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1	Introduction
Based on the SID [1], we have the following objectives with respect to RAT independent and hybrid positioning:
“This SI covers RAT dependent, RAT independent, and hybrid of those positioning technologies (hybrid of RAT-dependent positioning techniques as well as hybrid of RAT-dependent and RAT-independent positioning technologies). This study item will study both NR-based RAT-dependent as well as RAT-independent and hybrid positioning methods to address regulatory as well as commercial use cases.”
While the study of RAT independent and hybrid solutions is not considered as the first priority of the studies in this SI, in this contribution we plan to highlight some enhancements which seems necessary in terms of NR RAT-independent and hybrid positioning support.   
[bookmark: _Ref178064866]2	Discussion
2.1 Hybrid NR-GNSS
Enabling a scalable UE positioning service is extremely important for a network designed for communication, e.g. 5G. More importantly, maintaining the measurement signaling and the latency as low as possible is a key to minimize the impact on the data communication services. In this regard, positioning system supporting a hybrid NR-GNSS solution can be a solution to this problem as these two technologies are independent, yet capable of cooperating for positioning. 
Exemplary use-cases for a NR-GNSS solution are: 
· High mobility: in the presence of mobility, e.g., highways, or high mobility, high-speed train, a typical NR solution relying on beam-based communications and UTDOA or TDOA requires a careful and dense gNB deployment to ensure coverage, a fast-beam management to guarantee a reliable communication link and an efficient ranging algorithm to mitigate the Doppler errors affecting on the time measurements. On the other hand, a GNSS solution can better support mobility as well as guarantee wide coverage. Therefore, a hybrid positioning solution will benefit of the GNSS technology for handling mobility and coverage and, on the other hand, it can exploit the NR connectivity to improve the accuracy or reduce the requirements on the number of satellite measurements. 
· IoT in urban area: location-awareness for IoT applications is often obtained with a GNSS-based positioning. However, in urban areas or semi-indoor use scenarios, for example with IoT devices integrated in the street lights, a reliable satellite coverage can be challenging and, positioning information can be poor or not available at all and moreover could be battery consuming. In this case, the usage of NR positioning can be a complementary solution to GNSS. In fact, NR connectivity and positioning measurements can be jointly used with GNSS measurements to extend the GNSS coverage and improve accuracy.
· Indoor-outdoor navigation: Navigation is one of the key applications for GNSS based positioning, however, it is often limited to outdoors due to the scarce satellite coverage in indoors. NR radio access is suitable for both indoor and outdoor environment. However, it is likely that only a few NR access points will be available for serving a UE. Therefore, if a seamless indoor-outdoor navigation service is considered, then neither GNSS nor NR positioning can be used as a stand-alone solution. In contrast, a hybrid method can be adopted to use, in the most extreme case, only one satellite and one NR link for accurate positioning.

Observation 1 [bookmark: _Toc528873426][bookmark: _Toc535267243][bookmark: _Toc707263][bookmark: _Toc775674][bookmark: _Toc901645]There are several use cases where hybrid (NR and GNSS) Positioning method could be beneficial.


In a downlink scenario, possible solution for hybrid RAT-GNSS positioning can be implemented either with 
1. gNB multi-beam measurements and GNSS (Figure 1) or
2. gNB sector beam and GNSS (Figure 2)

gNB multi-beam measurements and GNSS
In this case, it is assumed that one or more gNBs beamform DL reference signal over multiple directions to allow both angle of departure and time (or time difference) measurements. Simultaneously, the UE receives GNSS signal from at least one satellite. Thus, combining 5G and GNSS measurements, a positioning engine (either at the UE or in the network) will compute UE location. If multiple antennas are available at the UE for both 5G and GNSS signal reception, then angle of arrival can be utilized to improve the location accuracy. Table 1 exemplifies measurement combinations for this case.

	[image: ]
a) Hybrid NR-GNSS with single antenna at UE
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b) Hybrid NR-GNSS with multiple antenna at UE


Figure 1: Hybrid NR-GNSS solution with single gNB and multibeam transmissions



	
	
	GNSS

	
	
	Single antenna
	Antenna array

	5G UE
	Single antenna
	5G: AoD/ToA 
GNSS: ranging or pseudo-ranging
	5G: AoD/ToA
GNSS: ranging or pseudo-ranging

	
	Antenna array
	5G: AoA/AoD/ToA
GNSS: ranging or pseudo-ranging/ AoA
	5G: AoA/AoD/ToA
GNSS: ranging or pseudo-ranigng/AoA


Table 1: Exemplifying measurement combination with multiple beams at gNB

gNB single-beam measurements and GNSS
In this case, it is assumed the UE is capable of angle of arrival estimation, e.g., via beam sweeping. Also one or more gNBs beamform DL reference signal over a single beam to allow time (or time difference) measurements. And, GNSS signal is received from at least two satellites if receiver is based on single antenna, or one satellite if multiple antenna are available. Table 2 exemplifies measurement combinations for this case.
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Figure 2: Hybrid NR-GNSS solution with single gNB and single beam transmission
	
	
	GNSS

	
	
	Single antenna
	Antenna array

	5G UE
	Single antenna
	5G: ToA 
GNSS: ranging or pseudo-ranging
	5G: AoA/ToA
GNSS: ranging or pseudo-ranging

	
	Antenna array
	5G: AoA/ToA
GNSS: ranging or pseudo-ranging
	5G: AoA/ToA
GNSS: ranging or pseudo-ranging/ AoA


Table 2: Exemplifying measurement combination with sector beam at gNB

[bookmark: _Toc901652]Study opportunities for different kind of hybrid NR-GNSS (including HA-GNSS) positioning.   

2.2 Light Sensor
Based on SID [1], NR should enable, and improve if suitable, state-of-art positioning techniques, such as RAN-embedded (Cell-ID, E-Cell ID, OTDOA, UTDOA, etc.) and RAN-external (GNSS, Bluetooth, WLAN, Terrestrial Beacon Systems (TBS), sensors, etc.). In terms of RAN-external techniques which are the scope of this paper, the light sensor which provides a good indication of indoor/outdoor and semi-indoor UEs, is among the techniques which have been noted by 3GPP as a reasonable enhancement, but as it was not indicated in Rel.13 TR [4], it was not supported in LTE previously. We propose to explore this technique which can provide a complementary information for other RAT-dependent and independent positioning solutions. 
[bookmark: _Toc525940273][bookmark: _Toc901653]The light sensor indicating indoor/outdoor classification of the UE shall be supported in NR to provide complementary information for other RAT dependent/independent techniques. 

2.2 IMU Sensor
In Rel.15, the IMU sensors are supported only in combination with OTDOA, while we believe that IMU sensor information can also be useful in combination with GNSS and E-CID positioning methods and also some potentially new NR positioning methods studied in this SI. Therefore, the enhancement of IMU sensors to be considered as a component for more hybrid positioning solutions in NR including the combination of RAN-embedded and RAN-external. 
Observation 2 [bookmark: _Toc525940267][bookmark: _Toc901646]The Rel. 15 IMU sensor information is only supported in combination with OTDOA.
[bookmark: _Hlk525822065][bookmark: _Toc525940274][bookmark: _Toc901654]The benefits of IMU sensor information shall be studied in combination with different positioning solutions in NR.
 
[bookmark: _Ref189046994]3	Conclusions
 
In the previous sections we made the following observations: 
Observation 1	There are several use cases where hybrid (NR and GNSS) Positioning method could be beneficial.
Observation 2	The Rel. 15 IMU sensor information is only supported in combination with OTDOA.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Study opportunities for different kind of hybrid NR-GNSS (including HA-GNSS) positioning.
Proposal 2	The light sensor indicating indoor/outdoor classification of the UE shall be supported in NR to provide complementary information for other RAT dependent/independent techniques.
Proposal 3	The benefits of IMU sensor information shall be studied in combination with different positioning solutions in NR.
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