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1 Introduction

Part of the objective of the WI on further indoor positioning enhancements [1] consists of

For OTDOA enhancements and CID/E-CID enhancements:

a) Sort out the options for OTDOA/E-CID enhancements with the progress achieved in the Release 13 indoor positioning Work Item[2] as the starting point [RAN1]

b) Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]

For WLAN positioning(RSSI and FTM based), Bluetooth positioning, Barometric Sensor positioning, and Terrestrial Beacon Systems (TBS):

a) Enhance WLAN positioning, Bluetooth positioning, Barometric Sensor Positioning, and TBS positioning based on Metropolitan Beacon System (MBS signals) to introduce network assistance data. Define signalling/procedure changes. As a starting point, the IEs defined in LPPe will be leveraged. [RAN2, RAN3]

b) Add support for UE-based positioning mode for WLAN positioning, Bluetooth positioning, MBS, and Barometric Sensor Positioning. [RAN2, RAN3] 

c) Add support for TBS positioning based on PRS-based signals: Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]
d) Address coexistence, if needed, between MBS and 3GPP. [RAN4]
In this contribution, we resubmit our previous contributions [3,4] and further emphasize on the potentials of indoor/outdoor classification for improving the positioning performance.
2 Indoor/outdoor classification

Recent investigations have indicated that UE sensors can be used to detect whether the UE is indoor or not. For example in [2], the UE uses the light sensor/camera to measure the ambient light, which is used to classify whether the UE is indoors or outdoors. The sensor can for example measure the light intensity as is shown in Figure 1 [2], but it can also analyse the spectral properties of the ambient light to identify characteristics of light bulbs, LEDs, fluorescent light, halogen lights or other light sources typically found indoors.
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Figure 1: Outdoor and indoor light variation throughout the whole day [2].

The indoor/outdoor classification could be binary, or could be associated with a measurement, or a determined indoor probability. It could also be separated in finer categories, for example as in [2] with a semi-indoor class which is shown in Figure 2. However, a semi-indoor classification is more difficult to exploit.
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Figure 2: Illustration of outdoor, semi-outdoor and indoor definitions [2].

Proposal 1:
Introduce indoor/outdoor classification reporting as one enhancement for indoor positioning.
3 Benefits of indoor/outdoor classification

For E911 purposes, the estimated position is mapped to a dispatchable address. However, albeit reasonably good accuracy can be provided by baseline techniques such as OTDOA, the mapping to a civic address can be inaccurate. In particular, the UE may be indoors at the estimated address, or outdoors in the vicinity to the estimated address. One key improvement would therefore be to also have the capability to estimate whether the UE is indoors or outdoors. The public-safety operation requires an accurate geolocation and floor level, and an indoor indication could improve the accuracy (restrict the uncertainty to a building) and facilitate mapping to a dispatchable address

Observation 1:
Indoor/outdoor classification of the UE can further facilitate the planning of public safety operations in response to an E911 call.
We believe the network can benefit from any extra information received from the UE and its condition in order to increase the positioning accuracy. For example this information can help the network to assist the UE with more suitable OTDOA network assistance information. One example can be the choice of reference and neighbor cell list suggested by the network, which may become improved by having this knowledge from the UE. Another example is that an indoor classification sent via RRC to the serving eNB could be exploited as an indication of a low mobility UE.

Observation 2:
Indoor/outdoor classification of the UE can further enhance the OTDOA positioning support with providing better network assistance information based on this indication. 
4 Indoor/outdoor classification reporting

Basically, indoor/outdoor classification for emergency call positioning can be introduced in line with the existing reporting structures in 3GPP from a network node perspective:

1. Request for UE capabilities regarding indoor classification

2. Request location information including the indoor classification, possibly providing assistance data

3. Reception of location information including indoor classification

Figure 3 provides generic signalling to support indoor classification reporting, essentially using LPP messages where the network node is the location server. Alternatively, the indoor classification information can be provided via LPPe or RRC+LPPa. For LPP/LPPe, the benefit is that the indoor classification signalling can be tailored and optimized to the E911 use cases, while for RRC the benefit is that the indoor classification signalling can be more generic and supporting also RRM use cases.
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Figure 3: Generic signalling for indoor classification reporting
5 Conclusions

In this contribution we have discussed potential enhancements related to indoor/outdoor classification and reporting, and have the following observations and proposal:

Observation 1:
Indoor/outdoor classification of the UE can further facilitate the planning of public safety operations in response to an E911 call.
Observation 2:
Indoor/outdoor classification of the UE can further enhance the OTDOA positioning support with providing better network assistance information based on this indication. 
Proposal 1:
RAN1 to define indoor/outdoor classification reporting as one enhancement for indoor positioning.
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