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1	Discussion
HA-GNSS (RTK, N-RTK, PPP) positioning is supported in LTE Rel-15 as defined in TS 36.305 [1] and broadcast of assistance data has been added to LTE Rel-15 [1,2]. At RAN1 #96 it was agreed to continue the ehnancement of GNSS support throughout Release 16 by completing the inclusion of SSR in LPP and broadcast of assistance data in NR Rel-16 [3].
In this contribution, we present a summary of the implementation of SSR assistance data in LTE Release 15 and highlight some issues. The current approach is based on RTCM SC104 v3.3 specifications [4]. This means the clock/orbit/satellite signal bias (code and carrier phase) are defined for each GNSS system and several fields e.g. Satellite ID and Signal ID are repeated too many times instead of being provided only once.
2	Summary GNSS SSR support in LPP
A new concept to mitigate the major GNSS errors has been introduced recently, namely the State-Space Representation (SSR), and with it, two new GNSS positioning techniques: PPP and PPP-RTK. The former compensates only for the global corrections (satellite orbit, clock corrections and satellite signal bias), while the latter compensates global and local corrections: atmospheric corrections including the ionosphere and tropospheric delay are also provided. 
The GNSS state vector of SSR typically consists of the following basic error components:
-	satellite orbit errors,
-	satellite clock errors,
-	satellite signal biases (delays of codes (code-bias) and carrier phases (phase-bias) within satellite hardware and software),
-	ionospheric delay parameters,
-	tropospheric delay parameters,
-	quality indicators for state parameters.
The next figure shows the type of corrections provided by RTK, PPP and PPP-RTK for each error component along with the typical update rate of each correction:
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Figure 1: Source of range errors and the type of correction
Starting with Release 15, 3GPP begun working on including the support of SSR in LPP. The support of this positioning feature is phased in over two releases: Phase I, coinciding with 3GPP Release 15, comprise in satellite clock, orbit, and code bias errors, and Phase II, comprise with 3GPP Release 16, covers the remaining SSR error states listed above (Figure 2).
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Figure 2: Phasing of SSR into LPP
The reason why SSR is phased into LPP is because of the lack of appropriate and complete GNSS SSR standards at the time the work on Release 15 was unfolding. The SSR IEs added in Release 15 are based on RTCM standards [4] which supports the SSR assistance data listed above under Phase I. This has not changed and RTCM has not yet published an updated standard which supports the missing SSR assistance data elements. However, "compact SSR" messages have now been defined for the Quasi-Zenith Satellite System (QZSS) Centimetre Level Augmentation Service (CLAS) [5], so in Phase II the remaining SSR error states are being defined based on CLAS.
2.1 		Duplication of sv-ID and signal-ID fields in LPP Release 15
The following operations scenario is being analysed: the UE supports 3 GNSS systems (Galileo, GPS, GLONASS) and it needs a to report to LCS application its location information once every second. The GNSS method of choice to compute this location information is PPP which requires SSR corrections. For this, LPP is used point-to-point between a location server and a UE in order to position the UE using transport of GNSS Assistance Data.
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Figure 3: GNSS SSR Assistance data transaction
Throughout the positioning session the UE can acquire and track relevant signals on L1/E1 and L5/E5a coming from 8 satellites for each of the 3 GNSS constellations. Two type of measurements are being derived at the UE: code-based (pseudorange) and carrier phase-based measurements. This means that for each satellite, the E-SMLC has to transfer to the UE the following SSR corrections: GNSS-SSR-Clock, GNSS-SSR-Orbit, GNSS-SSR-CodeBiases, and GNSS-SSR-CarrierPhaseBiases (for simplicity sake, in this scenario the atmospheric models are left out). Due to the nature of each GNSS corrections, the following periodicity has been configured: clocks errors every 5 seconds, and orbit errors/signal biases every 30 seconds.
An LPP session begins (see figure 4): the UE sends a RequestAssistanceData message to the E-SMLC; the E-SMLC responds with a ProvideAssistanceData message to the target containing assistance data that matches the one requested in step 1; the UE uses these assistance data to compute its location with high accuracy. 
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[image: ]At T = 30 a complete set of SSR data is provided.

Figure 4: 30 seconds long LPP session with periodic transfer of GNSS SSR Assistance Data.
From the picture above it can be noticed that every time a complete set of GNSS SSR assistance data is provided, several fields are repeated more than needed. For example, for every SSR IE the SV-ID is provided while the field signal-ID is present in GNSS-SSR-CodeBias and GNSS-SSR-CarrierPhaseBias IEs. This issue has its root in the RTCM v3.3 specs which uses a separate message for each SSR correction type.
The unnecessary repetition of SV-ID and signal-ID increases the size of the ProvideAssistanceData message. In LPP, SV-ID is represented using 6bit and in this specific example there are 24 satellites (GPS: 8 SV, GAL: 8 SV, GLO: 8 SV) and the update interval of clock i.e. periodicity for GNSS-SSR-ClockCorrections is 5 seconds and the update interval of orbit, code bias corrections is 30 seconds. In a 30 seconds window with periodicity selected as above, the list of SV-ID will be replicated 4 times (1 for each GNSS SSR IEs) at time instances where a complete set of SSR corrections are provided. The SV-ID alone will consume 1296 bits in 30 seconds:
24 * 6 * (30/5) + 24 * 6 * (30/30) + 24 * 6 * (30/30) + 24 * 6 * (30/30) = 1296 bits
In QZSS CLAS a concept called Compact SSR mask is used; it only consumes 40*3 = 120bits, where the length of bitmask for each GNSS is 40 bits. Additionally, in RTCM SSR, the clock/orbit/bias correction messages are defined for each GNSS. So, it is necessary to send three clock/orbit/bias messages to support 3 GNSS (GPS/GAL/GLO). For Compact SSR, it defines the unified GNSS correction messages for clock/orbit/bias/iono. Thus the correction messages are sent only once, further reducing the size.

In summary in LPP, once every 5 seconds the UE is receiving an updated set of clock corrections and every 30 seconds a new set of orbit corrections and signal biases. These assistance data is used by the UE to compute a location with high accuracy every second.
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Figure 5: Summary positioning session.
Observation 1	Given that Release 15 specs are frozen and changes only to Release 16 specs will create backward compatibility issues for the already defined GNSS SSR IEs, it is not clear what is the best way forward. 
Observation 2	To improve the effectiveness of current LPP, without adding new message for orbit/clock/code bias, several minor changes could be considered:
· Change SV-ID, GNSS-SignalID as ‘optional’ in relevant SSR IEs
· Add a new IE, similar to Compact SSR Mask from QZSS CLAS, which includes a bitmask to assign SV-ID and GNSS-SignalID
· Dynamic range and bit length of orbit/clock/code and phase bias changed to be optional/selectable.
Proposal 1		RAN2 to advise whether is necessary to improve the effectiveness of current SSR IEs. 
2.3 		Atmospheric models – correction type field
The GNSS-SSR-STEC-Correction and GNSS-SSR-GriddedCorrection IEs are added to LPP based on QZSS CLAS. 
The ionosphere slant delay (STEC) consist of the polynomial part of the compact SSR STEC network correction message and the residual part from the compact SSR gridded correction message. The user is provided with polynomial coefficients that are to be used at the UE to compute the ionosphere slant delay at reference grid selected based on UE´s rough position. In QZSS CLAS the UE is provided with a field called STEC Correction Type that instructs how the polynomial coefficients are to be used. 
Same principle is used also for SSR Gridded Corrections. 
In the [6] the Correction Type field has not been translated to the two relevant SSR IEs. 
Proposal 2		Add a Correction Type field to GNSS-SSR-STEC-Corrections and GNSS-SSR-GriddedCorrections IEs.
3. Summary
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Observation 2	To improve the effectiveness of current LPP, without adding new message for orbit/clock/code bias, several minor changes could be considered:
· Change SV-ID, GNSS-SignalID as ‘optional’ in relevant SSR IEs
· Add a new IE, similar to Compact SSR Mask from QZSS CLAS, which includes a bitmask to assign SV-ID and GNSS-SignalID
· Dynamic range and bit length of orbit/clock/code and phase bias changed to be optional/selectable.
Proposal 1		RAN2 to advise whether is necessary to improve the effectiveness of current SSR IEs. 
Proposal 2		Add a Correction Type field to GNSS-SSR-STEC-Corrections and GNSS-SSR-GriddedCorrections IEs.
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