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[bookmark: _Hlk531140046]The RAN-external ("RAT Independent") positioning methods supported in NR Rel-15 comprise [1,2]:
-	Network-assisted GNSS methods (including high-accuracy GNSS (e.g., RTK));
-	Barometric pressure sensor positioning;
-	Inertial Measurement Unit (IMU) positioning;
-	WLAN positioning;
-	Bluetooth positioning;
- 	TBS positioning.
In addition, the following LTE positioning methods are supported in NR Rel-15 [1,2]:
-	E-UTRA OTDOA; using LTE downlink signals from eNBs, ng-eNBs, and PRS-only TPs;
-	E-UTRA CID and E-CID; using LTE uplink signals and downlink signals; as well as GERAN, UTRA, and WLAN signal measurements.
and the following NR positioning method is supported in NR Rel-15 [1]: 
-	NR CID, using NR cell ID and NR cell portion ID.
Additional NR native positioning methods ("RAT dependent") will be supported in Rel-16 [3,4].
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. 
In this contribution, we discuss some requirements to support hybrid positioning in NR Rel-16.

2. 	Hybrid Positioning
2.1	General
The principle of using multiple positioning techniques in combination to derive the user position is often called "hybrid" positioning. Hybrid positioning exploits the complementary nature of the different positioning systems. There are two fundamental ways to combine information from diverse sets of information:
(1)	Combination in "position domain", and 
(2)	combination in "measurement domain". 
The combination in position domain treats the raw measurement of each set separately and determines position estimates. These position estimates are then combined in some fashion to determine a final position fix.
The combination in measurement domain treats all measurements as a single set and determines a position using a combination of such measurements.
The combination in measurement domain is in particular useful to increase the coverage of the location service; i.e., in case a single measurement set alone does not allow position determination (e.g., not enough satellite or BS signals measured).
Some typical examples used in practice of combination in "measurement domain" include:
-	GNSS Hybridization: Measurements from different GNSSs (e.g., GPS and GLONASS) are combined.
-	GNSS-OTDOA Hybridization: Measurements from one or more GNSS and OTDOA are combined.
-	OTDOA-IMU Hybridization: Measurements from OTDOA and Inertial Measurement Units (IMUs) are combined.
-	GNSS-IMU Hybridization: Measurements from one or multiple GNSSs and IMUs are combined.
[bookmark: _Hlk531157663]Obviously, the more individual measurement sets are used in the hybrid positioning the more complex the position determination process. Complexity is influenced by the extent to which the hybridization requires some modification of the inner workings of the individual positioning methods. The terms "loosly coupled" and "tightly coupled" are often used in this context.
For example, for the combination of various GNSS measurements (e.g., GPS+GLONASS), the inter-system time offset should be known (or must be solved, which however, requires additional measurements). Or for combination of OTDOA and GNSS measurements, the cellular-GNSS time offsets should be known, which may be measured by the UE in addition (i.e., UE Fine Time Assistance measurements [2]) and the GNSS measurements may need to be aligned to the cellular time (e.g., [2] Figure 6.5.2.6-1). The latter would be an example of a more "tightly coupled" measurement process, since the UE must perform additional measurements/procedures which would not be required for e.g., OTDOA-only or GNSS-only positioning. 
Another typical example used in practice is the GNSS-IMU hybrid integration, typically used for navigation applications. For this case, there may be several possible levels between the "loosly coupled" and "tightly coupled" extremes.
The most loosly coupled implementation may use the standard outputs of the GNSS receiver and the INS (an IMU is usually part of an Inertial Navigation System (INS)) as inputs to a navigation filter (typically a Kalman filter); the outputs of which are the estimates of navigation variables (e.g., position and velocity). More tightly coupled implementations may for example use the GNSS position in the Kalman filter to calibrate the INS sensors or use the GNSS altitude to stabilize the INS vertical state. The INS output may also be used to initialize the GNSS signal acquisition and re-acquisition. INS data (e.g., acceleration) may be used to aid GNSS signal phase tracking, or GNSS measurements are used to calibrate the INS sensors, etc. All these operations require some changes to the individual measurement subsystems and require a tighter coupling between them. 
The use of individual measurement sets for highly accurate hybrid positioning typically also require an adjustment of the measurement reference points, which may also require a tighter coupled integration. For example, for a GNSS receiver the reference point is the GNSS antenna phase center (i.e., this is the location determined by the navigation processor); for an INS the reference point is the IMU sensor assembly in which the accelerations and attitude rates are measured and integrated. The spatial relationship between the reference points can influence the hybridization solution, in particular for high‑accuracy solutions. 
The above discussion leads to the following observations:
Observation 1:	Hybrid positioning is most effective in "measurement domain", where measurements of the individual systems are combined to determine a position solution.
Observation 2:	Hybrid positioning in measurement domain is most effective for tightly coupled systems integration.
2.2	Positioning Protocol Support
One of the key enabler for hybrid positioning is the entity that can intelligently determine which positioning measurements/technique to use in a given situation/scenario and which determines the final position/navigation solution. This entity is typically termed the "positioning engine" which implements a Position Calculation Function (PCF) – for example a Kalman filter which processes the output from the various sources. This entity may reside on the handset (UE–based) or in the network (UE–assisted). 
Hybrid positioning is supported in LPP [2] and therefore, in NR Rel-15 [1]. Given the RAN2 agreements [5], it is expected that LPP is continued to be used in Rel-16 for NR positioning.
LPP allows the reporting of measurements obtained from multiple sources in a single or multiple LPP Provide Location Information message(s), e.g., A-GNSS, OTDOA, ECID, Sensors, WLAN, Bluetooth, and TBS measurements. However, this requires a "positioning engine" in the network (location server), which limits the level of integration. 
Tightly coupled hybridization requires additional UE measurement functionality, for which two methods are supported in LPP [2]:
(1) Hybrid GNSS-OTDOA: This requires the UE reporting the GNSS-network time association and aligning the GNSS measurement time to cellular frame boundaries, as specified in [2].
(2) Hybrid IMU-OTDOA: This requires the UE reporting the time of each individual TOA measurement used for RSTD and association to corresponding sensor measurement report element, as specified in [2].
Therefore, 
Observation 3:	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). 
It is also obvious that the complexity of UE-assisted hybridization increases the more individual system measurements are hybridized. Reporting measurements for all supported positioning methods increases the size of the UL measurement report significantly, in particular if additional special cases of tighter coupling need to be supported. It also restricts the coupling to what can be supported by the specified signalling. Obviously, hybridization is more efficient for UE-based implementations, since modification of the inner workings of the individual positioning methods can be implemented without specific signalling support (which may limit the possible coupling). The UE may also be better able to select the positioning sub-systems to use in a particular scenario. E.g., if the UE location is stationary, hybridization with INS may be less useful, and the IMU may simply be used as a motion state detector.
Therefore,
Observation 4:	UE-based positioning can make more efficient use of hybrid positioning solutions.
UE-based hybridization is currently supported only for "RAT-Independent" solutions, but not for any "RAT-dependent" methods [1], [2].  This is simply because RAT-dependent methods are not yet defined for UE-based mode.
Observation 5:	UE-based positioning is currently supported only for "RAT-independent" positioning methods.
2.3	Device Based Hybrid (DBH)
Observation 4 above is well understood in the industry. The term "Device Based Hybrid" location is sometimes used for UE-based location solutions untilizing a combination of location measurement sources available to the handset. However, DBH solutions typically rely on proprietary and crowd-sourced assistance data, such as cell tower locations, etc. DBH may also be used in E911 location solutions [6]. 
DBH is in principle also supported in LPP, where the target device reports the location estimate, usually together with the location source (i.e., an indication of method(s) used in the solution) which may be required for some regulatory use cases (e.g., E911). 
Extending UE-based positioning to "RAT-dependent" methods would also support and improve "Device Based Hybrid" in a standardized manner, increasing the reliability/trust of the location solution. 
As summarized in Observation 5 above, "RAT-dependent" location methods currently rely on the network server to solve for the target device position (i.e., UE-assisted mode only is supported in Rel-15). This is typically due to the confidential treatment of the network information by the operators, such as gNB locations and network synchronization. However, this limits the implementation of hybrid positioning solutions, as discussed above. It further adversely impacts the latency of the position calculation, which is important for applications that require an immediate response at the mobile device. 

Secure mechanisms to support UE-based positioning are possible. For example, LTE Rel-15 supports broadcast of encrypted assistance data, which may be similarly supported in NR for UE-based location methods. 

Observation 6:	Secure assistance data delivery mechanisms for UE-based location methods could be supported in NR in a similar manner as currently supported for LTE.
2.4	Broadcast of Assistance Data
As summarized in section 1 above, the "RAT-Independent" positioning methods defined for LTE are also supported in NR Rel-15 [1], including High-Accuracy GNSS methods such as RTK. However, for efficient use of RTK, broadcast of assistance data is required [7] which is currently not supported in NG-RAN. The broadcast of assistance data should support the RAT‑Independent assistance data elements that are already supported in NR Rel-15 and any new assistance data elements for UE-assisted and UE-based RAT-dependent methods for NR. 
The benefits of broadcasting location assistance data can 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. The procedures for the broadcast of location assistance data for NR can be similar to the corresponding procedures for LTE as described in greater detail in [8].
Observation 7:	Broadcast of location assistance data by NG-RAN can support existing "RAT independent" assistance data elements and new assistance data elements for new "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:	Broadcast of location assistance data can efficiently support UE-based hybrid positioning solutions.

3. 	Summary
In this contribution, we discussed RAT Independent and Hybrid Positioning Solutions which led to the following observations:

Observation 1:	Hybrid positioning is most effective in "measurement domain", where measurements of the individual systems are combined to determine a position solution.
Observation 2:	Hybrid positioning in measurement domain is most effective for tightly coupled systems integration.
Observation 3:	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 4:	UE-based positioning can make more efficient use of hybrid positioning solutions.
Observation 5:	UE-based positioning is currently supported only for "RAT-independent" positioning methods.
Observation 6:	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 7:	Broadcast of location assistance data by NG-RAN can support existing "RAT independent" assistance data elements and new assistance data elements for new "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:	Broadcast of location assistance data can efficiently support UE-based hybrid positioning solutions.

Therefore, it is proposed:
Proposal 1:	Support UE-based positioning for all positioning methods included in Rel-16. 
Proposal 2:	Support broadcast of location assistance data by NG-RAN nodes (gNB and ng-eNB) for "RAT‑independent" and "RAT-dependent" positioning methods.
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