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1	Introduction
During RAN#75 multiple contributions proposed to enhance positioning in cellular networks [1], [2], [3]. 
To fulfil the upcoming additional requirements from diverse industry sectors, enhanced high-accuracy positioning will become a new business area for operators as well as infrastructure and device manufactures. Examples of industries for which precise positioning will play an important role are given by farming, construction and automotive. 
As a result of the discussion at RAN#75 a WI on precise positioning for LTE has been approved [4].
This contribution aims to define some baseline requirements and proposes an initial solution design as to how the required correction information should be distributed in an LTE system. In general, the principle of distribution of GNSS correction information is not new in 3GPP as this has been supported already in R’99 UMTS where a set of System Information Blocks have been defined to broadcast the related information on the BCCH (i.e. SIB 15.x) [5]. 

2	Discussion
2.1	Characteristics of correction information
For GNSS assistance information a widely used data format is defined by the Radio Technical Commission for Maritime Services [6]. Their standards define the RTCM protocols which are broadly used in the GNSS industry and have been enhanced over the last 25 years to support additional services, incl. more types of GNSS and increased accuracy. The latest standard version for transmission of GNSS corrections is RTCM SC-104 Version 3.3 [7].
With regard to RTK (Real Time Kinematics) capable receiver, the RTK correction data is today provided typically on a peer-2-peer basis using a RTCM stream between the reference station (base station) and the receiver (“rover”). 
With the growing usage of RTK capable GNSS receivers the data distribution mechanism needs to be enhanced.

2.2		Data rate requirements of RTCM
As the RTCM stream can support multiple optional information fields, the required datarate can vary based on the supported protocol configuration. The minimum information set requires around 1 kbps, while a typical RTCM 3 stream with support of correction data for multiple GNSS variants requires around 10 kbps. A typical update rate would be 1 Hz.
Proposal 1: The design of the RTCM transport container using the broadcast channel shall support an information datarate for RTCM streams of at least 10 kbps and an update rate of 1 Hz. 



2.3		Support of multiple GNSS systems
To support the different GNSS variants (GPS, Galileo, GLONASS, BeiDou, QZSS, etc.) the generic RTCM stream does already contain the appropriate information and is thus transparent to the LTE radio access network. 
Proposal 2: In the LTE access stratum there is no need to consider the support of multiple GNSS variants by using for example multiple containers.

2.4		Support and re-usage of LTE location services positioning architecture 
The WI clearly requests to re-use the location services positioning architecture of LTE/EPC, as described in [9], for the support of RTK. LPP and LPPa protocol shall be enhanced to distribute the RTK correction information.
Proposal 3: LPP / LPPa protocols shall be enhanced to support the distribution of RTK correction to the eNB and subsequently to the terminals.

2.5		Support of dedicated SIB for RTK correction data
Analogously to the positioning support in UMTS it is propose to define a dedicated new System Information Block (SIB) for carrying the RTK correction information. This SIB shall be optional for the network to be sent. It shall be ensured that the new SIB is capable of carrying the required information for RTK corrections over the entire cell area.
Proposal 4: For RTCM stream containing high accuracy correction like RTK correction a new SIB is defined.

2.6		Support of multiple correction sets linked to geographical areas
If RTK correction information is broadcasted to multiple users (“rovers”) in a given area it is not possible to calculate the correction data for a particular rover in contrast to peer-2-peer communication between a particular UE/GNSS receiver/rover and the RTK server. The “compromise” is the provision of correction information for a typical location for multiple receivers. The reference location could be the eNB, but also any other physical location. 
One of the characteristics of RTK correction is that accuracy decreases as a function of increasing distance (“baseline”) from the reference point. Typically the RTK accuracy is calculated depending on the baseline with 1 [cm] + 1ppm∙distance [cm] (valid up to 10 – 20 km). Using the eNB as the reference point and broadcasting the correction information for this position is not practical in cellular networks. In real deployments eNBs are typically not located at the centre of the cell – especially when sectorized cells are used. So there is a need to allow usage of any reference point for calculating the RTK correction information – which is in general transparent to the RAN and should not be further discussed here. 
As observed above, positioning accuracy varies as a function of distance between the UE (with GNSS receiver) and the reference point. To address different accuracy levels even within a cell it shall be possible to distribute multiple RTK streams within the cell area. This can be achieved by using multiple transparent containers (e.g. carrying RTCM) in the SIB providing different correction information for multiple reference positions. Such an approach is extremely helpful for providing smaller zones within the overlaying cell area where ultra high-precision positioning can be achieved. The RTK reference point lies within the area related ultra-high precision zone so that positioning accuracy errors can be reduced to cm level. Typical use cases are ultra-precise farming or land surveying (e.g. for mining or construction), and also increased precision for automotive (e.g. precise lane driving along motorways).
For the signalling design up to 8 sets shall be considered initially.
Proposal 5: It shall be possible to broadcast multiple instances of the new SI Block (or optionally multiple instances of the container carrying correction information inside a single SIB) within a cell. [8] instances shall be supported by the signalling.
In order to link the multiple sets of RTK correction information to a given geographical area it is proposed to allow definition of linking information between the current location of the receiver and the different RTK correction sets.
There are multiple ways to achieve such a linking:
· Definition of a particular polygon for which the RTK correction set is valid (receiver anyway equipped with GNSS capabilities evaluates if inside the validity area (polygon)
· Definition of a defined Timing Advance region (TAx .. TAy) to assess the validity area
· Usage of V2X zoning information to link current location of a car to RTK correction set
· ...
Proposal 6: Linking information of current position of receiver to appropriate set of RTK correction information shall be defined. Geo-Polygon or V2X zoning information seem to be best candidate for such solution.

2.7		Need for RTK correction information encryption
In order to ensure that only subscribed receivers make use of the RTK correction information distributed in a broadcast fashion, encryption of data shall be supported for the RTK steam. One possible solution would be based on a session key for data decryption. As this is not in the expertise of RAN2, SA3 shall be contacted by sending a LS and ask them for development of an appropriate solution.
Proposal 7: SA3 shall be consulted via LS on the provision of an encryption solution for the RTK correction information stream to ensure only authorised usage of information.


3	Conclusion
It is proposed to discuss the points above and agree on the proposals:

Proposal 1: The design of the RTCM transport container using the broadcast channel shall support an information datarate for RTCM streams of at least 10 kbps and an update rate of 1 Hz. 
Proposal 2: In the LTE access stratum there is no need to consider the support of multiple GNSS variants by using for example multiple containers.
Proposal 3: LPP / LPPa protocols shall be enhanced to support the distribution of RTK correction to the eNB and subsequently to the terminals.
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Proposal 5: It shall be possible to broadcast multiple instances of the new SI Block (or optionally multiple instances of the container carrying correction information inside a single SIB) within a cell. [8] instances shall be supported by the signalling.
Proposal 6: Linking information of current position of receiver to appropriate set of RTK correction information shall be defined. Geo-Polygon or V2X zoning information seem to be best candidate for such solution.
Proposal 7: SA3 shall be consulted via LS on the provision of an encryption solution for the RTK correction information stream to ensure only authorised usage of information.
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