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GNSS-RTK positioning is supported in LTE Rel-15 as defined in TS 36.305 [1]. Real-Time Kinematik (RTK) is a technique that uses carrier-based ranging measurements which can enable centimetre-level accurate baseline determination (i.e., the distance and attitude between two receivers). If the absolute position of one receiver is known with a high accuracy, the absolute position of the other receiver can easily be determined.
Contrary to the typical satellite navigation based on code-phase measurements, where the position is available almost instantly (in particular for assisted GNSS) the carrier phase based techniques needs to accumulate data for a while before the baseline between the receivers can be solved at high accuracy. Therefore, (parts of the) the assistance data must be provided rather frequently/periodically to the target receiver; in conventional RTK solutions typically at a rate of 1Hz [2]. Therefore, broadcast of assistance data has been added to LTE Rel-15 [1,3].
The use of a single positioning method typically limits the accuracy, availability and reliability of Location Services. Therefore, location solutions in practice are typically "hybrid" in some way (e.g., even GNSS-RTK is in principle hybrid, since conventional (A-)GNSS functionality is required as well). Hybrid positioning does not need to be limited to "RAT-Independent" methods only. Every available/supported positioning method can be used in combination to improve the location service; e.g., [4] shows the benefits of GNSS+OTDOA in a tightly coupled hybrid solution. 
In this contribution, we discuss some requirements to support GNSS-RTK and hybrid positioning in NR Rel-16.

2. 	RTK Assistance Data
The GNSS RTK Assistance Data can be divided into "Observation State Representation (OSR)" and "State Space Representation (SSR)" [1]. OSR relies on observations (i.e., code and carrier phase measurements) from a RTK reference station which are provided (periodically) to the target device. The target device uses these observations to correct its own GNSS measurements. SSR on the other hand relies on GNSS "error states" which are estimated at a server using a network of GNSS reference stations. The state of the individual GNSS error sources are then provided separately to the target device. Essentially, OSR provides the "lump-sum" of all GNSS error sources, whereas SSR provides models for each error source individually. 
The GNSS state vector of SSR typically consists of the following basic parameters/error components:
-	satellite orbit errors,
-	satellite clock errors,
-	satellite signal biases (delays of codes (code-bias) and carrier phases (phase-bias) within satellite hardware and software),
-	ionospheric delay parameters,
-	tropospheric delay parameters,
and
-	quality indicators for state parameters.
The resulting SSR error data are valid throughout a desired geographic area (as calculated by the server). The target device uses the SSR data to compute the overall corrections that it should apply based on its initial position (initially obtained using standard GNSS/A-GNSS positioning).
The key advantages of SSR over OSR include:
-	The update rate of the OSR assistance data is determined by the error parameter with the highest variability, whereas for SSR different error states (assistance data) can be provided at different (individual) update rates, which reduces signalling.
-	OSR is a differential technique; i.e., the performance depends on the distance between target device and RTK reference station. SSR is not differential since the target device uses the SSR states (assistance data) to estimate the GNSS errors at its own location.
-	Since OSR is a differential technique, the target device needs to track the same set of satellites as the RTK reference station. The OSR RTK solution provides the baseline (i.e., distance and attitude) to the RTK reference station. For SSR, the target device and reference stations do not need to track the same satellites and the absolute target device position can be determined. 
-	For OSR there is usually a small interruption of the service if a handover between RTK reference stations is required (i.e., moving target device), since the receiver algorithms need to be re-initialized with the new observation data from the new RTK reference station. Since SSR provides error models/states valid for a large area and does not require a physical RTK reference station there are no discontinuities in service. This is particularly important for moving devices; e.g., automotive wide area applications.
-	The quality of the OSR assistance data is affected by local reference station multipath, signal diffraction and signal obstruction effects. For SSR assistance data, local reference station effects are greatly reduced or eliminated, since a network of GNSS reference stations is used to determine error states.
-	For providing OSR assistance data, the server needs to know the target device initial location to e.g., select the nearest RTK reference station or determine an appropriate non-physical reference station. For SSR, this is not required, since the target device determines the GNSS errors at its own location. SSR assistance data are equally valid for all UEs in a large area, and therefore, better suited for broadcast.  
-	SSR can also be used to provide different accuracy levels, dependent on the provided SSR error states. For example, precise-point-positioning (PPP) is a subset of RTK in which satellite parameters (clock, orbit and code bias corrections) are provided and the atmospheric error components are handled by the target device receiver. 

Observation 1:	SSR for RTK has significant advantages over OSR.

The OSR assistance data for RTK and Network-RTK currently defined in LPP [3] comprise:
-	RTK Reference Station Information;
-	RTK Auxiliary Station Data;
-	RTK Observation Information;
-	GLONASS RTK Bias Information;
-	RTK MAC Correction Differences;
-	RTK Residuals;
-	RTK FKP Gradients.
The SSR assistance data for RTK currently defined in LPP [3] comprise:
a.	SSR Orbit Corrections;
b.	SSR Clock Corrections;
c.	SSR Code Bias.
Therefore, given the GNSS error states listed above, assistance data for the following GNSS error sources are currently missing:
-	satellite carrier phase bias;
-	ionospheric delay parameters;
-	tropospheric delay parameters.

Observation 2:	3GPP has not completed standardisation of SSR assistance data – in particular atmospheric corrections (ionosphere and troposphere) and phase bias are missing.

The reason why these GNSS error states are currently not supported in LPP is because of the lack of appropriate RTK SSR standards. All RTK assistance data available in LPP are based on RTCM standards [2]. RTCM has not yet published an updated standard which supports the missing SSR assistance data elements. However, "compact SSR" messages have now been defined for the Quasi-Zenith Satellite System (QZSS) Centimetre Level Augmentation Service (CLAS) [5]. 
The QZSS specification [5] provides a full set of SSR messages including phase bias and atmospheric corrections. They are structured as RTCM [2] messages and can be extracted from existing and future (probably) RTCM SSR messages. The QZSS "compact SSR" messages include [5]:
1.	Compact SSR GNSS Orbit Correction,
2.	Compact SSR GNSS Clock Corrections,
3.	Compact SSR GNSS Satellite Code Bias,
4.	Comapct SSR Satellite Phase Bias,
5.	Compact SSR STEC Correction,
6	Compact SSR Gridded Correction.
Elements 1.-3. above are already supported in LPP (see a.-c. above), and the remaining three elements 4.-5. provide the missing assistance data for 
-	satellite carrier phase bias;
-	ionospheric delay parameters (Slant Total Electron Content (STEC));
-	tropospheric delay parameters (Gridded Corrections).

Observation 3:	The QZSS specification provides a full set of SSR messages including phase bias and atmospheric corrections.

The QZSS "compact SSR" messages are currently broadcast from the L6 channel of four QZSS satellites and provide PPP-RTK service for Japan. They currently include the correction data (SSR) for GPS, Galileo, and QZSS constellations. However, similar to the LPP SSR assistance data, the "compact SSR" messages are independent of the GNSS [5] and can be easily integrated into the LPP A-GNSS framework, and therefore, applicable to all supported GNSSs. The positioning accuracy with "compact SSR" is specified to be < 6 cm (95%) horizontal and < 12 cm (95%) vertical [6] with a convergence time of < 60 seconds; the "compact SSR" messages have been proven to support PPP-RTK service in practice.
Observation 4:	"Compact SSR" from QZSS is already used in trials and limited commercial applications. 

The "compact SSR" message size has been optimized for satellite broadcast where channel bandwidth is low (~2 kb/s). They have the advantage that they support PPP-RTK service with the smallest message size possible (each message (i.e., assistance data element) is about 200 octets in length). Therefore, the "compact SSR" assistance data messages may also be suited to support high accuracy positioning services on e.g., IoT devices. 
It is noted that addition of SSR assistance data to LPP will also support EPS (and enable E-UTRAN broadcast assistance via a small change to RRC).
Observation 5:	New SSR assistance data will be applicable to EPS as well as 5GS.


3. 	Broadcast of Assistance Data
The  RTK assistance data must be provided periodically to the target device. For OSR assistance data, the typical update rate is 1 Hz (e.g., [2]); for SSR the update rates vary between 5 and 60 seconds, depending on the SSR assistance data element (clock corrections are typically provided with the highest update rate of about 5 seconds; other SSR assistance data need to be updated less frequently (e.g., [5],[6])). Therefore, broadcast of assistance data has been introduced in LTE Rel-15 to support GNSS-RTK positioning. 
GNSS-RTK positioning is supported in NR Rel-15 as defined in TS 38.305 [7] (with the measurement defined in TS 38.215, section 5.1.11 [8]). However, broadcast of assistance data by an NG-RAN Node is currently not supported; the required assistance data for RTK need to be provided point-to-point using an LPP periodic assistance data delivery procedure (TS 38.305, section 8.1.3.2.1a/8.1.3.2.2a [7]). This limits the applications of RTK positioning since it does require UEs to remain in connected state (continuous UE-server connection ("assistance data streaming")) and does not scale in case of a large number of UEs. 

Observation 6:	3GPP has not completed standardisation of GNSS-RTK in NR, since broadcast of assistance data from NG-RAN nodes is missing.

Broadcast of assistance data should not be limited to GNSS-RTK only. Similar as in LTE (where broadcast of assistance data is also supported for OTDOA) all assisted positioning methods would benefit from broadcast. 
The benefits of broadcasting location assistance data include reduced network signaling and reduced load on network elements (e.g. LMF, AMF, gNB) for a high density of recipient UEs in each cell, reduced latency in obtaining assistance data at a UE, and reduced UE signaling and power usage. Broadcast of assistance data together with UE‑based mode would also enable UEs to determine and track their locations while in idle state which allows UEs to perform regular location determinations to verify some trigger criteria (e.g., geo-fencing, etc.). Similar to LTE, the assistance data can also be ciphered which can provide a revenue stream for operators. 
As described in [9] broadcast of assistance data by NG-RAN can be supported in the same way as specified for LTE. The amount of required specification work is relative moderate, since the LTE framework can be reused.

Observation 7:	Broadcast of location assistance data by NG-RAN can support assistance data elements for both, "RAT independent" and "RAT dependent" position methods for NR.
Observation 8:	Broadcast of location assistance data can reduce network signaling and load on network elements (e.g. LMF, AMF, gNB), reduce latency in obtaining assistance data at a UE, and reduce UE signaling and power usage. Ciphering of assistance data can also provide a revenue stream for operators.


4. 	UE-Based and Hybrid Positioning
It is well known that the use of a single positioning method limits the accuracy, availability and reliability of Location Services. Therefore, location solution in practice are typically "hybrid" in some way. The principle of using multiple positioning techniques independently or in combination to derive the user position is called "hybrid" positioning. Hybrid positioning can range from simple solutions – for example using CID/E-CID positioning together with e.g., GNSS positioning to provide appropriate assistance data to the device or using CID/E-CID positioning to verify a location estimate – to more complex solutions, which combines measurements from multiple systems to derive a location estimate [4]. 
Hybrid positioning has been discussed in greater detail in [10]. The relevant observations were as follows:
Observation 9:	Hybrid positioning is most effective in "measurement domain", where measurements of the individual systems are combined to determine a position solution.
Observation 10:	Hybrid positioning in measurement domain is most effective for tightly coupled systems integration.
Observation 11:	UE-assisted hybridization limits the possible system integration coupling. It allows either a "loosly coupled" integration only, or some specific cases of a more "tightly coupled" integration where the specific case is limited by the supported signalling (location measurement reporting). 
Observation 12:	UE-based positioning can make more efficient use of hybrid positioning solutions.
Observation 13:	UE-based positioning is currently supported only for "RAT-independent" positioning methods.
Observation 14:	Secure assistance data delivery mechanisms for UE-based location methods could be supported in NR in a similar manner as currently supported for LTE.
Observation 15:	Broadcast of location assistance data can efficiently support UE-based hybrid positioning  solutions.

5. 	Summary
In this contribution, we discussed some requirements to support GNSS-RTK and hybrid positioning in NR Rel-16
which led to the following observations:

Observation 1:	SSR for RTK has significant advantages over OSR.
Observation 2:	3GPP has not completed standardisation of SSR assistance data – in particular atmospheric corrections (ionosphere and troposphere) and phase bias are missing.
Observation 3:	The QZSS specification provides a full set of SSR messages including phase bias and atmospheric corrections.
Observation 4:	"Compact SSR" from QZSS is already used in trials and limited commercial applications. 
Observation 5:	New SSR assistance data will be applicable to EPS as well as 5GS.
Observation 6:	3GPP has not completed standardisation of GNSS-RTK in NR, since broadcast of assistance data from NG-RAN nodes is missing.
Observation 7:	Broadcast of location assistance data by NG-RAN can support assistance data elements for both, "RAT independent" and "RAT dependent" position methods for NR.
Observation 8:	Broadcast of location assistance data can reduce network signaling and load on network elements (e.g. LMF, AMF, gNB), reduce latency in obtaining assistance data at a UE, and reduce UE signaling and power usage. Ciphering of assistance data can also provide a revenue stream for operators.
Observation 9:	Hybrid positioning is most effective in "measurement domain", where measurements of the individual systems are combined to determine a position solution.
Observation 10:	Hybrid positioning in measurement domain is most effective for tightly coupled systems integration.
Observation 11:	UE-assisted hybridization limits the possible system integration coupling. It allows either a "loosly coupled" integration only, or some specific cases of a more "tightly coupled" integration where the specific case is limited by the supported signalling (location measurement reporting). 
Observation 12:	UE-based positioning can make more efficient use of hybrid positioning solutions.
Observation 13:	UE-based positioning is currently supported only for "RAT-independent" positioning methods.
Observation 14:	Secure assistance data delivery mechanisms for UE-based location methods could be supported in NR in a similar manner as currently supported for LTE.
Observation 15:	Broadcast of location assistance data can efficiently support UE-based hybrid positioning  solutions.

Therefore, it is proposed:
Proposal 1:	Support satellite phase-bias and atmospheric corrections SSR assistance data in LPP as defined for "compact SSR" in QZSS CLAS [5].
Proposal 2:	Support broadcast of location assistance data by NG-RAN nodes (gNB and ng-eNB) for "RAT‑independent" and "RAT-dependent" positioning methods.
Proposal 3:	Support UE-based positioning for all positioning methods included in Rel-16. 

The above proposals would have no impacts to RAN1 specifications and can be handled in RAN2/3 during the work item phase; i.e., they are essentially based on existing and/or proven concepts.
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