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1   Introduction
In RAN#75[1], a new work item on “UE Positioning Accuracy Enhancements for LTE” was agreed [1]. The related objectives are shown as follows.
· 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. 
In RAN2 #98 and RAN2#99, there were some discussions on the positioning topic and a list of agreements were achieved:
RAN2#98 agreements [2]:

· Correct data is provided by ESMLC. We will not discuss how ESMLC get this data in 3GPP. 

· FFS: whether the eNB shall broadcast the corrections data as a transparent payload in the SIB and is not aware of the contents of correction data.
· To support both UE based and UE assisted for RTK GNSS. How to support them is FFS.
RAN2#99 agreements [3]:

· Use the RTCM Standard 10403.3 OSR message types and data fields to support network RTK. 

· VRS should be considered as a viable network RTK technique implemented using SIB broadcast. 

· 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.
In this contribution, we will introduce the RTK background, and discuss the potential RAN3 impacts of RTK positioning procedures.

2 Background
2.1 RTK technique 
Real Time Kinematic (RTK) positioning is used to enhance the precision of position data derived from satellite-based positioning systems such as GPS, GLONASS, Galileo, and BeiDou. It uses measurements of the phase of the signal's carrier wave to provide real-time corrections, providing up to centimetre-level accuracy. While the application of RTK is limited by distance-dependent biases, such as ionospheric, tropospheric signal refraction and satellite orbit errors. And this problem can be accurately modelled using the measurements of an array of reference stations. The Network RTK extends the use of RTK to a whole area of a reference station network, and it develops successfully for providing RTK positioning services.

There are three Network RTK techniques are supported in RTCM V3 [4]:

1. Non-physical reference station: In this approach (also referred to as "Virtual Reference Station") the mobile device (rover) receives synthetic observations from a fictious reference station. The Network RTK software at the central processing station (e.g., E-SMLC) is performing the error estimation and creates a virtual reference station close to the initial location of the target device. The mobile can then work in single base RTK mode as usual. Although, this approach could be transparent to the target device, the "Stationary Antenna Reference Point" message type 1006 includes the "Reference-Station Indicator", which indicates whether the reference station is physical or computed (see section 3.2 above). This approach is most suited if a two-way communication link (point-to-point between target and server) is available, since the observation data are customized for the initial target device location. 

2. Master Auxiliary Concept (MAC): The basic principle of the master-auxiliary concept is to provide (in compact form) as much of the information from the network and the errors it is observing to the target device as possible. With more information on the state and distribution of the dispersive (ionosphere) and non-dispersive (troposphere and orbit) errors across the network, the target device is able to employ more sophisticated algorithms in the determination of its position solution. In the MAC network RTK, a group of reference stations are used and one of them is chosen as a master station. The other stations are then called auxiliary stations. Since the correction calculation is done by the target device, it is possible to broadcast the corrections. 

3. Area Correction Parameters (FKP): With the concept of FKP (from the German word "Flächenkorrekturparameter" = Area Correction Parameters) horizontal gradients of distance-dependent errors like ionosphere, troposphere and orbits are derived from a network of GNSS reference stations and transmitted to a target device together with raw or correction data of a corresponding reference station. The target device may use the gradients to compute the influence of the distance dependent errors for its own position.

Observation 1: The above three Network RTK techniques are supported according to RAN2 agreements.
2.2 State Space Representation (SSR)
SSR is used to provide information on the status of individual GNSS error sources, with this, users can perform accurate positioning. The application examples include SBAS, PPP and PPP-RTK. 

RTCM SSR messages are used to disseminate the state space information, which is combined with individual tracked GNSS data of a user to improve its positioning accuracy. In comparison with observation space representation (OSR), it has the advantages: broadcasting corrections, minimizing bandwidth and scalable service. 

The state information can be also converted into observation space for a user position and can be used to correct the observables for more accurate positioning. So SSR can be converted to support network RTK. Considering these features, it is beneficial to support SSR for positioning. 
SSR messages are developed in three major steps:

1. The development of messages for precise orbits, satellite clocks and satellite code biases. This is compatible to the basic PPP mode using IGS products. Such messages will enable real-time PPP for dual frequency receivers.

2. The development of vertical Total Electron Content (TEC) (VTEC) messages. This will enable RT-PPP for single frequency receivers. 

3. The development of slant TEC (STEC) messages, tropospheric messages and satellite phase biases messages. This will enable RTK-PPP.
While the current SSR Message Types only cover the first stage of DF-RT-PPP, it will develop further in RTCM. 
Observation 2: SSR is still under development in RTCM, it can be introduced to 3GPP in future releases.
2   Discussion
As agreed in RAN#75, both unicast and broadcast assistance data transmission are supported for RTK positioning. Considering the application scenarios, if there are only few UE needs to perform RTK positioning, unicast transmission is more suitable; otherwise the broadcast method is more efficient. The unicast transmission is over LPP, so the E-SMLC can know the number of UEs needs to perform RTK positioning. Thus it is reasonable for the E-SMLC to decide whether to transmit the assistance data to the eNB over LPPa.

Conclusion 1: Whether to use broadcast or unicast RTK positioning is controlled by the E-SMLC.

Generally, the typical RTCM stream is assumed 10kbps, and transmitted at a rate of 1 message (RTCM stream) per second. Thus, the message size is about 1-2 Kbytes per second at most cases. If the E-SMLC straight forward the assistance data to the eNB, the eNB cannot broadcast it since the maximum size of a SIB is 277bytes in LTE [2]. So a possible way is to split a big packet into many small segments or instances. 

Conclusion 2: Support of multiple instances of RTCM messages over LPPa. 
In some situations, there may not be enough bits available for a complete SIB , such as limited bandwidth, coding rate. It is reasonable for the eNB  to provide proper TBS of SIB to E-SMLC so that the E-SMLC can segment  the data into multiple instances.

Conclusion 3: The eNB shall provide the proper TBS of SIB to the E-SMLC. 
The general procedure for broadcasting assistance data can be summarized in the following.
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Figure 1. Procedures for broadcasting assistance data
1. The assistance data are collected, processed and formated at the E-SMLC. E.g., the E-SMLC may receive assistance data from reference stations and other sources. 
2. The E-SMLC  may indicate the eNB the need of broadcasting assistance data and  data rate of assitance data, and also request the configuration of SIB.
3. Unpon the reception of the request, the eNB may provides the configuration parameters of SIB, such as the TBS of SIB,  periodicity and so on. The reason to send the TBS of SIB is that the The physical layer imposes a limit to the maximum size a SIB can take[5].
4. Then the E-SMLC may segment the assistance data according to the allowed TBS and potentially cipher the SIB content, and transmit the segment lists to the eNB.
5. The eNB broadcasts the received assistance data in the system information Messages. 
6. The UE acquire the assistance data information from SIB and calculate the position.
To support step 2-step4, three new LPPa messages should be introduced as shown in the Figure 1.
Proposal: Introduce LPPa messages: “RTK INFORMATION REQUEST”, “RTK INFORMATION RESPONSE” and “RTK INFORMATION DELIVERY” to support broadcasting of assistance data.

3   Conclusion
In the contribution, we analyses the potential topics with RAN3 impacts, and get the conclusions as follows:

Conclusion 1: Whether to use broadcast or unicast RTK positioning is controlled by the E-SMLC.

Conclusion 2: Support of multiple instances of RTCM messages in SIB and LPPa. 
Conclusion 3: The eNB shall provide the proper TBS of SIB to the E-SMLC. 
Based on these conclusions, we get the flowing proposal:

Proposal: Introduce LPPa messages: “RTK INFORMATION REQUEST”, “RTK INFORMATION RESPONSE” and “RTK INFORMATION DELIVERY” to support broadcasting of assistance data.

It is also proposed to endorse the CR [6] as baseline CR to support RTK LPPa signalling.
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