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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 positioning is one of the major objectives 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]
In RAN2#98[2], there are some discussions on how to support RTK positioning, and achieved the following agreements:


· Correct data is provided by ESMLC. We will not discuss how ESMLC get this data in 3GPP. 
· To support both UE based and UE assisted for RTK GNSS. How to support them is FFS.
· Let’s discuss the details first and then see whether to send LS to RAN1 in next meeting. 

In this paper, we provide discussions on unicast RTK positioning over LPP.
2 Discussion
In LTE, the overall procedure for any location service is shown in Fig.1. As for the unicast RTK positioning over LPP, it has the similar procedure. It can be described as the following 5 steps.
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Fig.1 Location Service Support procedure

· Step1: Location service request:
The unicast RTK positioning can be requested from the UE, the MME or other EPC LCS Entities which keeps consistency with current positioning in LTE. Then the MME will transfer the location service request to the E-SMLC and triggers the positioning procedure.
· Step2: UE capability transfer:

Since both UE-based and UE-assisted unicast RTK positioning are supported, UE needs to report the supported positioning mode to the E-SMLC as what A-GNSS does as follows[3]. 

–
PositioningModes

The IE PositioningModes is used to indicate several positioning modes using a bit map. 

-- ASN1START

PositioningModes ::= SEQUENCE {


posModes

BIT STRING { 
standalone 
(0),










ue-based
(1),










ue-assisted
(2)  } (SIZE (1..8)),


...

}

-- ASN1STOP

	PositioningModes field descriptions

	posModes

This field specifies the positioning mode(s). This is represented by a bit string, with a one‑value at the bit position means the particular positioning mode is addressed; a zero‑value means not addressed.


The GNSS variants supported in RTCM 10403.2 are GPS, Galileo, GLONASS, BeiDou, QZSS, etc. And for a certain GNSS system, different frequency operations are supported e.g. GPS single-frequency (L1) operation and GPS dual-frequency (L1&L2) operation. Regarding the different GNSSs and frequencies, UE may have different capabilities. So it is reasonable to report the supported GNSSs and frequencies that the E-SMLC can provide the corresponding correction data. In LTE, A-GNSS positioning also has similar case, UE report GNSS-SignalIDs IE to the E-SMLC as shown in the following.

–
GNSS-SignalIDs
The IE GNSSSignal‑IDs is used to indicate several GNSS signals using a bit map. The interpretation of GNSSSignal‑IDs depends on the GNSS‑ID.
-- ASN1START

GNSS-SignalIDs
::= SEQUENCE { 


gnss-SignalIDs

BIT STRING (SIZE(8)),


...

}

-- ASN1STOP

	GNSS-SignalIDs field descriptions

	gnss-SignalIDs

This field specifies one or several GNSS signals using a bit map. A one‑value at the bit position means the particular signal is addressed; a zero‑value at the particular bit position means the signal is not addressed. The interpretation of the bit map in gnssSignalIDs depends on the GNSS‑ID and is shown in the table below.

Unfilled table entries indicate no assignment and shall be set to zero.


interpretation of the bit map in gnssSignalIDs
	GNSS 
	Bit 1

(MSB)
	Bit 2
	Bit 3
	Bit 4
	Bit 5
	Bit 6
	Bit 7
	Bit 8

(LSB)

	GPS
	L1 C/A
	L1C
	L2C
	L5
	
	
	
	

	SBAS
	L1
	
	
	
	
	
	
	

	QZSS
	QZS-L1
	QZS-L1C
	QZS-L2C
	QZS-L5
	
	
	
	

	GLONASS
	G1
	G2
	G3
	
	
	
	
	

	Galileo
	E1
	E5a
	E5b
	E6
	E5a+E5b
	
	
	

	BDS
	B1I
	
	
	
	
	
	
	


Refer to A-GNSS in LTE, similar capability can be introduced to support RTK positioning. It is beneficial for UE power consumption to avoid receiving unnecessary information. 
Propsoal1: UE shall provide the supported poisoning mode (such as UE-based mode, UE-assisted mode ), GNSS and frequency to the E-SMLC as UE capabilities.
· Step3: E-SMLC acquire UE approximate location:

Generally the basic position procedure of Network RTK is that: the reference stations are linked to a processing centre, and the reference stations will transmit the raw measurements to the processing centre. The processing centre acquires the approximate position of UE and then calculates and transports the correction data to the UE. 
When the RTK is introduced in cellular technique, the processing centre can be regarded as E-SMLC. Thus, during the unicast RTK positioning, the E-SMLC shall require the approximate position from UE accordingly. 
Propsoal2: A new LPP procedure shall be introduced for UE approximate location transmission over LPP.
· Step4: Assistant data transfer
As analysed in [3], it is obviously reasonable to transmit correction data as a transparent RTCM payload over LPP. Furthermore, for simple design, the assistance data can be defined as a unified data structure in ASN.1 for both unicast case and broadcast case on RTK positioning. 
Proposal3: The assistance data shall be defined as a unified data structure in ASN.1 and transmitted as a transparent RTCM payload over LPP for both unicast and broadcast RTK positioning.
· Step5: Location information transfer
For UE-based RTK, when the location service is requested by network, the UE needs to report the location result to the E-SMLC after the UE calculate the accurate location position. The location result includes the detailed coordinates. While if the location service is requested by itself, the UE will not need to transmit the location results to the E-SMLC.
For UE-assisted RTK, the location information is used to provide the measurements results from the UE to the E-SMLC. The measurement results include the carrier frequency and its quality.
According to the analysis in above steps, the general positioning procedures in LTE can be reused to support unicast RTK as shown in Fig.2 and Fig.3.

Proposal4: The framework of unicast RTK positioning is same as the existing positing positioning methods in LTE.
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Fig.2 Unicast procedure for UE-based RTK positioning
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Fig.3 Unicast procedure for UE-assisted RTK positioning

3 Conclusion

In this contribution, the procedure of UE-based RTK data positioning are discussed, and some proposals are listed as following. 
Propsoal1: UE shall provide the supported poisoning mode (such as UE-based mode, UE-assisted mode ), GNSS and frequency to the E-SMLC as UE capabilities.
Propsoal2: A new LPP procedure shall be introduced for UE approximate location transmission over LPP.
Proposal3: The assistance data shall be defined as a unified data structure in ASN.1 and transmitted as a transparent RTCM payload over LPP for both unicast and broadcast RTK positioning.
Proposal4: The framework of unicast RTK positioning is same as the existing positing positioning methods in LTE.
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