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1	Introduction
In this paper, we discuss RTK (Real-time Kinematic) GNSS positioning enhancement and the broadcasting of assistance data required to support RTK GNSS.
2	Background
An updated work item “UE Positioning Accuracy Enhancements for LTE” [5] was approved in RAN#76 with the following objectives:
	
· 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]
· Specify support for IMU positioning:
· Specify the signalling and procedure to support IMU positioning over LPP and hybrid positioning including IMU related estimates. [RAN2, RAN1]
· As second priority, specify the signalling and procedure to support UE-based OTDOA positioning [RAN2]
· 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 take a look at the GNSS positioning enhancement and broadcasting of assistance data (with respect to RTK GNSS) objectives at a high level.   From the last RAN2 meeting, there is general agreement for:
A1. Correction data is provided by the E-SMLC
A2. We will not discuss how E-SMLC gets the correction data in 3GPP. 
A3. Both UE-based and UE-assisted positioning supported for RTK GNSS.

3	Discussion
3.1	Scope of support for RTK GNSS
There is some ambiguity about the scope of the WID for RTK GNSS, specifically on whether it should support so-called precise point positioning (PPP) techniques. 
RTK GNSS positioning is characterized by two enhancements compared to conventional GNSS: one or more fixed reference stations with known location, and carrier phase measurements taken by the reference stations and rover devices. The location of the rover is determined relative to the location of the reference station(s). Most discussions on this WID have been in the context of network RTK using multiple reference stations.  
Precise point positioning (PPP) achieves decimeter level accuracy using also carrier phase measurements and a network of fixed reference stations. However, because the reference stations are used to provide satellite orbit and clock corrections but are not used as relative location references, the density of the reference stations compared to RTK is much sparser. This is the main virtue of PPP, but the downside is that PPP requires tens of minutes to achieve sub-decimeter accuracy with 95% reliability [1]. Slow convergence may be suitable for some applications such as surveying, but it is likely to be unacceptable for 3GPP mobile applications for precisely positioning vehicles and drones. 
Faster convergence could be achieved by performing relative positioning with respect to the reference stations, but this technique, known as PPP-RTK, is mathematically similar to network RTK. Network RTK and PPP-RTK can achieve convergence in just a few seconds or even over a single observation epoch, and both can achieve centimetre-level accuracy.
There is a general consensus that the RTCM standard message types and data fields should be used to support RTK GNSS. The current RTCM version supports network RTK using observation state representation (OSR), meaning that corrections are based on reference station observations. PPP-RTK on the other hand requires a more sophisticated state space representation (SSR) of the corrections.  There are many benefits of SSR over OSR, including more flexibility and low data rates. However, the SSR messaging to support PPP-RTK is not available in the current RTCM. 
Because there is no support for PPP-RTK in the current RTCM and because of the slow convergence of PPP, we propose to support network RTK using OSR messages as defined in the current RTCM standard. 
Proposal 1: Use the RTCM Standard 10403.3 OSR message types and data fields to support network RTK.
3.2	Architecture and messages to support network RTK
Three network RTK techniques (sometimes called network RTK modes) are supported by the RTCM standard: Virtual reference station (VRS), master auxiliary concept (MAC), and area correction parameters (FKP). An overview of the call flow to support network RTK is shown in Figure 1. The new messaging to support RTK is highlighted in red. The architecture for network RTK consists of multiple physical reference stations whose raw measurements (e.g. code phase, carrier phase) are sent to an RTK server. According to agreements A1 and A2, the computation of RTK correction data (VRS, MAC, or FKP) given raw measurements from reference stations is outside the scope of 3GPP. This correction data is a function of the reference station locations, and how the RTK server acquires this correction data is also outside the scope of 3GPP. 
Under UE-assisted RTK, measurement records as sent via LPP from the UE to the E-SMLC. There is a general consensus that the carrier phase measurements required for RTK have already been defined as accumulated delta-range (ADR) and is supported in LPP Rel-9 [3]. Hence “measurement records” is shown in black and not red. 
Under UE-based RTK, the corrections are transmitted from the E-SMLC to the UE. Options for this transmission are discussed in the following section, including SIB broadcast by eNBs and point-to-point transmission via LPP.  
For the remainder of this section, we discuss the VRS technique and consider the possibility of implementing it using SIB broadcast. The concept of VRS is that raw observables from multiple physical reference stations can be combined to produce a correction stream corresponding to a virtual reference station in the vicinity of the rover. Typically, the VRS is assumed to be “co-located” with the rover device to optimize performance. In this case, the correction-computing entity needs to know the rover location in real-time, and the rover needs to receive the correction stream in real-time. This two-way communication would require a point-to-point link. 
However, one can relax the condition that the VRS is co-located with the rover. We recall that the corrections are correlated across multiple kilometres so that good convergence and accuracy can be achieved with an RTK network with an intersite distance (ISD) of 18km between physical reference receivers [1]. It follows that a VRS could provide meaningful corrections even if it is (virtually) located many kilometres from the rover. If we assume the ISD between eNBs is about 2km, then the coverage of a single VRS would span multiple (up to dozens) of eNB. Hence a single VRS correction stream could be sent via LPPa to multiple eNBs in the VRS coverage region, and the corrections from these eNBs could be broadcast using SIB to the UE rovers. 
Proposal 2: VRS should be considered as a viable network RTK technique implemented using SIB broadcast.
[image: ]
Figure 1: Call flow for network RTK-GNSS. Items highlighted in red are new messages on top of those for A-GNSS
[bookmark: _GoBack]In principle, the messaging required to support VRS is identical to what is required for a single physical RS. Most importantly, this includes the OSR corrections and the location of the reference station. In the RTCM standard, multiple signal messages (MSM) message types have been introduced to provide a generic format for the code and carrier phase corrections applicable to all satellite constellations [2]. The MSM format replaces the legacy RTCM messages defined specifically for the GPS and GLONASS constellations. Similar to these legacy messages, the MSMs are split into compact and full messages. In total, there are 7 MSM types per constellation, and there are 6 satellite constellations supported. These 42 messages are defined as MSM message types (MT) 1071-1127 in the RTCM standard. 
To support VRS, station coordinate messages (MT 1006) are also required. In addition to the MSM and station coordinate messages, MAC requires additional messages (MT 1014, 1017, 1030, 1039, 1031), and FKP requires additional messages (MT 1034, 1035). Additional information could be sent for receiver and antenna descriptors (1033) and code bias information related to GLONASS (1230). We propose that all these RTCM message types should be supported in 3GPP to provide flexibility and multi-constellation capabilities. 
Proposal 3: Support at least the following RTCM message types:
- Observation message types using MSM definitions (1071 – 1127).
- Station Coordinates messages (1006).
- Receiver and Antenna Descriptors (1033).
- GLONASS code-bias information (1230).
- MAC Network RTK messages (1014, 1017, 1030, 1039, 1031).
- FKP Network RTK messages (1034, 1035).
3.3 	Broadcast vs point-to-point transmission of corrections data to UE 
Under UE-based network RTK, the corrections need to be communicated from the E-SMLC to the UE. This could be done via a broadcast so that all UEs served by a given eNB receive the same correction data, or it could be done via a point-to-point transmission for targeted UE reception. In general, if the number of RTK UEs is relatively small, then it would be more efficient from a radio resource perspective to use point-to-point transmission. Conversely if the number is larger, then it would be more efficient to broadcast. 
Hopeful RTK service providers might expect a robust RTK technology tracking hundreds of vehicles and drones per cell. Broadcast would be most efficient in this case. However, during the middle of the night, the number of devices may be small enough to justify point-to-point transmission. Also, when the RTK service is first being introduced, the number of devices would likely be small. To provide flexibility in allocating the radio resources for RTK messaging, we propose to support both SIB broadcast and point-to-point communication. 
Proposal 4: From a radio resources perspective, both SIB broadcast and point-to-point LPP communication of the corrections for UE-based RTK should be considered.
3.4	Transparent vs ASN.1 encoded transmission of RTCM messages
So far, we discussed which RTK technique, what representation of correction data and which RTCM messages should be supported if the scope of RTK GNSS should be narrowed in Rel-15. Signalling options for transmitting correction data to UE were also discussed. Next, we analyse the pros and cons of signalling RTCM messages transparent to 3GPP protocol entities and signalling of RTCM messages encoded in 3GPP protocol formats (e.g. ASN.1).
Table 1: Analysis of signalling options for transmission of RTCM messages from E-SMLC to UE
	
	RTCM messages transparent to 3GPP protocol entities
	RTCM messages ASN.1 encoded in 3GPP protocol entities

	Selection of a specific RTK technique or set of RTK techniques
	Not required.
If the support of RTK GNSS in 3GPP is only about providing signalling transport for RTCM messages then we need to only focus on transport signalling and not on the semantics of each RTCM message and how it is used for which RTK technique.
	Required.
Need to select a specific RTK technique or set of RTK techniques if we need to know which specific RTCM messages to encode using ASN.1 in Rel-15. This is needed so we know the exact scope of RTK GNSS support in Rel-15 to manage the amount of work to be done in Rel-15 and meet the work item time schedule. Hence, we need to know which specific RTCM messages to support in Rel-15.

	Specification effort
	Moderate.
Mostly the specification effort is for the addition of signalling transport of RTCM messages.
	High.
Depending on the number of RTK techniques and RTCM messages to support the ASN.1 specification effort could be high. If specification effort need to be managed we lose the flexibility to support all currently known RTK techniques.

	Managing large RTCM messages
	Requires segmented transmission of a transparent RTCM message payload and reassembly of the RTCM message segments at the RTCM layer in the UE. Only one new SIB type need to be introduced but UE need to do segmentation and reassembly function. This is no different than CMAS SIB12 in LTE.
Requires UE to support RTCM standard/protocol. It is not uncommon for UE to support multiple protocol layers and be compliant to multiple standards.
	Requires organization of RTCM message data fields in to several SIBs and broadcast of multiple SIBs. More number of SIBs need to be scheduled.
UE only need to understand the LTE positioning protocols since the RTCM messages are translated and encoded in 3GPP protocol defined format.

	Specification of test cases and performance requirement
	Not under 3GPP control.
Minimizes specification effort for 3GPP. However, due to dependency on multiple organizations, takes more time for full commercial deployment.
	Under 3GPP control.
More specification effort needed in 3GPP.
Quick commercial deployment due to less dependency on multiple organizations.

	Support for UE-assisted RTK GNSS
	E-SMLC does not know the specifics of the corrections to apply as RTCM messages are transparent to E-SMLC.
Since E-SMLC calculates the UE position based on UE reported measurements the E-SMLC may need to know how to apply the correction in the calculation of UE position.
	E-SMLC knows the specifics of the corrections to apply as it knows the information provided in the RTCM messages.
Since E-SMLC calculates the UE position based on UE reported measurements the E-SMLC may need to know how to apply the correction in the calculation of UE position.

	Support for RTK technique that is still under standardization in RTCM
	Possible without additional 3GPP specification efforts.
As soon as RTCM standardizes a new RTK method and defines the RTCM messages it is possible to support that for LTE in 3GPP specifications and in Rel-15 deployments without additional efforts in 3GPP. However, real support is realized only when RTCM completes their work.
	Possible but requires additional 3GPP specification efforts for extensions in a new 3GPP release.
As soon as RTCM standardizes a new RTK method and defines the RTCM messages it is possible to support that for LTE in 3GPP specifications using ASN.1 extensions but only in a new 3GPP release.



Proposal 5: RAN2 is kindly requested to discuss the pro and cons of transparent RTCM payload signalling vs ASN.1 encoded RTCM message signalling identified in this paper and any other newly identified pros and cons and decide on which option to adopt.
4	Conclusion
Proposal 1: Use the RTCM Standard 10403.3 OSR message types and data fields to support network RTK. 
Proposal 2: VRS should be considered as a viable network RTK technique implemented using SIB broadcast. 
Proposal 3: Support at least the following RTCM message types:
- Observation message types using MSM definitions (1071 – 1127).
- Station Coordinates messages (1006).
- Receiver and Antenna Descriptors (1033).
- GLONASS code-bias information (1230).
- MAC Network RTK messages (1014, 1017, 1030, 1039, 1031).
- FKP Network RTK messages (1034, 1035).
Proposal 4: Both SIB broadcast and point-to-point LPP communication of the corrections for UE-based RTK should be supported. 
Proposal 5: RAN2 is kindly requested to discuss the pro and cons of transparent RTCM payload signalling vs ASN.1 encoded RTCM message signalling identified in this paper and any other newly identified pros and cons and decide on which option to adopt.
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