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Introduction
The objectives of the newly agreed work item [1] is to specify solutions for positioning enhancements in LTE in respect of positioning accuracy, availability, reliability and scalability, for both Normal UEs and BL UEs. 

· 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]
· 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. 

At RAN2 #99, the following was agreed regarding the scope of GNSS RTK assistance data [2]:
1: Use the RTCM Standard 10403.3 OSR message types and data fields to support network RTK. 
2: VRS should be considered as a viable network RTK technique implemented using SIB broadcast. 
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).
These agreements comprise a baseline and additional support can be discussed.

Furthermore, it was agreed that the assistance data encoding discussion was to be continued via email:
[99#47][LTE/Positioning] RTK assistance data encoding (Huawei)
To finalise the pros/cons of the two options and try to reach a consensus for one, considering the longer term concerns as well as Rel-15.  Start from the table in R2-1708518. Deadline: for next meeting.

In the following contribution, we discuss the aspects of GNSS augmentation via cellular networks for accurate positioning, as well as some signalling aspects (LPP/LPPa). 
[bookmark: _Ref178064866]Discussion
First, we address some possible GNSS augmentation extensions, followed by some signalling aspects.
GNSS Augmentation
Some GNSS augmentation is already supported in LTE via LPP [2,3], including assisted and differential GNSS [4] and satellite based augmentation systems (SBAS). This information is encoded in ASN.1 in LPP for unicast interaction with the target device. Similar information is also represented in RTCM 2.3 [4]. Capable UEs can also be requested to report accumulated carrier phase measurements for accurate UE-assisted positioning.
  
Observation 1	The A-GNSS and DGNSS information is already represented in both ASN.1 in LPP and in RTCM 2.3.

For accurate UE-based positioning, there is also a need to address recent development in GNSS augmentation including RTK [5]. It is based on corrections from an associated continuously operating reference station (CORS), where the reference station can be an actual (typical the nearest) reference station. The accuracy depends on the relevance of and distance to the reference station. An alternative is instead to use a network of CORSs to interpolate corrections to virtual reference stations (VRS) to match a crude position of the device, or over a grid over the supported area, where the distance between grid points is about 5km. This means that based on a rough estimate of the device position it is possible to associate the device to an appropriate closest VRS. The scalability challenge with such an approach is that each device will poll the RTK server including its rough position estimate. 

An alternative is 
1. E-SMLC polls the RTK server to obtain corrections associated to a set of VRSs, 
2. map each network element such as base station, transmission point, antenna system etc to a VRS, 
3. associate devices to network elements and thereby lookup corrections from an associated VRS
Accurate positioning can also be supported by Precise Point Positioning (PPP), where detailed satellite orbit trajectories and clock offsets is considered as GNSS augmentation data. When range estimates between device and satellites becomes more accurate, information such as PPP becomes more relevant. Furthermore, work is ongoing in RTCM and in the community on a more compact representation of PPP and RTK data, denoted state space representation (SSR) [6].

[bookmark: _GoBack]Observation 2	The agreed RTK GNSS OSR augmentation information is already represented RTCM SC 104 3.3, while SSR is not yet mature in RTCM.

From the email discussion, it is clear that there is a strong preference for ASN.1 encoding, not the least to ensure both backward compatibility and an encoding that is future proof. With ASN.1 encoding, it is possible for 3GPP to move on with SSR even though RTCM has not yet finalized the SSR discussion.

[bookmark: _Toc494111192]RAN2 shall support also SSR in the Rel. 15 GNSS RTK assistance data signalling design. 
The GNSS augmentation can be divided into different parts based on
1. Satellite system, such as GPS, GLONASS, SBAS, QZSS, Galileo, BDS etc
2. Correction types, such as DGNSS, RTK, PPP
3. Accuracy level and time resolution
From an operator and service perspective, it can be relevant to provide differentiated access to different parts of the GNSS augmentation data.
[bookmark: _Toc490213007][bookmark: _Toc490214532][bookmark: _Toc494110836][bookmark: _Toc494111193]RAN2 shall investigate service differentiation by enabling access to different parts of the GNSS augmentation. 
Signalling Aspects
The RTK GNSS augmentation assistance data is considered both for broadcast and unicast. The broadcast is discussed in detail in [7], and the unicast is further discussed below.
Current LPP supports handling of capabilities, assistance data and location information to support GNSS positioning [2]. The capabilities of the target device can be provided upon request from E-SMLC or unsolicited as illustrated by Fig. 1, where the LPP Request Capabilities is optional. The capabilities can be extended to also include more GNSS augmentation capabilities such as support for RTK. 
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Figure 1. LPP Capability Transfer procedure
[bookmark: _Toc481738036][bookmark: _Toc488749455][bookmark: _Toc488749628][bookmark: _Toc490213008][bookmark: _Toc490214533][bookmark: _Toc494110837][bookmark: _Toc494111194]RAN2 shall investigate if additional capability definitions are needed for GNSS augmentation extensions. 

The target device can request for GNSS assistance data to be provided from E-SMLC, or the E-SMLC can provide the assistance data unsolicited. Fig. 2 depicts the assistance data transfer procedure, where the LPP Request Assistance Data is optional. There is already support for some GNSS differential corrections to support UE-based and UE-assisted positioning. For GNSS RTK it is relevant to introduce the support of periodic provisioning of assistance data via LPP.


Figure 2. LPP Assistance Data Transfer procedure
[bookmark: _Toc481738037][bookmark: _Toc488749456][bookmark: _Toc488749629][bookmark: _Toc490213009][bookmark: _Toc490214534]
[bookmark: _Toc494111195]RAN2 shall introduce support for periodic provisioning of LPP assistance data.
Conclusion
In this contribution, we have addressed some possible GNSS augmentation extensions, together with some signalling aspects. Moreover, we have the following observations and proposals:
Observation 1	The A-GNSS and DGNSS information is already represented in both ASN.1 in LPP and in RTCM 2.3.


Observation 2	The agreed RTK GNSS OSR augmentation information is already represented RTCM SC 104 3.3, while SSR is not yet mature in RTCM.

Proposal 1	RAN2 shall consider also SSR in the Rel. 15 GNSS RTK assistance data signaling design.
Proposal 2	RAN2 shall investigate service differentiation by enabling access to different parts of the GNSS augmentation.
Proposal 3	RAN2 shall investigate if additional capability definitions are needed for GNSS augmentation extensions.
Proposal 4	RAN2 shall introduce support for periodic provisioning of LPP assistance data.
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