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Introduction
In the last RANP meeting, the following objective has been made for the work item phase of R16 positioning
	Define extensions of LPP protocol to support GNSS SSR (PPP-RTK support) based on the “Compact SSR” definitions specified for QZSS [RAN2]
0. Note: Both, PPP and RTK, are already supported in Rel-15 LPP. The extensions are for PPP-RTK which requires additional info in Rel-16.


In this contribution, we discuss the necessary extensions for the LPP protocol to support GNSS SSR based on the objective. 
RTK and PPP
In Release-15 positioning, real time kinetics (RTK) and precise point positioning (PPP) have been introduced for the high accuracy GNSS (HA GNSS). In this section, we give a rough review on this and discuss the further motivation for SSR.
0. Review of positioning with carrier phase
In the GPS or any GNSS system, two types of measurements can be obtained by the terminals, which are code phase measurement and carrier phase measurement. The original design of GPS is based on code phase measurement and trilateration and centimetre accuracy was not foreseen at that time. The precision of the code phase measurement is on the order of 0.5 – 1m even with the removal of selective accessibility, while that of the carrier phase measurement is on the order of millimetres, much more accurate than code phase measurement. Hence, code phase approaches have long been promoted as the further enhancements for GPS, among which RTK and PPP are two examples.
Relative positioning, which is based on the measurement of relative positions and additions of these relative positions to the reference point, has been used since the early ages of navigation as dead reckoning. While in the age of satellite positioning, the process consists of selecting a starting point located in the middle of the area of interest and determining its positional coordinates from astronomical observations. A network of reference stations would cover the area of interest. The measurement of the reference point is transmitted to the terminal via radio link. 
Point positioning, on the other hand, is the estimation of the position itself. While the difference from PPP and these point positioning techniques with meter level accuracy is that the fix is obtained in real time and the level of accuracy is in centimetre, which requires carrier phase measurement. This is achieve by sending assistance information to the terminal, called state space representation (SSR), which isolate the sources of errors one-by-one instead of in a lump-sum. 
While both based on carrier phase measurement, while one is based on relative positioning and another based on point positioning, industries see the benefits of combining these two approaches as the PPP-RTK to exploit the complementarities of these two technologies. While in the course of discussion in 3GPP, parallel discussion on the PPP-RTK in the other standardization organization had been ongoing and that it is reason why it is delayed to the future releases. Now, implementation has been deployed to the Japanese QSZZ system, which, according to the agreement from RANP, for which 3GPP has re-opened the gate and shall be the baseline for its introduction to 3GPP. 
RTK and PPP in R15 positioning
In R15 positioning, the following corrections on RTK and PPP have been made to the 3GPP specification in the normative work for NR:
· RTK
· Information that may be transferred from the LMF to UE, including RTK Reference Station Information, RTK Auxiliary Station Data, RTK Observations, RTK Common Observation Information, GLONASS RTK Bias Information, RTK MAC Correction Differences, RTK Residuals, RTK FKP Gradients
· Recommendation of grouping assistance information for different RTK service levels, which include: Single base RTK service, Non-Physical Reference Station Network RTK service, MAC Network RTK service, FKP Network RTK service
· UE/LMF initiated Periodic Assistance Data Delivery
· PPP
· Information that may be transferred from the LMF to UE, including SSR Orbit Corrections, SSR Clock Corrections, SSR Code Bias
SSR in R16 positioning
In the CLAS specification, the following parameters have been introduced for Compact SSR:
	Compact SSR Mask

	Compact SSR GNSS Orbit Correction

	Compact SSR GNSS Clock Correction

	Compact SSR GNSS Combined Orbit/Clock Correction

	Compact SSR GNSS Satellite Code Bias

	Compact SSR GNSS Satellite Phase Bias

	Compact SSR GNSS Satellite Code and Phase Bias

	Compact SSR GNSS URA

	Compact SSR STEC correction

	Compact SSR Gridded Correction

	Compact SSR Service Information


While for the above parameters, that may or may not be fully needed by 3GPP, if a certain parameter is needed, it should be put under the message ProvideAssistanceData. 
Proposal 1: Add the needed parameters for compacts SSR to the IE GNSS-GenericAssistDataElement and PeriodicAssistanceDataControlParameters-r15 under the message ProvideAssistanceData in LPP spec. 
In Rel-15 NR and LTE, the RTK assistance parameters have been added to the IE GNSS-GenericAssistDataElement, we think for the addition of the PPP-RTK support, the needed parameters should also be included under this IE. Moreover, periodic assistance information is supported only for HA GNSS (i.e., RTK and PPP). 
Proposal1bis: For assistance information request, add the needed parameters for compact SSR in gnss-PeriodicAssistDataReq-r15 and GNSS-GenericAssistDataReqElement under the message RequestAssistanceData in the LPP spec. 
PPP-RTK certainly cannot be performed without the capability provision and enquiry. Hence, the needed parameters also need to be included in the provideCapability message in LPP. 
Proposal 2: Add the requested UE capabilities and the provided UE capabilities entries in the IE AssistanceDataSupportList under the message ProvideCapabilities, respectively. 
Next, for the network-based mode of positioning, the measurement from the UE such as the carrier phase measurements, need to be transferred to the LMF for position evaluation. While for this part, no change is needed and the framework for RTK in R15 can be reused. 
While for the UE-based positioning, the UE can use the measurement for its own calculation along with the assistance information sent from the network. After the location has been determined, if the request is from the network side, the UE can transfer the location result to the network. While for this part, no change is needed and the framework for RTK in R15 can be reused. 
Conclusion
In this contribution, we discuss the PPP-RTK support in 3GPP and make the following proposals:
Proposal 1: Add the needed parameters for compacts SSR to the IE GNSS-GenericAssistDataElement and PeriodicAssistanceDataControlParameters-r15 under the message ProvideAssistanceData in LPP spec. 
Proposal1bis: For assistance information request, add the needed parameters for compact SSR in gnss-PeriodicAssistDataReq-r15 and GNSS-GenericAssistDataReqElement under the message RequestAssistanceData in the LPP spec. 
Proposal 2: Add the requested UE capabilities and the provided UE capabilities entries in the IE AssistanceDataSupportList under the message ProvideCapabilities, respectively. 
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