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1 Introduction

In RAN#75[1], a new work item on “UE Positioning Accuracy Enhancements for LTE” was agreed [1]. RTK GNSS positioning is one of the major objective of the WID. 


· 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]

· Broadcasting of assistance data [RAN2, RAN3, SA3, SA2]
· Specify a new SIB to support signalling of positioning assistance information for A-GNSS, RTK and UE-based OTDOA assistance information. 

· Specify optional encryption procedure for broadcast assistance data, including mechanism for delivery of UE-specific encryption keys. 

In this paper, we provide analysis on additional measurement for RTK GNSS.
2 Discussion
RTK Satellite navigation enhances the precision of GNSS by real-time correction data provided by RTK server. It uses measurement of the phase of signal’s carrier wave, rather than the phase of the code as normal GNSS receiver. Since phase of carrier wave has high time resolution, it can provide up to centimeter-level accuracy. For instance, the GPS C/A code changes phase at 1.023 MHz, but the GPS L1 carrier signal is at 1575.42MHz. The GPS L1 carrier frequency corresponds to a wavelength of 19 cm, thus provides more accurate positioning.

The distance from UE to the satellite will be derived based on the carrier phase measurement results. The distance estimation error results from e.g. ionosphere signal refraction and satellite orbit errors will be corrected by the RTK correction data.
Observation1: RTK GNSS achieves high accuracy via carrier phase measurement.
There are two positioning modes for RTK GNSS, which are UE based mode and network assist mode as shown in figure 1 and figure 2 respectively.
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Fig.1 Procedure for UE based mode for RTK Positioning
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Fig.2 Procedure for Network assist mode for RTK Positioning
· UE based mode:
In UE based mode, UE receives RTK correction data via SIB and calculate position by itself. There is no need to report measurement results in UE based mode.

Step1: RTK data generation at E-SMLC:

The E-SMLC receives the raw measurements from RTK reference station. Additionally, eNB could provide its location to the E-SMLC and E-SMLC will generate RTK correction data using eNB location as virtual reference station. 
Step2: RTK data is transferred from E-SMLC to the eNB via LPPa

Step3: eNB broadcasts RTK data via SIB.
Step4: UE receives RTK data. Thus UE could use RTK correction data broadcasted by eNB to further improve its positioning. 
Observation2: No need to define additional measurement for RTK GNSS for UE based mode.

· Network assist mode:

In network assist mode, UE reports GNSS measurement data to the E-SMLC. E-SMLC calculates UE position.
Step1: Upon received location request either from UE or the network, E-SMLC requests location information from UE. E-SMLC also gets raw measurement data from RTK reference station.
Step2: UE provides GNSS location information including carrier phase information to the E-SMLC.
Step3: E-SMLC generates RTK correction data and calculates UE position. E-SMLC then reports the UE location to either UE or the network.
Currently, carrier phase measurement has already been supported by 3GPP. The IE GNSS-MeasurementList is used by the target device to provide measurements of code phase, Doppler, C/No and optionally accumulated carrier phase, also called accumulated delta range (ADR) in TS36.355.

-- ASN1START

GNSS-MeasurementList  ::= SEQUENCE (SIZE(1..16)) OF GNSS-MeasurementForOneGNSS
GNSS-MeasurementForOneGNSS ::= SEQUENCE {

gnss-ID




GNSS-ID,


gnss-SgnMeasList 

GNSS-SgnMeasList,


...

}

GNSS-SgnMeasList ::= SEQUENCE (SIZE(1..8)) OF GNSS-SgnMeasElement

GNSS-SgnMeasElement ::= SEQUENCE {


gnss-SignalID


GNSS-SignalID,


gnss-CodePhaseAmbiguity
INTEGER (0..127)

OPTIONAL,


gnss-SatMeasList 

GNSS-SatMeasList,


...

}

GNSS-SatMeasList ::= SEQUENCE (SIZE(1..64)) OF GNSS-SatMeasElement

GNSS-SatMeasElement ::= SEQUENCE {


svID 



SV-ID,


cNo 



INTEGER (0..63),


mpathDet 


ENUMERATED {notMeasured (0), low (1), medium (2), high (3), ...},


carrierQualityInd 
INTEGER (0..3) 



OPTIONAL, 
 


codePhase 


INTEGER (0..2097151),


integerCodePhase 
INTEGER (0..127) 


OPTIONAL,


codePhaseRMSError 
INTEGER (0..63), 





 


doppler 


INTEGER (-32768..32767) 
OPTIONAL,


adr 



INTEGER (0..33554431) 

OPTIONAL,

...

}

-- ASN1STOP

	adr

This field contains the ADR measurement measured by the target device for the particular satellite signal. This information can be used to compute the 3-D velocity or high-accuracy position of the target device. ADR measurements are converted into units of meter by multiplying the ADR measurement by the nominal wavelength of the measured signal.
Scale factor 2-10 meters, in the range from 0 to 32767.5 meters. This field is optional, but shall be included, if the adrMeasReq in GNSS-PositioningInstructions  is set to TRUE and if ADR measurements are supported by the target device (i.e., adr-Support is set to TRUE in A-GNSS-ProvideCapabilities).


Observation3: Carrier phase measurement reporting has already been supported in current specification.

Observation4: Current specification can support RTK GNSS in network assisted mode.

Proposal: No need to introduce carrier phase measurement in TS36.214.
3 Conclusions

In this paper, we provide analysis on additional measurement for RTK GNSS, and some proposals are listed as following. 
Observation1: RTK GNSS achieves high accuracy via carrier phase measurement.
Observation2: No need to define additional measurement for RTK GNSS for UE based mode.

Observation3: Carrier phase measurement reporting has already been supported in current specification.

Observation4: Current specification can support RTK GNSS in network assisted mode.

Proposal: No need to introduce carrier phase measurement in TS36.214.
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