baseline, although other SDOs should not be automatically ruled out. SSR is the latest RTCM addition and is expected to replace OSR techniques for all types of GNSS positioning applications with better performance and reduced costs. SSR provides more realistic physical models for individual errors which enables better modelling and interpolation at the device, in particular for large-area network RTK. Conventional PPP for dual frequency receivers is already supported in RTCM 3.3 for GPS and GLONASS systems, as satellite orbits, clock errors, and code biases are already present in the standard, leaving to the UE to deal with the ionospheric modelling [1].

1. SSR messages are the latest RTCM additions and expected to replace OSR techniques in the future. As part of SSR standardization, RTCM developed correction messages for code based PPP for dual frequency receivers (GPS and GLONASS).
Although the official standard is not mature enough to support RTK – PPP, additional messages exist in RTCM since 2013 at proposal level and some of them are published in [7]. Furthermore, a complete overview of messages proposed for PPP is presented in [8].

Table 3: RTCM SSR message: green – already standardized, blue – proposed but not standardized (source: BKG/Federal Agency of Cartography and Geodesy [9]).
	System/RTCM SSR Message (* proposed)
	GPS
	GLONASS
	Galileo
	SBAS
	QZSS
	BDS

	Orbits
	1057
	1063
	1240*
	1246*
	1252*
	1258*

	Clocks
	1058
	1064
	1241*
	1247*
	1253*
	1259*

	Code Biases
	1059
	1065
	1242*
	1248*
	1254*
	1260*

	Combined Orbits and Clocks
	1060
	1066
	1243*
	1249*
	1255*
	1261*

	VTEC
	1264*

	Phase Biases
	1265*
	1266*
	1267*
	1268*
	1269*
	1270*

	Slant Iono (STEC)
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A

	Troposphere
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A



The vast majority of SSR services operate under proprietary systems and use satellite communication to broadcast corrections to subscribers. However, as presented in [4], open SSR services exist, although less common compared to proprietary solutions. In addition to OZSS CLAS, and MADOCA, another interesting pilot service/demonstrator called PPP – Wizard, is provided by CNES (The French Space Agency) to mass-market GNSS receivers and also smartphones [10]. CNES, one of the Analysis Centres of IGS (International GNSS Service), provides Real Time Services based on an extended array of SSR messages: SSR Phase I for GPS and GLONASS as per RTCM v3.3, but also RTCM proposed messages not officially standardized. Not only CNES, but also other IGS Analysis Centres, as part of Real Time IGS Pilot Project, are providing various corrections enclosed in SSR messages. Furthermore, BKG has established the broadcaster http://products.igs-ip.net that provides all IGS – RT PP products under an open data policy. 

1. Besides commercial solutions based on proprietary implementation there is a good amount of services worldwide providing Real Time PPP based on a combination of SSR messages from RTCM 3.3 with proposed RTCM SSR messages defined, but not yet standardized in official releases.
Table 5: SSR messages broadcasted by various IGS Analysis Centres, with emphasize on CNES.
[image: ]
In order to create a competitive service aligned to needs of mass-market applications, this WI should provide a solid platform capable to integrate easily any future updates in high accuracy GNSS based positioning as suggested in [4], [11] and [12]. While PPP - RTK is still a work in progress in RTCM standardization, support for conventional PPP and RT – PPP, (and even RTK – PPP by leveraging the use of LPP A-GNSS corrections and LPPe content) for future use may still be provided as early as Rel.15.
1. Analysing existing SSR messages, standardized and proposed, it is easy to see that the information/data structure for each individual error source (e.g. orbits, clocks, code biases) is essentially the same and can be generalized to support multiple GNSS. 
1. From all that is written above it can be easily seen that the standardization effort in RTCM for SSR concept is not yet complete, especially when it comes to atmospheric models, data compression and integrity, but there are workarounds, based on LPP A-GNSS and RTCM proposed messages, that would allow an early support of a robust SSR concept as soon as Release 15.
Proposal 2    Introduce a future proof RTK support platform, based on open standards that can be easily updated according to RTCM standardization work, 3GPP own initiatives or other SDOs, if appropriate.
Proposal 3    As a baseline, 3GPP is kindly asked to use the SSR messages defined RTCM Standard 1043.3 [1]and the draft SSR messages proposed in RTCM and published in [7]. 
The following messages are recommended to be adopted in a RTK platform that can be easily controlled by 3GPP and extended, when appropriate, based on own initiatives, progressing RTCM standardization work, and/or other SDOs:
· GPS SSR (1057 – 1062)
· GLONASS SSR (1063 – 1068)
· GPS Phase Biases 1265
· GLONASS Phase Biases 1266
· Galileo SSR (1240 – 1243) and Galileo Phase Biases 1267
· SBAS SSR (1246 – 1249) and QZSS Phase Biases 1268
· QZSS SSR (1252 – 1255) and QZSS Phase Biases 1269
· BeiDou SSR (1258 – 1261) and BeiDou Phase Biases 1270
These proposed messages comprise a baseline and additional support can be discussed as the work carried out in 3GPP should not be restricted to only what has already been agreed by RTCM. 
Proposal 4    3GPP is kindly asked to translate all agreed RTCM SSR message types and data fields to ASN.1 and add the corresponding information elements to the LPP A-GNSS-ProvideAssistanceData message.
Proposal 5 	3GPP is kindly asked to discuss SSR support based on alternative solutions to RTCM, as long as these solutions are based on open, published and public standards and formats.
1. Leveraging LPP A-GNSS and Proposal 3, an almost complete SSR mapping could be achieved. To deal with the missing error sources, high resolution/local ionosphere models and local troposphere models in LPPe might come in handy
[bookmark: _GoBack]Proposal 6 	3GPP is kindly asked to discuss the pros and cons of LPPe local atmospheric models for SSR support in LPP.

4	Conclusion
1. Combined geometric and ionospheric corrections are part of agreed messages during RAN2 #99. These corrections, together with other messages proposed in this paper, can be used to leverage SSR support in 3GPP as early as Release 15.
1. SSR concept represents the state of the art in high accuracy GNSS positioning, capable of meeting stringent requirements in terms of bandwidth, flexibility, scalability, performance, coverage and handover. As limitation, the low maturity of standardization in RTCM SC104, poses some challenges, however, there are work arounds that will allow to support SSR – based positioning methods in 3GPP starting with Release 15.  
1. 3GPP LPP and OMA LPPe present interesting error corrections in the A-GNSS domain, potentially useful for support of PPP – labelled technologies based on SSR concept.   
1. SSR messages are the latest RTCM additions and expected to replace OSR techniques in the future. As part of SSR standardization, RTCM developed correction messages for code – based PPP for dual frequency receivers (GPS and GLONASS).
1. Besides commercial solutions based on proprietary implementation there is a good amount of services worldwide providing Real Time PPP based on a combination of SSR messages from RTCM Recommended Open Standard with proposed RTCM SSR messages defined but not yet standardized in official releases.
1. Analysing existing SSR messages, standardized and proposed, it is easy to see that the information/data structure for each individual error source (e.g. orbits, clocks, code biases) is essentially the same and can be generalized to support multiple GNSS. 
1. From all that is written above it can be easily seen that the standardization effort in RTCM for SSR concept is not yet complete but there are work arounds, based on LPP A-GNSS and RTCM proposed messages, that would allow an early support of a robust SSR concept as soon as Release 15.
1. Leveraging LPP A-GNSS and Proposal 3, an almost complete SSR mapping could be achieved. The only missing error sources, high resolution/local ionosphere models and local troposphere models are currently defined in LPPe.
Proposal 1     Support SSR concept, and thus PPP, RT – PPP, PPP - RTK,  in LTE Rel.15.

Proposal 2    Introduce a future proof RTK support platform, based on open standards, that can be easily  updated according to RTCM standardization work, 3GPP own initiatives or other SDOs, if appropriate.
Proposal 3    As a baseline, 3GPP is kindly asked to use the SSR messages defined RTCM Standard 1043.3 [1]  and draft SSR messages proposed in RTCM and published in [7].
The following messages are recommended to be adopted in a RTK platform that can be easily controlled by 3GPP and extended, when appropriate, based on own initiatives, progressing RTCM standardization work, and/or other SDOs:
· GPS SSR (1057 – 1062)
·    GLONASS SSR (1063 – 1068)
· GPS Phase Biases 1265
· GLONASS Phase Biases 1266
· Galileo SSR (1240 – 1243) and Galileo Phase Biases 1267
· SBAS SSR (1246 – 1249) and QZSS Phase Biases 1268
· QZSS SSR (1252 – 1255) and QZSS Phase Biases 1269
· BeiDou SSR (1258 – 1261) and BeiDou Phase Biases 1270
These proposed messages comprise a baseline and additional support can be discussed as the work carried out in 3GPP should not be restricted to only what has already been agreed by RTCM. 
Proposal 4    3GPP is kindly asked to translate all agreed RTCM SSR message types and data fields to ASN.1 and add the corresponding information elements to the LPP A-GNSS-ProvideAssistanceData message.
Proposal 5 	3GPP is kindly asked to discuss SSR support based on alternative solutions to RTCM , as long as these solutions are based on open, published and public standards and formats.
Proposal 6 	3GPP is kindly asked to discuss the pros and cons of LPPe local atmospheric models for SSR support in LPP.
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