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1 Introduction 
During RAN2#89bis, the following agreements were reached:

	Agreements
For aggregation and interworking enhancements

1
We extend the RRM measurement framework by adding WLAN measurement reporting. 

2
As baseline the measurement metrics defined in Rel-12 for RAN rules are supported for reporting
(This does not preclude direct provisioning of measurements from WLAN to eNB)

3
The eNB may configure measurement objects for WLAN measurements. 


During RAN2#90, the following agreements were reached:

	Agreements
For WLAN Aggregation…

1.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, i.e., the UE may perform mobility transparent to the eNB


2. UE mobility across such groups of APs is controlled by the eNB e.g. based on measurement reports provided by the UE. 

For interworking
1.
As in Rel-12 higher layers determine which traffic is offloadable.

2a.
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 interworking, i.e., the UE may perform mobility transparent to the eNB

FFS how the IDs are provided to the UE.

2b.
UE mobility across such groups of APs is controlled by the eNB e.g. based on measurement reports provided by the UE.


In this paper, we will analyze the possible WLAN measurement requirements for LTE-WLAN aggregation (LWA) and LTE-WLAN interworking enhancement (IWK+), including AP group relevant measurement requirements.
2 Discussion
2.1 WLAN measurement configuration and reporting
Based on the agreements at RAN2#89bis, the baseline WLAN measurement metrics for LWA and interworking enhancement could include WLAN Beacon RSSI, WLAN channel utilization and Backhaul available downlink/uplink bandwidth which were defined in Rel-12 for RAN rules. Additional WLAN defined measurement metrics [1] such as, Noise histogram, STA statistics, link measurement, transmit stream measurement could also be considered to apply for LWA and interworking enhancement if necessary. The WLAN measurement metrics could potentially impact the way for WLAN measurement configuration and reporting. 
Based on the agreements at RAN2#89bis, there could be two ways for WLAN measurement configuration and reporting for LWA and interworking enhancement:
Alt1: WLAN measurement configuration and reporting through LTE air interface

Alt2: WLAN measurement configuration and reporting through Xw
For alt1, eNB could deliver WLAN measurement configuration and receive WLAN measurement report through LTE air interface, existing LTE RRM measurement framework could be reused as much as possible. For the baseline WLAN measurement metrics, alt1 may work for them with different time cost, e.g. Beacon RSSI can be got quickly and easily, WLAN channel utilization can be got from Beacon message and WLAN backhaul available downlink/uplink bandwidths need additional query and mapping. For additional WLAN metrics mentioned above (e.g. WLAN link measurement, WLAN transmit stream measurement), they could also deliver through LTE air interface, but it could increase LTE complexity and signaling overhead.
For alt2, eNB could deliver WLAN measurement configuration to WT and receive WLAN measurement report from WT through Xw, and WT might further deliver WLAN measurement configuration (e.g. by mapping it to existing WLAN measurement configuration defined in WLAN) to UE and receive WLAN measurement report from UE through AP and WLAN air interface. The detailed working mechanism between WT and UE through AP and WLAN air interface is beyond 3GPP scope. For the baseline WLAN measurement metrics, WLAN channel utilization can be got easily since it is per-AP and WT can get it from AP directly. The issue here is that WLAN measurement request/response mechanism per UE (e.g. beacon RSSI) through WLAN air interface can only happen after AP association between UE and AP, which means that alt2 might only be used for UEs which have setup its WLAN link for LWA or interworking enhancement. This issue could result in that we can’t rely on alt2 without alt1. For additional WLAN metrics mentioned above (e.g. WLAN link measurement, WLAN transmit stream measurement), they could deliver through alt2 with less cost than alt1 since existing WLAN mechanism can work.
Based on the analysis, the ways for WLAN measurement configuration and reporting through LTE air interface and Xw interface can work, but considering the limitation of WLAN measurement configuration through Xw, we suggest that WLAN measurement configuration and reporting through LTE air interface can be as baseline for initial WLAN measurement framework.
Proposal 1: WLAN measurement configuration and reporting through LTE air interface can be as baseline for initial WLAN measurement framework.
2.2 Functionality of WLAN measurement and reporting

WLAN measurement report can be applied for some operations of aggregation and interworking for eNB, e.g. configuration/de-configuration of aggregation/interworking, activation/deactivation of aggregation/interworking, mobility between APs and even SON/MDT.

During RAN2#90, the concept of AP group was brought for UE mobility among APs, e.g. mobility within APs of AP group may be transparent to eNB, but mobility across AP group is controlled by eNB. 
WLAN measurement and reporting could also be used to support the operations of aggregation and interworking relevant to AP group, e.g. to allow eNB to initially configure and activate LW aggregation with the initial target WT/constructing the relevant AP group, to allow eNB to reconfigure and change AP group/WT, and to allow UE to change its serving AP within AP group with/without direct eNB control.
Although the eNB could do many operations based on WLAN measurement and reporting, but it doesn’t mean that WLAN measurement report is the only trigger for these operations, it is possible for eNB to do them without WLAN measurement report.

Observation 1: Based on WLAN measurement and reporting, eNB could do the following operations, including configuration/de-configuration of LWA and IWK+, activation/deactivation of LWA and IWK+, reconfiguration/modification of serving AP/AP group/WT, SON/MDT.
2.3 Design for WLAN measurement
In this section, we will discuss the possible design for WLAN measurement based on the baseline WLAN measurement metrics already defined in R12. Existing LTE measurement architecture could be kept as much as possible for WLAN measurement. And AP group is considered for WLAN measurement architecture.
Just like existing LTE measurement architecture, the UE can report WLAN measurement information in accordance with the measurement configuration as provided by E-UTRAN.

WLAN measurement configuration can include the similar parameters with existing E-UTRAN measurement configuration except for measurement gaps. Measurement gap is not applicable for WLAN measurement since WLAN transmitter and receiver is normally separate from LTE, and there is no need to use gap for WLAN measurement.
The following WLAN measurement configurations are considered:
1. WLAN measurement objects: The objects on which the UE shall perform WLAN measurements.

· A WLAN measurement object is a set of APs on a single WLAN carrier frequency.
2. WLAN reporting configurations: A list of reporting configurations where each reporting configuration consists of reporting criteria and reporting format. WLAN reporting configurations can use the similar structure with existing E-UTRAN’s, i.e. reporting criteria can either be periodical or a single event.
3. WLAN measurement identities: A list of measurement identities where each measurement identity links one WLAN measurement object with one WLAN report configuration. 

· WLAN measurement identities can share existing measurement identities with E-UTRAN and other RATs which has been extended to 64 in R12; or separate WLAN measurement identities can be defined in order to allow more WLAN measurement identities.

4. WLAN quantity configurations: It is necessary to configure WLAN quantity configurations since existing E-TURAN quantity configurations is configured per RAT type. WLAN quantity configuration may define WLAN measurement quantities (i.e. beaconRSSI, channelUtilization, backhaulRateDl, backhaulRateUl, etc) and associated filtering.
Proposal 2: WLAN measurement configuration includes WLAN measurement objects, WLAN reporting configurations, WLAN quantity configurations, optionally WLAN measurement identities.
The following structures for WLAN measurement are proposed to keep consistent with existing LTE measurement configuration as much as possible.
WLAN Measurement Object
The following structure for WLAN measurement object is proposed.
MeasObjectWLAN information element
MeasObjectWLAN ::=


SEQUENCE {


carrierFreq






CarrierFreqWLAN, 

WLANsToRemoveList




WlanIdIndexList,

WLANsToAddModList




WlansToAddModList,

...

}

WlansToAddModList ::=

SEQUENCE (SIZE (1..maxWLAN-Id-r13)) OF WLAN-Id
WLAN-Id ::=




SEQUENCE {

wlanIdIndex






INTEGER (1.. maxWLAN-Id-r13),

wlan-Identifiers




CHOICE {



ssid









OCTET STRING (SIZE (1..32)),



bssid









OCTET STRING (SIZE (6)),



hessid









OCTET STRING (SIZE (6))

}
}

Proposal 3: WLAN measurement object can include WLAN carrier frequencies and WLAN Ids (SSID/BSSID/HESSID). 
WLAN Reporting Configuration

There are three types of AP for WLAN measurement:

· Primary AP/ PAP: serving AP of serving AP group.
· Secondary AP/ SAP: non-serving APs belonging to serving AP group.
· Neighbor AP: APs not belonging to serving AP group.
Serving AP group is a group of APs associated with the same WT, comprising of the PAP and optionally one or more SAPs.

For WLAN reporting configuration, both periodical and event-triggered criteria are considered.

For event-triggered reporting, the candidate events are proposed as defined in Table 1, more events could be considered further if necessary.
Table 1: Candidate measurement events for reporting WLAN
	Event
	Description

	W1
	Serving AP becomes better than threshold.

	W2
	Serving AP becomes worse than threshold.

	W3
	Neighbour AP becomes offset better than PAP.

	W4
	Neighbour AP becomes better than threshold.

	W5
	PAP becomes worse than threshold1 and neighbour AP becomes better than threshold2

	W6
	SAP becomes offset better than PAP.

	W7
	SAP becomes better than threshold.

	W8
	PAP becomes worse than threshold1 and SAP becomes better than threshold2


For event W1 and W2, serving AP is considered for event evaluation. Although RAN2 had the agreement that UE may perform mobility transparent to eNB within AP group, which means that UE may change serving AP without notifying eNB, it could still be useful for eNB to know serving AP status by these two events, i.e. in case of too bad serving AP, eNB could configure additional WLAN neighbours for UE to measure or deactivate LWA if activated.

For event W3, W4 and W5, the evaluations for neighbour AP are considered. If neighbour AP is good enough (e.g. offset better, better than threshold), eNB could trigger UE mobility from source serving AP group to target AP group relevant to the neighbour AP or could activate LWA or interworking enhancement.
For event W6, W7 and W8, the evaluations for SAP are considered. Although RAN2 has agreed that UE may perform mobility transparent to eNB within AP group, it is still possible for eNB to trigger serving AP change within AP group. These events can provide eNB effective information to make decision.
Proposal 4: The candidate WLAN measurement events can include event W1, W2, W3, W4, W5, optionally W6, W7 and W8.
The metrics for WLAN measurement events could follow those defined in Rel-12 for RAN rules and several metrics could be used together for one WLAN event evaluation, but specific metrics for each event could be different and should be decided later, e.g. if the purpose of the event is relevant to LWA, eNB may configure the metrics of beacon RSSI and channel utilization and does not need to configure the metrics of downlink/uplink backhaul rate since these latter two metrics are irrelevant to aggregation. The trigger quantity and report quantity for WLAN reporting configuration should also be considered in accordance with the metrics used in the events.
Proposal 4-1: The candidate WLAN measurement events can support both joint evaluation of several WLAN metrics and the evaluation of single WLAN metric.
The following structure for WLAN reporting configuration is proposed.
ReportConfigWLAN information element
ReportConfigWLAN ::=


SEQUENCE {


triggerType






CHOICE {



event







SEQUENCE {




eventId







CHOICE {





eventW1, W2, ...




SEQUENCE {





//
beaconRSSI threshold is mandatory (aggregation/IWK+)






//
WLAN channel utilization threshold is optional (aggregation/IWK+)






//
WLAN backhaul available DL/UL bandwidth thresholds are optional (IWK+)




},





...




},




hysteresis






Hysteresis,




timeToTriggerWLAN




TimeToTriggerWLAN


},



periodical






SEQUENCE {




purpose







ENUMERATED { reportStrongestAPs }



}


},

triggerQuantity





ENUMERATED {











beaconRSSI, 











channelUtilization, 











backhaulRateDl, 











backhaulRateUl, 











etc.},

reportQuantity





ENUMERATED {











beaconRSSI, 











beaconRSSIAndChannelUtilization,












beaconRSSIAndBackhaulRateDl,












beaconRSSIAndBackhaulRateUl,












beaconRSSIAndChannelUtilizationAndBackhaulRateDl/Ul,











etc.},

maxReportAPs





INTEGER (1..maxAPReport-r13),


reportInterval





ReportInterval,


reportAmount





ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},


...,

}

Proposal 5: WLAN reporting configuration can support both periodical and event-triggered reporting and relevant configuration (e.g. triggerQuantity, reportQuantity, maxReportAPs, reportInterval, reportAmount, etc.).
WLAN Quantity Configuration

The following structure for WLAN quantity configuration is proposed. For WLAN quantity configuration, filter coefficient is also considered since it is beneficial to get more stable result.
QuantityConfigWLAN information element
QuantityConfigWLAN ::=



SEQUENCE {


measQuantityWLAN




ENUMERATED { 












beaconRSSI, 












channelUtilization, 













backhaulRateDl, 













backhaulRateUl, 












etc.},


filterCoefficient




FilterCoefficient
}

Proposal 6: WLAN quantity configuration can include WLAN Beacon RSSI, WLAN channel utilization and Backhaul available downlink/uplink bandwidth as baseline.
WLAN Measurement Result

Based on the analysis for WLAN measurement configuration, the following structure for WLAN measurement result is proposed, e.g. separate information element for serving AP group and neighbour APs, measurement result for each AP is linked by APID (e.g. BSSID and SSID/HESSID optionally) and measurement result (e.g. beaconRSSIResult and channelUtilizationResult/backhaulRateDl/UlResult optionally).
MeasResultsWLAN information element
MeasResultsWLAN ::=


SEQUENCE {


measResultServAPGroup


MeasResulServAPGroup, //For serving AP group

measResultListWLAN



MeasResultListWLAN,
// For neighbour APs

}

MeasResulServAPGroup ::=
SEQUENCE {


measResultPAP




MeasResultWLAN, // PAP is serving AP of serving AP group

measResultSAPList



MeasResultSAPList //SAP is non-serving AP of serving AP group
}

MeasResultSAPList ::=


SEQUENCE (SIZE (1..maxSAP-r13)) OF MeasResultWLAN

MeasResultListWLAN ::=


SEQUENCE (SIZE (1..maxAPReport-r13)) OF MeasResultWLAN
MeasResultWLAN ::=
SEQUENCE {


bssid






OCTET STRING (SIZE (6)),


wlanId-Info





SEQUENCE {



ssid






OCTET STRING (SIZE (1..32)),
OPTIONAL



hessid






OCTET STRING (SIZE (6)),

OPTIONAL


}


 













OPTIONAL,


measResult





SEQUENCE {



beaconRssiResult



INTEGER (0..255)


channelUtilizationResult

WLAN-backhaulRate

OPTIONAL,



backhualRateDlResult


INTEGER (0..255)

OPTIONAL,



backhualRateUlResult


INTEGER (0..255)

OPTIONAL,



...,


}

}
Proposal 7: The measurement result for each AP is linked by APID (e.g. BSSID and SSID/HESSID optionally) and measurement result (e.g. beaconRSSIResult and channelUtilizationResult/ backhaulRateDl/UlResult optionally).
3 Conclusion
Based on the analysis, there are the following observations and proposals: 
Proposal 1: WLAN measurement configuration and reporting through LTE air interface can be as baseline for initial WLAN measurement framework.
Proposal 2: WLAN measurement configuration includes WLAN measurement objects, WLAN reporting configurations, WLAN quantity configurations, optionally WLAN measurement identities.
Proposal 3: WLAN measurement object can include WLAN carrier frequencies and WLAN Ids (SSID/BSSID/HESSID). 
Proposal 4: The candidate WLAN measurement events can include event W1, W2, W3, W4, W5, optionally W6, W7 and W8.

Proposal 4-1: The candidate WLAN measurement events can support both joint evaluation of several WLAN metrics and the evaluation of single WLAN metric.
Proposal 5: WLAN reporting configuration can support both periodical and event-triggered reporting and relevant configuration (e.g. triggerQuantity, reportQuantity, maxReportAPs, reportInterval, reportAmount, etc.).
Proposal 6: WLAN quantity configuration can include WLAN Beacon RSSI, WLAN channel utilization and Backhaul available downlink/uplink bandwidth as baseline.

Proposal 7: The measurement result for each AP is linked by APID (e.g. BSSID and SSID/HESSID optionally) and measurement result (e.g. beaconRSSIResult and channelUtilizationResult/ backhaulRateDl/UlResult optionally).
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