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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
Rel-15 NR WI specified Cell-ID and RAT-independent positioning methods by agreeing to NR device support of LPP [1]. It is still unknown whether the Rel 16 NR positioning also shall be based on LPP (with extensions) or if a protocol dedicated to NR positioning will be introduced. This is not a RAN1 scope problem and hence an LS shall be sent to RAN2 and SA2 on their view and agreement on the protocol architecture between LMF and the UE and to understand the protocol architecture for Rel.16 NR positioning. 
[bookmark: _Toc525940271][bookmark: _Toc528847837]RAN1 shall send an LS to RAN2 and SA2 about requesting their view on the protocol architecture between LMF and the SA Rel.16 NR UE.

The Rel 15 NR WI concluded the following agreement [2] for positioning with NR devices:
	Agreements
1	The full scope of LPP shall be supported by NR System Architecture and NR devices.
2	LPP messages are transported in NAS messages which in NR RRC (similar to LTE RRC).
3	Support for UTDOA method in NR may be revisited in further releases after further progress in SA2 work.




We therefore have the following observation concerning the Rel. 15 LPP additions for accurate positioning based on High Accuracy-GNSS (HA-GNSS: RTK, N-RTK and PPP) and IMU:
[bookmark: _Toc525940265][bookmark: _Toc528847834]The full Rel. 15 LPP scope is supported by NR devices.
While the unicast assistance information via LPP can be easily extended to Rel.16, the broadcasting and encryption of assistance information which was supported in Rel.15 needs further studies based on NR architecture and RRC setup.  
[bookmark: _Toc525940266][bookmark: _Toc528847835]The broadcasting and encryption of HA-GNSS assistance information, supported in Rel.15 needs further studies based on NR architecture and RRC setup.  

As HA-GNSS provides cm-level positioning outdoor, it is potentially one of the main positioning solutions for many outdoor commercial use-cases such as connected vehicles and autonomous driving. Therefore, the complete support for HA-GNSS as one RAT-independent positioning solution for NR seems reasonable. However, there is still a need to thoroughly study an adequate broadcast solution, since the NR architecture, mechanisms and protocols are not the same as in LTE.
[bookmark: _Toc528847838][bookmark: _Toc525940272]Study adequate positioning assistance data broadcast solutions as part of the Rel. 16 study item on NR positioning. 
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: _Toc528847839]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. 
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. 
[bookmark: _Toc525940267][bookmark: _Toc528847836]The Rel. 15 IMU sensor information is only supported in combination with OTDOA.
[bookmark: _Hlk525822065][bookmark: _Toc525940274][bookmark: _Toc528847840]The benefits of IMU sensor information shall be studied in combination with different positioning solutions in NR.
GNSS, in particular HA-GNSS, is providing accurate positioning in outdoor scenarios, while there are scenarios where the accuracy is impaired. Therefore, it can be relevant to investigate hybrid NR-GNSS solutions. This can become helpful in many commercial use-cases with high demanding positioning accuracy. Hybrid NR-GNSS solution, may depend on the channel and environmental conditions of the UE, either the NR position estimation fix or the GNSS fix or a combination of both can be considered to improve the positioning accuracy. Moreover, another extension can be to use and combine measurements of gNBs and satellites in conditions which an insufficient number of one measurement (gNBs or GNSS satellites) is available to derive a position estimation, or to improve the accuracy with more measurements. 
[bookmark: _Toc525940275][bookmark: _Toc528847841]Study opportunities for different kind of hybrid NR-GNSS (including HA-GNSS) positioning.   
[bookmark: _Ref189046994]3	Conclusions
 
In the previous sections we made the following observations: 
Observation 1	The full Rel. 15 LPP scope is supported by NR devices.
Observation 2	The broadcasting and encryption of HA-GNSS assistance information, supported in Rel.15 needs further studies based on NR architecture and RRC setup.
Observation 3	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	RAN1 shall send an LS to RAN2 and SA2 about requesting their view on the protocol architecture between LMF and the SA Rel.16 NR UE.
Proposal 2	Study adequate positioning assistance data broadcast solutions as part of the Rel. 16 study item on NR positioning.
Proposal 3	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 4	The benefits of IMU sensor information shall be studied in combination with different positioning solutions in NR.
Proposal 5	Study opportunities for different kind of hybrid NR-GNSS (including HA-GNSS) positioning.
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