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1. Introduction

Indoor Positioning work item [1] includes support for WiFi/BLE/Barometric Positioning. The protocol and signalling options for these positioning methods were studied during study item and captured in [2]. In this contribution we provide some additional details for WiFi based positioning. 
2. Discussion

Four signalling options were identified during study item in TS 37.857 [1] for WiFi/BLE/Barometric:
a) Existing LPP/LPPe.

b) LPP Updates.

c) RRC & LPPa updates.

d) RRC & LPPa & LPP updates.

The Work Item calls to prioritize UE-assisted mode over UE-based mode and also to leverage LPPe IEs as starting point for LPP updates. Based on the specification impact for the four options in the study item and the work item definition, most reasonable is to use either option a (LPPe) or option b (LPP updates). 

Proposal 1: Use LPPe or LPP updates protocol options for WiFi/BLE/Baro. 

If option b) is adopted, it is desired to update the list of information that may be transferred from the UE to the E-SMLC in table 7.2.4.1-2 of TS 37.857 to include all the IEs defined in LPPe [3] per work item definition.  The current table from TS 37.857 [2] is shown in table 1 below.
Table1:  7.2.4.1-2 TS 37.857: Information that may be transferred from the UE to the SMLC

	Information
	UE‑assisted
	UE‑based
	Standalone/
Autonomous

	UE Capabilities
	
	
	

	· Support for WLAN Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	· Support for BTLE Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	· Support for Sensor Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	WLAN Location Information
	
	
	

	· BSSID
	Yes
	No
	No

	· SSID
	Yes
	No
	No

	· Received Signal Strength (RSSI)
	Yes
	No
	No

	· Round Trip Time (RTT)
	Yes
	No
	No

	BTLE Location Information
	
	
	

	· BTLE AP ID (MAC Address)
	Yes
	No
	No

	· Received Signal Strength (RSSI)
	Yes
	No
	No

	Sensor Location Information
	
	
	

	· Atmospheric  pressure measurement
	Yes
	No
	No


Specifically, the WLAN Location information portion in the table above (BSSID, SSID, RSSI, RTT) should be extended to include all WLAN elements defined in LPPe [3] and captured in table 2 below for each AP measured by the UE:

Table 2: WLAN Information sent by UE to SMLC based on LPPe

	Name
	Description

	RelativeTimeStamp
	Time of measurement relative to current time

	ServingFlag
	Serving AP flag

	BSSID
	MAC address of AP

	SSID
	AP SSID

	apSignalStrength (RSSI)
	AP signal strength

	apChannelFrequency
	AP Frequency 

	apRoundTripDelay (RTT)
	AP Round Trip

	apTransmitPower
	AP Transmit Power

	apAntennaGain
	AP Antenna Gain

	apDeviceType
	AP Device Type

	apPhyType
	AP IEEE Phy Type


Similarly, the Bluetooth Location information section of the table should be extended to include all elements for BTLE measurements as defined in LPPe[3] and captured in table 3 below:

Table 3: BTLE Information sent by UE to SMLC based on LPPe

	Name
	Description

	BTLE AP ID 
	MAC Address

	Received Signal Strength 
	RSSI

	relativeTimeStamp
	Time of measurement relative to current time

	rtd
	Round trip time


Similarly, the Sensor Location information section of the table should be extended to include all elements for pressure measurements as defined in LPPe[3] and captured in table 4 below:

Table 4: Pressure Information sent by UE to SMLC based on LPPe

	Name
	Description

	SensorMeasurement
	Measured pressure 

	Adjustment
	Adjustment in Pa units due to calibration. Shall be provided if available.

	Uncertainty
	Range of measurement and Confidence 

	Temperature
	Temperature in Celsius during measurement

	PressureStats
	Mean, Standard deviation & duration of measurement

	CalibrationPoints
	Sequence of calibration points for the target with 3D location and pressure measurement


In addition, it will be beneficial to include the most recent serving cell (eCGI) as part of the information UE sends back to the E-SMLC together with WiFi/BLE/Baro information.
Proposal 2: If LPP update option is agreed, leverage all IEs from LPPe for location information sent from UE to the SMLC.  In addition, UE shall be able to send back its most current serving cell (eCGI).
3. WiFi Scan

WiFi scan is one of the most important functions in WiFi Positioning. In that process the UE scans for any nearby APs. All detected APs in a scan are reported back to the SMLC with some optional measurements (example RSSI).  It is natural to assume that the higher number of APs detected, would positively impact location accuracy. Two common methods exist for WiFi scanning:
1) Passive scan – UE scans all channels and listens for beacons transmitted by APs.

2) Active scan – UE sends probe request and all nearby APs that hear the request respond back with probe response including the beacon information.

During active scan it is possible the UE may not detect all probe responses due to collisions. That maybe very common in dense urban area with tens of APs. One option to resolve this limitation is for the UE to perform multiple scans and allow the SMLC to use aggregated scan result from all scans. For LTE, there are three options to perform multiple scans and aggregate them:
A. E-SMLC can initiate multiple consecutive LPP Location information procedures requesting the target (UE) to provide WiFi measurements. Each procedure will allow UE to send back a single WiFi scan to the server. All scan results are aggregated at the E-SMLC.
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Figure 1: WiFi Positioning Procedure with multiple scans option A
B. E-SMLC initiates single LPP Location Information procedure but requests in this procedure to get periodic reports (example every 4sec). Each report will correspond to a new WiFi scan result. All scan results are aggregated at the E-SMLC.
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 Figure 2: WiFi Positioning Procedure with multiple scans option B

C. E-SMLC initiates single LPP Location Information procedure but requests in this procedure to get multiple back-to-back scans. UE performs multiple scans and aggregates them into single report that is sent back to the E-SMLC.
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 Figure 3: WiFi Positioning Procedure with multiple scans option C

For LTE, Options A and B are supported today over LPP for all positioning methods. Option C has the advantage of allowing to aggregate all scan results in the device and perform the scans back-to-back. That allows to improve overall time to fix and also signalling load over LPP. Option C is applicable to UMTS as well.

Proposal 3: Allow SMLC to request multiple WiFi Scans that are aggregated at the UE for WiFi positioning (option C).
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