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1	Introduction
In the RAN#78 meeting, a new WID “Bluetooth/WLAN measurement collection in MDT” is approved [1]. The objective of this work item is to introduce Bluetooth (BT) and WLAN measurement collection in MDT to monitor and assess coverage performance of BT and WLAN network and also to provide location information for the associated other MDT measurements.
In this contribution, we would give our considerations on the related functionalities and procedures and analyse the specification impact as well.
2	Discussion
2.1	General considerations
2.1.1	Relation with the existing LTE positioning specifications
The main use of BT/WLAN measurement results is to calculate the location of a UE. These measurement/location information together with other MDT measurement results are then reported to the eNB by the UEs for further network optimization purpose. So here comes the critical question: why we need this functionality to obtain UE location when there already are some LTE Positioning Protocol (LPP) specifications. With LPP specifications, we can obtain UE location first using the existing positioning procedures and then correlate the UE location information with other MDT measurements based on time-stamps. In our understanding, using LPP procedure to obtain UE location is a feasible way but has the following limitations:
1) Modifications to the LPP specifications are required
· In MDT LoggedMeasurementConfiguration message, there are two mandatory fields, absoluteTimeInfo and loggingInterval, where the absoluteTimeInfo indicates the absolute time in the current cell and the LoggingInterval indicates the periodicity for logging measurement results. If we want to correlate the location information obtained by LPP procedures with other MDT measurements, the two mandatory fields should also be introduced in the LPP specifications to ensure the matching effect. This is the first impact on the LPP specifications.
· The second impact is UE minimum memory requirement. In MDT, a UE that supports logged measurements in RRC_IDLE shall also support a minimum of 64kB memory for log storage. To support the new BT/WLAN based RF fingerprint in logged MDT, a minimum memory for location information storage should be introduced in the existing LPP specifications wherein logged positioning is not supported.
· To protect user privacy, it is probably that UEs only measure and report the radio performance of public or operator deployed BT/WLAN APs excluding home APs. The existing LPP mechanism (TS 36.305) is in support of the delivery of WLAN AP list to UE via LPP Provide Assistance Data message. However the delivery of BT beacon list is not supported in the LPP specifications. If we want to indicate UE to measure a specific group of BT beacons, similar signalling message carrying the BT beacon list should be defined in the existing LPP specifications 
Above are our concerns on the impacts to the existing LPP specifications. 
Observation 1:  Modifications to the LPP specifications are required, for example:
a) two mandatory fields should be introduced to ensure the matching between logged MDT measurements and location information;
b) a minimum UE memory for location information storage should be introduced;
c) signalling message carrying the BT beacon list should be defined to indicate UE to measure a specific group of BT beacons.
2) Additional requirements on UE and network are needed
If the location information is obtained from E-SMLC, it means the UEs and network elements must support MDT functionality and LPP functionality at the same time. Unfortunately, LPP specifications use a different decoder rather than the ASN.1 decoder, which is RTCM decoder. If we introduce RTCM positioning decoder in MDT, the cellular UE chipset company has to implement another set of RTCM decoder. The two decoders (ASN.1 decoder and RTCM positioning decoder) may exist in a single smart phone, bringing additional development cost.
Observation 2:  Additional requirements on UE and network are needed if we use LPP mechanism to obtain UE location.
3) Signalling overhead are added
Using LPP functionality to obtain UE location information means at least four messages would be used to achieve the whole MDT measurement results. One message carrying BT/WLAN measurement results is encoded by LPP and then forwarded by eNB to E-SMLC. Based on these measurement results, E-SMLC would calculate the location of the UE and then feedback a message containing location information to MDT server (TCE). Around the same time, TCE would receive another message carrying other MDT measurement results from UE. Based on time-stamps, the TCE associates location information with these MDT measurements. So we can see the procedure is very complex and the overhead is large when the MDT measurements and UE location information are provided in separate message. 
Observation 3:  The procedure is complex and the overhead is large if we use LPP mechanism to obtain UE location.
With the above concerns, we don’t think it is a perfect solution to bundle MDT functionality and LPP functionality together to realize the new feature. So we propose UE reports ASN.1 encoded WLAN/BT measurement results to eNB instead of to E-SMLC. Whether eNB or TCE calculates the UE location depends on implementation. 
Proposal 1:  UE reports ASN.1 encoded WLAN/BT measurements to eNB instead of to E-SMLC.
[bookmark: OLE_LINK1]But from reducing standardization efforts point of view, we should reuse the measurement information already defined in subsection 6.5.6.2 and 6.5.7.2 of LPP specification [3] as much as possible. 
	related WLAN-MeasurementInformation field descriptions in [3]

	wlan-AP-Identifier
This field provides the BSSID and optionally the SSID of the wireless network served by the WLAN AP [26].

	rssi
This field provides the AP signal strength (RSSI) of a beacon frame, probe response frame or measurement pilot frame measured at the target in dBm as defined in Table 6-7 of [26].

	rtt
This field provides the measured round trip time between the target device and WLAN AP and optionally the accuracy expressed as the standard deviation of the delay. Units for each of these are 1000ns, 100ns, 10ns, 1ns, and 0.1ns.

	rttValue
This field specifies the Round Trip Time (RTT) measurement between the target device and WLAN AP in units given by the field rttUnits. 

	rttUnits
This field specifies the Units for the fields rttValue and rttAccuracy. The available Units are 1000ns, 100ns, 10ns, 1ns, and 0.1ns.

	rttAccuracy
This field provides the estimated accuracy of the provided rttValue expressed as the standard deviation in units given by the field rttUnits.



	related BT-MeasurementInformation field descriptions in [3]

	btAddr
This field specifies the Bluetooth public address of the Bluetooth beacon [25].

	rssi
This field provides the beacon received signal strength indicator (RSSI) in dBm.



Proposal 2:  Reuse the measurement information (i.e., wlan-AP-Identifier, btAddr, rssi, rtt) already defined in LPP specification 36.355 as much as possible.
2.1.2	General impacts to the latest MDT specifications
Before we make detailed design, one fundamental issues should be explicit: How BT/WLAN measurements are reported? Taken as measurement results or included in location information IE?
In the new feature, BT/WLAN measurement results is used for positioning purpose instead of for cell reselection or handover purpose. From the intended use point of view, they should be regarded as location information. But literally, they are just measurement results rather than GNSS location coordinates. 
For Immediate MDT, the configuration for UE measurements is based on the existing RRC measurement procedures for configuration and reporting. If BT/WLAN measurements is specified to be carried in MeasurementReport message, a new measurement object should be introduced in TS36.331 which would bring a large specification impact. It is unnecessary to make such a great modification for a small feature. So we think at least for Immediate MDT, BT/WLAN measurement results is carried in location information IE.
Proposal 3:  For Immediate MDT, BT/WLAN measurements is carried in location information IE.
For logged MDT, such specification impact does not exist since both logged measurement configuration and reporting parameters are fixed which do not depend on dynamic configuration. Therefore, both options (as measurement results or included in location information) are feasible. To ensure consistency of UE behaviour in both logged MDT and Immediate MDT, taking BT/WLAN measurements as location information may be better.
Proposal 4:  RAN2 to decide the reporting form of BT/WLAN measurements in logged MDT (as measurement results or location information).
2.2	Detailed aspects
2.2.1	General procedures
The goal of the feature is to optimize indoor network performance using high accuracy location information calculated from BT/WLAN measurement results. In indoor environment, UE is probably in a poor coverage area, for example in the basement or at the edge of the rooms, where UE is unable to report BT/WLAN measurement results to network in time. Hence introducing the feature for logged MDT is a must. 
As proposed above, for Immediate MDT the BT/WLAN measurement results is carried in location information which is an optional field. If detailed location information (BT/WLAN measurement results) is available, the UE could provide it in RRC measurement report with less power consumption. The impact to UE is less, but the value to operator is meaningful. The operators would have a more objective view of indoor network performance considering not only the MDT measurements coming from idle UEs but also that from connected UEs. So in our view, both Immediate MDT and logged MDT support the new feature.


Figure 1: Procedures for logged MDT


Figure 2: Procedures for immediate MDT


For Logged MDT, Network initiates the procedure to UE in RRC Connected by sending LoggedMeasurementConfiguration message, which is used to transfer configuration parameters. Then the UE may enter into RRC idle state. During connection establishment, the UE may indicate the availability of Logged MDT measurements to E-UTRAN by means of an indicator in RRCConnectionSetupComplete message. If the E-UTRAN wants the MDT measurements, it may command UEInformationRequest to retrieve these measurements from the UE. And for Immediate MDT, the configuration for UE measurements is based on the existing RRC measurement procedures for configuration and reporting with some extensions for location information. In our understanding, the basic MDT measurement configuration and reporting procedures could be followed for indoor location purpose without any enhancement.
To indicate the network problems for a specific location, RLF report is extended in Rel-10 to include the available location information on where RLF detected, and RCEF reporting is introduced in Rel-11 to indicate where the UE RRC Establishment is failed to one eNB. In our view, the enhanced procedures are also meaningful indoors and should also be supported.
Proposal 5:  [bookmark: _GoBack]The existing MDT measurement configuration and reporting procedures (i.e., logged MDT, immediate MDT, RLF report and RCEF report) can be applied for indoor location purpose.
2.2.2	Measurement collection
As discussed in proposal 2, we should reuse the measurement information (i.e., wlan-AP-Identifier, btAddr, rssi, rtt) already defined in LPP specifications as much as possible. Using BT/WLAN measurements to calculate UE location can be regarded as UE-Assisted positioning mode in which location calculation is done by the network. In LPP specification, BT and WLAN measurement information that may be transferred from the UE to the E-SMLC are listed in Table 1 and 2 respectively. For BT case, the UE would report the MAC addresses of the measured BT beacons and associated RSSI. For WLAN case, the UE would report the BSSID/SSID of the measured WLAN APs, and associated RSSI or RTT.
Table 1: BT measurement information that may be transferred from the UE to the E-SMLC in LPP
	Bluetooth measurement Information
	

	MAC Address
	mandatory

	Received Signal Strength (RSSI)
	optional

	Time Stamp
	optional

	Measurement characteristics
	optional



Table 2: WLAN measurement information that may be transferred from the UE to the E-SMLC in LPP
	WLAN measurement Information
	

	BSSID
	mandatory

	SSID
	optional

	Received Signal Strength (RSSI)
	optional

	Round Trip Time (RTT)
	optional

	Time Stamp
	optional

	Measurement characteristics
	optional



Similarly for the BT/ WLAN based RF fingerprint in MDT, at least the mandatory device identifiers should be collected and reported. 
Proposal 6:  At least the MAC addresses of Bluetooth beacons and BSSID/SSID of WLAN APs should be reported if UE reports Bluetooth/WLAN measurements.
If requested by the network, UE should provide all available measurements (RSSI and RTT) to the eNB. Besides, time stamp may also be needed when other MDT measurements (e.g., measured by eNBs) and Bluetooth/ WLAN measurements (e.g., measured by UEs) are provided separately. 
Proposal 7:  If requested by the network, measurements can further include RSSI for Bluetooth beacons and both RSSI and RTT for WLAN APs.
As we all know, the estimated location would be more accurate with more measurement results. To ensure the location accuracy and further the indoor MDT performance, collections for multiple WLAN APs or Bluetooth beacons are necessary. The number of WLAN APs or Bluetooth beacons to be logged should be limited by a fixed upper limit like other MDT measurement categories. In TS36.331, maximum number of WLAN IDs to report is 32 (maxWLAN-Id-Report-r14). We think this value can also be applied for the WLAN based RF fingerprint. While for Bluetooth beacons, the maximum number has not been specified. But we can follow the upper limit of Bluetooth measurements defined in [3], which is 32. 
Proposal 8:  The UE could log the measurement results for up to 32 WLAN APs.
Proposal 9:  The UE could log the measurement results for up to 32 Bluetooth beacons.
2.2.3	UE capability
Before enabling the BT/WLAN based RF fingerprint function to a specific UE, E-UTRAN need to know whether the UE support Bluetooth /WLAN measurements or not. So 2 bits should be defined for UE capabilities, one is used to indicate the capability for support of Bluetooth measurements, and the other is used to indicate the capability for support of WLAN measurements.
Proposal 10:  2 bits should be defined in UE capability to indicate whether the UE support Bluetooth/WLAN measurements or not.
2.2.4	Impacts to UE memory size
As suggested in the previous section, measurement results for up to 32 WLAN APs and up to 32 Bluetooth beacons could be reported simultaneously. Assuming the WLAN/ Bluetooth measurement Information have the following size:
	Bluetooth measurement Information

	MAC Address
	6 byte

	Received Signal Strength (RSSI)
	1 byte

	WLAN measurement Information

	BSSID/ SSID
	6 byte +32 byte

	Received Signal Strength (RSSI)
	1 byte

	Round Trip Time (RTT)
	3byte + 11 bit



The maximum memory size consumed for 32 WLAN APs and 32 Bluetooth beacons is 1612 bytes. Considering the minimum memory for log storage is 64kB which was agreed to be expanded from 32kB in RAN2#72bis [5], we think the current UE memory is still abundant. 
Proposal 11:  Not need to expend UE memory size for log storage.
3	Conclusion
In summary, our considerations and recommendations are list below:
Observation 1:  Modifications to the LPP specifications are required, for example:
d) two mandatory fields should be introduced to ensure the matching between logged MDT measurements and location information;
e) a minimum UE memory for location information storage should be introduced;
f) signalling message carrying the BT beacon list should be defined to indicate UE to measure a specific group of BT beacons.
Observation 2:  Additional requirements on UE and network are needed if we use LPP mechanism to obtain UE location.
Observation 3:  The procedure is complex and the overhead is large if we use LPP mechanism to obtain UE location.
Proposal 1:  UE reports ASN.1 encoded WLAN/BT measurements to eNB instead of to E-SMLC.
Proposal 2:  Reuse the measurement information (i.e., wlan-AP-Identifier, btAddr, rssi, rtt) already defined in LPP specification 36.355 as much as possible.
Proposal 3:  For Immediate MDT, BT/WLAN measurements is carried in location information IE.
Proposal 4:  RAN2 to decide the reporting form of BT/WLAN measurements in logged MDT (as measurement results or location information).
Proposal 5:  The existing MDT measurement configuration and reporting procedures (i.e., logged MDT, immediate MDT, RLF report and RCEF report) can be applied for indoor location purpose.
Proposal 6:  At least the MAC addresses of Bluetooth beacons and BSSID/SSID of WLAN APs should be reported if UE reports Bluetooth/WLAN measurements.
Proposal 7:  If requested by the network, measurements can further include RSSI for Bluetooth beacons and both RSSI and RTT for WLAN APs.
Proposal 8:  The UE could log the measurement results for up to 32 WLAN APs.
Proposal 9:  The UE could log the measurement results for up to 32 Bluetooth beacons.
Proposal 10:  2 bits should be defined in UE capability to indicate whether the UE support Bluetooth/WLAN measurements or not.
Proposal 11:  Not need to expend UE memory size for log storage.
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