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1 Introduction
At RAN#67, a new Work Item on LTE-WLAN Radio Level Integration and Interworking Enhancement [1] was approved. For the measurement of WLAN-LTE aggregation and network-controlled interworking, the following agreements related to measurement were made during RAN2 #90 [2]: 
· The eNB provides the UE with a group of APs (e.g. by SSID, HESSID or BSSID) among which WLAN mobility mechanisms apply while still supporting aggregation or interworking, i.e., the UE may perform mobility transparent to the eNB.

· UE mobility across such groups of APs is controlled by the eNB e.g. based on measurement reports provided by the UE.
This contribution gives some further considerations for the WLAN measurement of Rel-13 LTE-WLAN aggregation and interworking enhancements.
2 Discussion
The Rel-12 LTE-WLAN RAN rules based interworking method can be applied for both RRC_IDLE state and RRC_CONNECTED state, and the WLAN measurements to be performed by a UE is controlled by E-UTRAN using broadcast or dedicated signalling. The measurement aspects discussed in this contribution are only aimed for UE in RRC_CONNECTED state.
As already agreed, for the measurement of WLAN APs, current RRM measurement framework still applied and should be extended by adding WLAN measurement part. The solution 3 in Rel-12, which can be seen as the original design of network-controlled LTE-WLAN interworking, was not standardized during the WI phase. We can take the WLAN measurements for it specified in Rel-12 TR 37.834 [3] can be used as a reference. 
· Measurement object

It is agreed that the eNB provides the UE with a group of APs that supporting aggregation or interworking, and within the group the UE perform mobility transparent to the eNB. In our companion contribution, to separate the AP groups, AP group ID is proposed to be defined by LTE [4]. As a different access technology, the measurement object of WLAN could be similar to existing inter-RAT measurement object configuration. For inter-RAT measurement controlled by E-UTRAN, each measurement object can be a set of cells on a single carrier or a set of carriers. It is proposed that the eNB provides the WLAN operation channels, neighbouring AP groups identified by AP group ID, and detailed WLAN APs consisted in each group.

Proposal 1: The network can provide the information of WLAN operation channels, neighbouring AP groups identified by AP group ID, and detailed WLAN APs consisted in each group as the measurement object.
The candidate AP identifiers for WLAN in Rel-12 solution 3 are shown in Table 1 [3]. Since one operator may usually use the same SSID for certain types of WLAN AP, and BSSID is used to uniquely identify a BSS, and HESSID is the unique identifier of a collection of BSSs within the same ESS, so at least SSID, BSSID and HESSID should be adopted as the identifiers of AP identifiers in each AP group.
Table 1: Candidate target identifiers for WLAN measurements
	Identifier
	Description
	Availability in WLAN

	BSSID
	Basic Service Set Identifier: For infrastructure BSS, the BSSID is the MAC address of the wireless access point
	Beacon or

Probe Response

	SSID
	Service Set Identifier: The SSID can be used in multiple, possibly overlapping, BSSs
	Beacon or

Probe Response

	HESSID
	Homogeneous Extended Service Set Identifier: A MAC address whose value shall be configured by the Hotspot Operator with the same value as the BSSID of one of the APs in the network. All APs in the wireless network shall be configured with the same HESSID value.
	Beacon or

Probe Response

 (802.11)

	Domain Name List
	Domain Name List element provides a list of one or more domain names of the entity operating the WLAN access network.
	ANQP (HS 2.0)

	Operating class,

channel number
	Indication of the target WLAN frequency.

See Annex E of 802.11 [5] for definitions of the different operating classes
	N/A

	NOTE:
If above information is not available in eNB/RNC, it is possible for RAN to configure general WLAN measurements


Proposal 2: At least SSID, BSSID and HESSID should be adopted as the AP identifiers provided to UE.
· Measurement events
To trigger traffic steering to or from WLAN, event-based measurement report mechanism is adopted for Rel-12 LTE-WLAN interworking solution 3. As specified in [3], 4 candidate measurement events are defined as shown in table 2.

Table 2: Candidate measurement events for Rel-12 LTE-WLAN interworking solution 3
	Event
	Description

	W1
	WLAN becomes better than a threshold (to trigger traffic steering to WLAN)

	W2
	WLAN becomes worse than a threshold (to trigger traffic steering from WLAN)

	W3
	3GPP Cell’s radio quality becomes worse than threshold1 and WLAN’s radio quality becomes better than threshold2 (to trigger traffic steering to WLAN)

	W4
	WLAN’s radio quality becomes worse than threshold1 and 3GPP Cell’s radio quality becomes better than threshold2 (to trigger traffic steering from WLAN)


For Rel-13 LTE-WLAN interworking enhancement, the measurement report of Event W1 and W3 can still be utilized to trigger traffic steering to WLAN, and Event W2 and W4 can still be utilized to trigger traffic steering from WLAN. While for Rel-13 LTE-WLAN aggregation, a subset of measurement evens in Table 2 can be applied, that is Event W1 and W2 which can be used to trigger WLAN add and remove. 
RAN2 has agreed that UE mobility across AP groups is controlled by the eNB for Rel-13 LTE-WLAN Aggregation and interworking enhancement. Therefore, measurement report could also be utilized to trigger WLAN AP change across AP groups. To trigger AP change cross groups function, two additional measurement events are proposed as shown in Table 3. 
Table 3: Additional measurement events for Rel-13 aggregation and interworking enhancement
	Event
	Description

	W5
	WLAN AP of neighbouring group becomes offset better than the serving WLAN AP 

	W6
	Serving WLAN AP becomes worse than threshold1 and WLAN AP of neighboring group becomes better than threshold2


Event W5 is similar to measurement Event A3 and A6, when the measurement result of AP form a neighbour group is better than the serving AP, corresponding measurement report is sent to eNB to trigger mobility cross groups. Event W6 is similar to measurement Event A5, which can be used to trigger mobility cross groups on different carriers. The detailed potential functionalities of Event W1 - W6 are described in Table 4.
Table 4: The potential functionalities of Event W1 ~ W6
	
	Aggregation
	Interworking enhancement

	W1
	to trigger AP add 
	to trigger traffic steering to WLAN

	W2
	to trigger AP remove 
	to trigger traffic steering from WLAN

	W3
	\
	to trigger traffic steering to WLAN

	W4
	\
	to trigger traffic steering from WLAN

	W5
	to trigger AP change cross groups on the same carrier
	to trigger traffic steering form the current AP to another AP of neighbouring group on the same carrier

	W6
	to trigger AP change cross groups on the different carrier
	to trigger traffic steering form the current AP to another AP of neighbouring group on different carrier


Proposal 3: Adopt the proposed Event W1 – W6 as the measurement events.

3 Conclusion

In this paper, we focus on the design of measurement for Rel-13 LTE-WLAN aggregation and interworking enhancement, and the following proposals are made:
Proposal 1: The network can provide the information of WLAN operation channels, neighbouring AP groups identified by AP group ID, and detailed WLAN APs consisted in each group as the measurement object.
Proposal 2: At least SSID, BSSID and HESSID should be adopted as the AP identifiers provided to UE.
Proposal 3: Adopt the proposed Event W1 – W6 as the measurement events.
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