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1 Introduction 
According to the new Rel-13 WI: “LTE-WLAN Radio Level Integration and Interworking Enhancement” being approved at RAN#67[1], the identified objective for RAN2 includes “specify UE WLAN measurement reporting for aggregation and inter-working enhancements”. The intention of this contribution is to give some initial consideration for WLAN measurement for the LTE/WLAN aggregation and RAN-Controlled WLAN interworking.
2 Discussion
2.1 The necessity for UE WLAN measurement information
According to the network deployment, WLAN APs are expected to cover small area (e.g. deployed at some hotspots), and UEs staying at different locations might see different APs or might not even see any APs, illustrated as Figure 1. In order to avoid eNB to select the unsuitable APs which are actually unavailable (e.g. out of AP’s coverage) or not good enough (e.g. heavy load, bad radio signal, etc) for UE, and to allow eNB to select the suitable APs (e.g. acceptable load, radio signal, etc) for UE for efficient LTE-WLAN aggregation or efficient RAN-Controlled WLAN interworking, it should be useful for eNB to get the information of suitable/unsuitable APs for UE. 
Observation 1: In order to achieve efficient LTE-WLAN aggregation or RAN-Controlled WLAN interworking, it should be useful for eNB to get the information of suitable/unsuitable APs for UE.
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Figure 1
In R12 RAN-assisted WLAN interworking function[2], several WLAN parameters have been identified to be used to evaluate whether or not one AP is suitable enough to serve UE, including ChannelUtilizationWLAN, BackhaulRateDlWLAN, BackhaulRateUlWLAN and BeaconRSSI, all of which could be acquired by UE , but nowadays there is no existing way for eNB to get all these information of WLAN in order to evaluate a suitable AP for specific UE, e.g. it could be possible for eNB to get the information of WLAN channel utilization, WLAN DL/UL bachhaul rate since these information are AP-relevant, which means eNB might get them from APs by internal interface for co-located AP, or by external interface for non-colocated APs as discussed in [3], however it is impossible for eNB to get the BeaconRSSI of UE measured since it normally depends on UE measurement and each UE may have different measured BeaconRSSI of same AP to be used to indicate the WLAN radio quality for specific UE. All of these information are important to evaluate a suitable AP for specific UE in order to achieve effective LTE-WLAN aggregation or traffic sttering between LTE and WLAN, it should be desirable to consider the possible way for eNB to get them.
Observation 2: There is no existing way for eNB to get enough information of WLAN, especially for UE measured BeaconRSSI, in order to evaluate a suitable AP for specific UE.

2.2 The possible solution for UE WLAN measurement in R13
In R12, the possible way for UE WLAN measurement has been discussed and described in [4] in order to achieve the traffic steering between WLAN and LTE based on RAN-controlled WLAN interworking mechanism which is not specified finally in R12. This kind of outcome could be reused as much as possible in order to avoid the repeated work, but the differences should be identified, e.g. the WLAN parameters are not totally same based on the R12 RAN-assisted WLAN interworking compared with previous solution 3; considering that LTE-WLAN aggregation should use LTE backhaul not WLAN backhaul, which could be different from interworking enhancements for traffic steering, it means that the measurement metrics relevant with WLAN DL/UL backhaul rate might not be considered for LTE-WLAN aggregation scenario.
The following solution is based on the studied solution 3 [4] and the agreed R12 RAN-assisted WLAN interworking [2]. The three steps are illustrated as shown:
Step 1.
Measurement control: The eNB configures the UE measurement procedures including the identity of the target WLAN to be measured. 

Step 2.
Measurement report: The UE is triggered to send MEASUREMENT REPORT by the rules set by the measurement control. 

Step 3.
LTE-WLAN aggregation/ Traffic steering: The eNB sends the relevant command message to the UE to perform the aggregation with a suitable AP or the traffic steering to a suitable AP based on the evaluation depending on the reported measurements.

Step 1: Measurement control

For measurement control, the following examples are types of information can be configured for the UE to measure the operator WLAN:

1.
Measurement events to trigger reporting as defined in Table 1, six events proposed as baseline, more events to be considered if necessary.
2.
Target identification as defined in Table 2 including the identifiers approved in R12 [2].
3.
Measurement quantities to report as defined in Table 3, including the identifiers approved in R12 [2].
Table 1: Candidate measurement events for reporting WLAN
	Event
	Description

	W1
	WLAN neighbour becomes better than threshold set 1 (for aggregation)

	W2
	WLAN serving becomes worse than threshold set 2 (for aggregation)

	W3
	WLAN neighbour becomes better than threshold set 3 (for RAN-Controlled WLAN interworking)

	W4
	WLAN serving becomes worse than threshold set 4 (for RAN-Controlled WLAN interworking)

	W5
	3GPP Cell’s radio quality becomes worse than threshold1 and WLAN becomes better than threshold set 5

	W6
	WLAN becomes worse than threshold set 6 and 3GPP Cell’s radio quality becomes better than threshold2


(Note: Assuming the events for aggregation and traffic steering could be configured independently)
The conditions for W1 are illustrated as following:

	Event W1 (WLAN neighbour becomes better than threshold set 1)

Event W1
SEQUENCE {


w1- ThreshWLAN



SEQUENCE{

w1- ThreshChUtilWLAN


ThreshChUtilWLAN,

w1- ThreshBeaconRSSIWLAN


ThreshBeaconRSSIWLAN
}
}
In the target WLAN, W1 event should be triggerd if the following conditions are satisfied:
ChannelUtilizationWLAN < w1- ThreshChUtilWLAN; and
BeaconRSSI > w1- ThreshBeaconRSSIWLAN;


The conditions for W2 are illustrated as following:
	Event W2 (WLAN serving becomes worse than threshold set 2)

Event W2
SEQUENCE {


w2- ThreshWLAN



CHOICE{

w2- ThreshChUtilWLAN


ThreshChUtilWLAN,

w2- ThreshBeaconRSSIWLAN


ThreshBeaconRSSIWLAN
}
}
In the serving WLAN, W2 event should be triggerd if the following conditions are satisfied:
ChannelUtilizationWLAN > w2- ThreshChUtilWLAN; or
BeaconRSSI < w2- ThreshBeaconRSSIWLAN;


The conditions for W3 are illustrated as following:
	Event W3 (WLAN neighbour becomes better than threshold set 3)

Event W3
SEQUENCE {


w3- ThreshWLAN



SEQUENCE{

w3- ThreshChUtilWLAN


ThreshChUtilWLAN,

w3- ThreshBackhRateDLWLAN


ThreshBackhRateDLWLAN,



w3- ThreshBackhRateULWLAN


ThreshBackhRateULWLAN,
w3- ThreshBeaconRSSIWLAN


ThreshBeaconRSSIWLAN
}
}
In the target WLAN, W3 event should be triggerd if the following conditions are satisfied:
ChannelUtilizationWLAN < w3- ThreshChUtilWLAN; and
BackhaulRateDlWLAN > w3- ThreshBackhRateDLWLAN; and

BackhaulRateUlWLAN > w3- ThreshBackhRateULWLAN; and 

BeaconRSSI > w3- ThreshBeaconRSSIWLAN;


The conditions for W4 are illustrated as following:
	Event W4 (WLAN serving becomes worse than threshold set 4)

Event W4
SEQUENCE {


w4- ThreshWLAN



CHOICE{

w4- ThreshChUtilWLAN


ThreshChUtilWLAN,

w4- ThreshBackhRateDLWLAN


ThreshBackhRateDLWLAN,



w4- ThreshBackhRateULWLAN


ThreshBackhRateULWLAN,

w4- ThreshBeaconRSSIWLAN


ThreshBeaconRSSIWLAN
}
}
In the serving WLAN, W4 event should be triggerd if the following conditions are satisfied:
ChannelUtilizationWLAN > w4- ThreshChUtilWLAN; or
BackhaulRateDlWLAN < w4- ThreshBackhRateDLWLAN; or

BackhaulRateUlWLAN < w4- ThreshBackhRateULWLAN; or

BeaconRSSI < w4- ThreshBeaconRSSIWLAN;


The conditions for W5 are illustrated as following:

	Event W5
 (3GPP Cell’s radio quality becomes worse than threshold1 and WLAN becomes better than threshold set 5)

Event W5
SEQUENCE {

W5- ThreshEUTRAN

CHOICE{

w5- ThreshETURAN,P
RSRP-Range,

w5- ThreshETURAN,Q
RSRQ-Range,

},           
 w5- ThreshWLAN



SEQUENCE{

w5- ThreshChUtilWLAN


ThreshChUtilWLAN,

w5- ThreshBackhRateDLWLAN


ThreshBackhRateDLWLAN,



w5- ThreshBackhRateULWLAN


ThreshBackhRateULWLAN,

w5- ThreshBeaconRSSIWLAN


ThreshBeaconRSSIWLAN
}
}


The conditions for W6 are illustrated as following:
	Event W6
 (WLAN becomes worse than threshold set 6 and 3GPP Cell’s radio quality becomes better than threshold2)

Event W6
SEQUENCE {

            w6- ThreshEUTRAN


SEQUENCE{

w6- ThreshEUTRAN,P
RSRP-Range,

w6- ThreshEUTRAN,Q
RSRQ-Range,

},
w6- ThreshWLAN



CHOICE{

w6- ThreshChUtilWLAN


ThreshChUtilWLAN,

w6- ThreshBackhRateDLWLAN


ThreshBackhRateDLWLAN,



w6- ThreshBackhRateULWLAN


ThreshBackhRateULWLAN,

w6- ThreshBeaconRSSIWLAN


ThreshBeaconRSSIWLAN
}
}


Table 2: Candidate target identifiers for WLAN

	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)


Step 2:
Measurement quantities to report

Table 3 shows the candidate measurement quantities to report for WLAN.
Table 3: Candidate measurement quantities to report for WLAN

	Identifier
	Description
	Availability
 in WLAN

	Beacon RSSI
	WLAN radio quality indication
	Measurement

	Channel Utilization
	Contains information on the current STA population and traffic levels in the BSS.
	Beacon or
Probe Response (802.11k)

	UL/DL Backhaul Rate
	Includes estimates of DL and UL speeds and loading as well as link status and whether the WLAN AP is at capacity.
	ANQP (HS 2.0)


Step 3:
Aggregation/ Traffic steering

UE can perform aggregation with one specific AP or traffic steering to one specific AP by the eNB controlling.
In this solution, the aggregation or traffic steering for UE is controlled by the eNB based on WLAN measurements reported by UE, therefore, in order to achieve efficient aggregation/traffic steering, there is the following proposal for UE WLAN measurement:
Proposal 1: The solution for UE WLAN measurement for LTE-WLAN aggregation and interworking enhancements in R13 should be based on the outcome of the studied solution 3 in R12 WLAN-3GPP interworking and the agreed R12 RAN-assisted WLAN interworking.
Considering that Channel Utilization and UL/DL Backhaul Rate are per-AP information, it is possible for eNB to get them via internal/external interface with AP, then these information could be configured to report or not; for Beacon RSSI, it is per-UE information, it is impossible for eNB to get them in time, therefore the following proposal 1a is suggested:

Proposal 1a: The candidate measurement quantities to report for WLAN should include Beacon RSSI at least, optionally Channel Utilization and UL/DL Backhaul Rate.
Considering that the evaluation for LTE radio quality could be achieved by existing LTE measurement, event W1, W2, W3 and W4 are proposed as baseline, but additional events, W5, W6 and any other events could be considered if necessary.
Proposal 1b: The candidate measurement events for reporting WLAN should include event W1, W2, W3 and W4 at least, optionally W5 and W6.
3 Conclusion
Based on the analysis, there are the following observations and proposals: 
Observation 1: In order to achieve efficient LTE-WLAN aggregation, it should be useful for eNB to get the information of suitable/unsuitable APs for UE.

Observation 2: There is no existing way for eNB to get enough information of WLAN, especially for UE measured BeaconRSSI, in order to evaluate a suitable AP for specific UE.

Proposal 1: The solution for UE WLAN measurement for LTE-WLAN aggregation and interworking enhancements in R13 should be based on the outcome of the studied solution 3 in R12 WLAN-3GPP interworking and the agreed R12 RAN-assisted WLAN interworking.
Proposal 1a: The candidate measurement quantities to report for WLAN should include Beacon RSSI at least, optionally Channel Utilization and UL/DL Backhaul Rate.
Proposal 1b: The candidate measurement events for reporting WLAN should include event W1, W2, W3 and W4 at least, optionally W5 and W6.
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