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Introduction
This paper is resubmission to capture the use cases in the TR.
SA2 as part of their study on enhancement to the 5GC location services are looking into identifying the ways in which RAN node (gNB) could become location consumer.
The expectation from SA2 side is that location service exposure is supported by 5G system. Location service exposure is to allow the authorized external party to obtain the UE location to enable their application and services, and location service exposure needs to comply with privacy and security regulation. 
In this paper, we aim to identify some use case where RAN nodes can benefit from the location service exposure.

[bookmark: _Ref178064866]Discussion
In basic terms, RAN node provide functionality so that UE can perform idle and connected mode functionality properly. It helps in RRM, handover, maintaining QoS etc. The RAN functionality has been augmented by SON capabilities, addition of new techniques such as Massive MIMO, Beam forming etc.
All these functionalities are to better serve the UE, to efficiently utilize the radio resource and maximize the spectral bandwidth.
There is scope that some of these functionalities could be further improved if RAN knows where the UE is located. 

Beam Forming
The papers [1] and [2] shows that if user location is known then the beam can be steered to that direction. The study performed in [2] proposes that when the anchor eNB detects a UE approaching to a mmWave booster cell, it would inform the booster eNB about the approaching of the UE and its location so that the booster eNB can steer its antenna array towards the UE’s arriving direction. Further, [3] shows that based upon the information that whether UEs are located indoor or outdoor can help to determine the number of beams needed for the coverage. As per the analysis provided by [3] to reach an average beamforming gain of 14 dB it is sufficient with the combination of three beams in outdoor LoS, while eight beams are required in the indoor scenario. Thus, having this sort of location-oriented information in the RAN node can help leverage the beam projection.
The Location server based upon the location source information can also learn the environment. For instance, if UE informs the location source is GNSS, it is most likely an outdoor UE. Similarly, when UE reports the location source as BL or WiFi it is most likely an indoor UE. The location source information can be processed by the location server and feed to the RAN node such that the number of beams needed to reach certain coverage level can be gauged. The environment knowledge can also be known if light sensor is used.
[bookmark: _Toc527977144][bookmark: _Toc527978976][bookmark: _Toc528497807][bookmark: _Toc528854908][bookmark: _Toc982627]Using location source information the environment (indoor/outdoor) classification can be performed. 
[bookmark: _Toc527977145][bookmark: _Toc527978977][bookmark: _Toc528497808][bookmark: _Toc528854909][bookmark: _Toc982628]The User location and location statistics such as whether the UEs are located indoor/outdoor can help beamformer in projecting the beam more customized to the propagation model or basically the environment.

Complement SON and MDT use cases
Many MDT use case rely upon knowing the user location. RAN being location consumer can thus complement the below MDT use cases. 
· Traffic Location: MDT functionality to obtain information of where data traffic is transferred within a cell.
· User QoS Experience: MDT functionality to assess the QoS experience for a specific UE together with location information.
Furthermore, there are also SON use cases that indicate network configuration issues such as regional poor coverage, for example
· Handover failure, typically that Mobility Robustness Optimization (MRO) aims at compensating for, but it can also be an indication of poor coverage where location information is vital
· Radio link failure, where the location after re-establishment gives an indication of where the poor coverage is
· RACH report and connection failure establishment reports also indicates areas where poor coverage can be experienced
Given location information, different coverage optimization approaches can be considered such as antenna tilting or deployment enhancements.
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Conclusion
In section 2 we made the following observations:
Observation 1	Using location source information or Light Sensors the environment (indoor/outdoor) classification can be performed.
Observation 2	The User location and location statistics such as whether the UEs are located indoor/outdoor can help beamformer in projecting the beam more customized to the propagation model or basically the environment.
Observation 3	RAN being location consumer can complement the MDT use cases.

Based on the discussion in section 2 we propose the following:
Proposal 1	Capture the above use cases to the TR
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   9.2.1	Use case
	9.2.1.1	Beam Forming
The papers [1] and [2] shows that if user location is known then the beam can be steered to that direction. The study performed in [2] proposes that when the anchor eNB detects a UE approaching to a mmWave booster cell, it would inform the booster eNB about the approaching of the UE and its location so that the booster eNB can steer its antenna array towards the UE’s arriving direction. Further, [2] shows that based upon the information that whether UEs are located indoor or outdoor can help to determine the number of beams needed for the coverage. As per the analysis provided by [2] to reach an average beamforming gain of 14 dB it is sufficient with the combination of three beams in outdoor LoS, while eight beams are required in the indoor scenario. Thus, having this sort of location-oriented information in the RAN node can help leverage the beam projection.
The Location server based upon the location source information can also learn the environment. For instance, if UE informs the location source is GNSS, it is most likely an outdoor UE. Similarly, when UE reports the location source as BL or WiFi it is most likely an indoor UE. The location source information can be processed by the location server and feed to the RAN node such that the number of beams needed to reach certain coverage level can be gauged. The environment knowledge can also be known if light sensor is used.
1. [bookmark: _Toc982632]Using location source information the environment (indoor/outdoor) classification can be performed. 
[bookmark: _Toc982633]The User location and location statistics such as whether the UEs are located indoor/outdoor can help beamformer in projecting the beam more customized to the propagation model or basically the environment.

9.2.1.4  Complement SON and MDT use cases
Many MDT use case rely upon knowing the user location. RAN being location consumer can thus complement the below MDT use cases. 
· Traffic Location: MDT functionality to obtain information of where data traffic is transferred within a cell.
· User QoS Experience: MDT functionality to assess the QoS experience for a specific UE together with location information.
Furthermore, there are also SON use cases that indicate network configuration issues such as regional poor coverage, for example
· Handover failure, typically that Mobility Robustness Optimization (MRO) aims at compensating for, but it can also be an indication of poor coverage where location information is vital
· Radio link failure, where the location after re-establishment gives an indication of where the poor coverage is
· RACH report and connection failure establishment reports also indicates areas where poor coverage can be experienced
Given location information, different coverage optimization approaches can be considered such as antenna tilting or deployment enhancements.
[bookmark: _Toc982635]RAN being location consumer can complement the MDT use cases.
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