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1. Introduction
Rel-13 LTE-WLAN interworking enhancement (LWI) is based on the Rel-12 WLAN interworking, measurement events are required to help the network to control the interworking. Meanwhile, LTE-WLAN Aggregation (LWA) also requires some measurement events, both of them will be discussed in this contribution.
After introduction of WLAN mobility set, UE does not need to notify eNB the change of the serving AP while UE moves in current WLAN mobility set, the UE mobility in the current WLAN mobility set can totally reuse the existing WLAN mobility procedures. The measurement events for LWI and LWA should also take account for the WLAN mobility set. 
2. Discussion
2.1. Requirements of WLAN measurements
2.1.1 Rel-12 RAN rules for WLAN interworking

Rel-12 RAN rules for WLAN interworking has been standardized, chapter 5.6 of 3GPP TS 36.304 [1]. The following texts are captured from that spec. 

The rules in this sub-clause are only applicable for WLAN for which an identifier has been signaled to the UE by E-UTRAN and the UE is capable access network selection and traffic steering rules. Details can be referred to [1].
The upper layers in the UE shall be notified when and for which WLAN identifiers the following conditions 1 and 2 for steering traffic from E-UTRAN to WLAN are satisfied for a time interval TsteeringWLAN:

1. In the E-UTRAN serving cell:

RSRPmeas < ThreshServingOffloadWLAN, LowP; or
RSRQmeas < ThreshServingOffloadWLAN, LowQ; 
2. In the target WLAN:
ChannelUtilizationWLAN < ThreshChUtilWLAN, Low; and
BackhaulRateDlWLAN > ThreshBackhRateDLWLAN, High; and

BackhaulRateUlWLAN > ThreshBackhRateULWLAN, High; and 

BeaconRSSI > ThreshBeaconRSSIWLAN, High; 

The upper layers in the UE shall be notified when the following conditions 3 or 4 for steering traffic from WLAN to E-UTRAN are satisfied for a time interval TsteeringWLAN:

3. In the source WLAN:

ChannelUtilizationWLAN > ThreshChUtilWLAN, High; or
BackhaulRateDlWLAN < ThreshBackhRateDLWLAN, Low; or

BackhaulRateUlWLAN < ThreshBackhRateULWLAN, Low; or

BeaconRSSI < ThreshBeaconRSSIWLAN, Low;

4. In the target E-UTRAN cell:

RSRPmeas > ThreshServingOffloadWLAN, HighP; and

RSRQmeas > ThreshServingOffloadWLAN, HighQ;
Observation 1: For Rel-12 WLAN interworking, traffic steering from LTE to WLAN is triggered when quality of LTE becomes worse than a threshold and the WLAN is good enough; when quality of LTE becomes better than a threshold or quality of WLAN turns worse to a certain level, steer the traffics back to LTE.
2.1.2 Requirements of Measurements for Rel-13 LWI
Aligned with RAN rules of Rel-12 interworking, the following 3 measurement events are required for Rel-13 LWI:

1. Need an event to trigger traffic steering from LTE to WLAN(Based on the conditions 1 and 2 in section 2.1)
a)  3GPP Cell’s radio quality becomes worse than threshold 1 and WLAN’s radio quality becomes better than threshold 2
2. Two events to trigger traffic steering from WLAN to LTE (Based on the condition 3 or 4 in the section 2.1)
a) WLAN becomes worse than a threshold 
b) 3GPP Cell’s radio quality becomes better than a threshold 
The Rel-12 rules can not cover the UE mobility case, new measurement events may be required to support the mobility of UE between different APs. After introducing of WLAN mobility set, the UE mobility in the network selected WLAN mobility set can be transparent to the eNB. So only need to take care of the inter-set UE mobility, or call it WLAN mobility set update.  
3. Need an event to support UE mobility across the mobility set.
a) The neighbour APs out of the WLAN mobility set become better than all the APs in the mobility set
2.1.3 Requirements of Measurements for LWA
The trigger of LWA activation and deactivation are not totally same as interworking. The activation and deactivation of LWA only cares about the quality of WLAN, no matter 3GPP is good or not. 

Considering the LWA activation, deactivation, mobility among APs, the following events are required:

1. Need an event to trigger the activation of LWA

b) WLAN becomes better than a threshold for a time interval
2. Need an event to trigger the deactivation of LWA

c) WLAN becomes worse than a threshold for a time interval 
3. Need an event to support the UE mobility across the WLAN mobility set (mobility in the mobility set does not require the measurement event as it’s transparent to the eNB )

d) The non-set APs become better than the best available AP in current WLAN mobility set.
Observation 2: Only the qualities of WLAN need to be considered to activate or deactivate LWA. 
2.2. Definition of measurement events 
Base on the analysis above, we need do define the measurement events for LTE-WLAN interworking and aggregation. We also take the WLAN mobility set into account, and define the measurement events as below:

	Event
	Description
	Scenarios

	W1
	WLAN becomes better than a threshold for a time interval
	To activate LTE-WLAN aggregation

	W2
	WLAN becomes worse than a threshold for a time interval 
	To trigger traffic steering from WLAN back to LTE;
Or to trigger deactivation of WLAN aggregation

	W3
	3GPP Cell’s radio quality becomes worse than threshold1 and WLAN’s radio quality becomes better than threshold2 for a time interval 
	To trigger traffic steering from LTE to WLAN

	W4
	3GPP Cell’s radio quality becomes better than a threshold for a time interval 
	To trigger traffic steering from WLAN back to LTE

	W5
	Existing non-set AP(s) which Radio quality > Radio quality of the best available AP in current WLAN mobility set + offset.
Note: the non-set APs are all based on the configuration of eNB, e.g. Frequency + SSID.
	To trigger WLAN mobility set update when UE mobility across the current WLAN mobility set, the event should be applicable for both LWI and LWA.


Note: non-set APs means the measured WLAN APs which are not the scope of the current WLAN mobility set.
Base on the table above, list some proposals for measurement events as below:
Proposal 1: The following measurement events are suggested to be included for LWA and LWI.
1) W1 “WLAN becomes better than a threshold for a time interval”, e.g. this event may be used to activate LWA.
2) W2 “WLAN becomes worse than a threshold for a time interval”, e.g. this event may be used to trigger deactivation of LWA or traffic steering from WLAN to LTE.

3) W3 “3GPP Cell’s radio quality becomes worse than threshold1 and WLAN’s radio quality becomes better than threshold2 for a time interval”, e.g. this event may be used to trigger the traffic steering from LTE to WLAN.

4) W4 “3GPP Cell’s radio quality becomes better than a threshold for a time interval”, e.g. this event may be used to trigger the traffic steering from WLAN to LTE.

5) W5 “Existing non-set AP(s) which Radio quality > Radio quality of the best available AP in current WLAN mobility set + offset”, e.g. this event may be used when UE mobility across the current WLAN mobility set for both LWA and LWI.

For LWI:

W3 shall be configured to UE after eNB gets the capability of UE, if conditions of W3 are satisfied the measurement report will be sent towards eNB from the UE. Upon receiving the W3 event, the eNB may start traffic steering from LTE to WLAN. (Except the info from W3 report, the eNB may also consider some info obtained from Xw interface.)

W2 and/or W4 may be configured after traffic steering to WLAN, eNB may decide to steer back the traffic to LTE when W2/W4 is triggered.
W5 may be configured after traffic steering to WLAN, if the conditions of W5 are satisfied, he measurement report (W5) will be sent to the eNB, then eNB may generate a new WLAN mobility set based on the measurement report and reconfigure the new mobility set to the UE. That will support UE mobility across the WLAN mobility set.

Observation 3: Whether need to define event W4 still need FFS. Maybe the existing LTE measurement event A1 (Serving becomes better than threshold) can be reused here.

Proposal 2: The measurement events W2, W3, W4 and W5 shall be considered for LWI.
For LWA:

W1 shall be configured to UE after eNB gets the capability of UE, if conditions of W1 are satisfied the measurement report will be sent towards eNB from the UE. Upon receiving the W1 event, the eNB may decide to activate LTE-WLAN aggregation and start the procedure by sending a dedicated signaling message to UE which carries the WLAN mobility set selected by the eNB. (How to generate/select the WLAN mobility set is not the scope of this contribution.)
W2 and W5 should be configured to UE after LWA is activated. 

If the conditions of W2 are satisfied, the measurement report (W2) will be sent to the eNB, and then eNB may decide to deactivate the ongoing LWA procedures, move all the DRBs back to LTE by sending RRCConnectionReconfiguration message to UE.

If the conditions of W5 are satisfied, he measurement report (W5) will be sent to the eNB, and then eNB may decide to update the WLAN mobility set, e.g. addition of new APs, removal of some old APs. And then reconfigure the new WLAN mobility set to the UE. That will support UE mobility across the WLAN mobility set.

Proposal 3: The measurement events W1, W2 and W5 shall be used for LWA.

2.3. Contents of Measurement configuration and Report 
2.3.1 Measurement configuration for WLAN
WLAN related measurement configuration shall be included in RRCConnectionReconfiguration message. Similar to IE “MeasConfig”, a new Rel-13 IE shall be introduced for the configuration of WLAN measurement, it can be named “WLAN-MeasConfig”. 
WLAN-MeasConfig ::=





SEQUENCE {


-- WLAN Measurement objects


wlanMeasObjectToRemoveList

WlanMeasObjectToRemoveList


OPTIONAL,
-- Need ON


wlanmeasObjectToAddModList

WlanMeasObjectToAddModList


OPTIONAL,
-- Need ON


-- WLAN Reporting configurations


wlanReportConfigToRemoveList
WlanReportConfigToRemoveList

OPTIONAL,
-- Need ON


wlanReportConfigToAddModList
WlanReportConfigToAddModList

OPTIONAL,
-- Need ON


-- WLAN Measurement identities


wlanMeasIdToRemoveList


WlanMeasIdToRemoveList


OPTIONAL,
-- Need ON


wlanMeasIdToAddModList


WlanMeasIdToAddModList



OPTIONAL,
-- Need ON


}

Proposal 4: Similar to IE “MeasConfig”, a new Rel-13 IE “WLAN-MeasConfig” shall be introduced for the configuration of WLAN measurement.

In the first WLAN measurement configuration, UE and eNB have no knowledge of WLAN mobility set, eNB shall configure SSID + Band and or Channel to UE for WLAN measurement configuration. UE can detect the APs with the measurement configuration, and trigger the report if some APs it detected can satisfy the conditions of the event (e.g. beacon RSSI > a threshold).

The eNB may generate a group of APs (called WLAN mobility set) base on the measurement report and or the information eNB got from WT. Then eNB may start the LWI/LWA procedure by sending RRCConnectionReconfiguration Message to UE, in which the mobility set will be indicated with WLAN Identifiers (BSSID /SSID/HESSID) and or the channel info of the APs. Meanwhile, the MeasObject for WLAN will also be configured to the UE; the WLAN mobility set info is not needed to be included in the MeasObject to avoid the duplication and waste.

Observation 4: No need to explicitly configure the WLAN mobility set in the measurement configuration.

So, WLAN measurement configurations only need to focus on the neighbour APs out of the WLAN mobility set. Here list three options for the measurement configuration:

Option 1: Configure all the APs been transferred from WT(s) via Xw interface
Configure a full list of WLAN Identifiers (BSSID/SSID/HESSID) seems impossible when hundreds or thousands of APs associated to an eNB.

Option 2: Only configure a short list of neighbour APs out of the WLAN mobility set
That requires eNB to have the knowledge of UE location and the topology of the WLAN networks, thus the eNB can filter out some of the APs from the AP list according to the location of UE and the coverage of the APs. And then the eNB shall only configure a few APs in the MeasObject to a specific UE.

Option 3: Configure SSID + Frequency (Country, Band class, Channel)
That means not to explicitly indicate WLAN identifiers for each AP; UE shall detect and report the APs according to “SSID + Frequency”.  Doing this can greatly reduce the size of the measurement configuration, as there used to be only one or a short list of SSID for an operator, using band class and or channel info can help UE to quickly detect the APs.
Proposal 5: The configuration of WLAN measurement should not explicitly indicate identifiers of all the APs associated with an eNB, “SSID + Frequency” solution can be considered. 

The configuration with option 3 can be illustrated with the following “ASN.1 syntax”:

MeasObjectWLAN ::=




SEQUENCE {


SSIDInfoList




SSIDInfoList,
}

SSIDInfoList ::=



SEQUENCE (SIZE (1..maxSSID)) OF SSIDInfo
SSIDInfo ::=
SEQUENCE {


SSID






SSID,


WLANFrequencyList




WLANFrequencyList, 


OPTIONAL,

-- Need ON
}
WLANFrequencyList ::=


SEQUENCE (SIZE (1..maxFrequency)) OF WLANFrequencyToAddMod
WLANFrequencyToAddMod ::=
SEQUENCE {


country






Country, 




OPTIONAL,

-- Need ON

bandClass





BandClass, 




OPTIONAL,

-- Need ON

channelNumber




ChannelNumber, 



OPTIONAL,

-- Need ON
}

2.3.2 Measurement Report for WLAN
A new IE “ReportConfigWLAN” shall be defined to specify criteria for triggering of a WLAN measurement reporting event. The E‑UTRA measurement reporting events are defined in section 2.2. 
The triggers of each event shall be explicitly indicated in this IE, e.g. “w1-Threshold” defines the threshold for event W1. Whether UE need to report the information except Beacon RSSI shall be explicitly indicated, e.g. “includeChannelUtilization” is used to indicate whether the eNB requires the Channel Utilization info of the reported APs.
Proposal 6: A new IE “ReportConfigWLAN” shall be defined to specify criteria for triggering of WLAN measurement events. 

The assumption of the IE “ReportConfigWLAN” can be illustrated with the following “ASN.1 syntax”.

ReportConfigWLAN information element
-- ASN1START

ReportConfigWLAN ::=



SEQUENCE {


triggerType






CHOICE {



event







SEQUENCE {




eventId







CHOICE {





eventW1







SEQUENCE {






w1-Threshold





ThresholdWLAN




},





eventW2







SEQUENCE {






w2-Threshold





ThresholdWLAN




},





eventW3







SEQUENCE {






w3-Threshold1





ThresholdEUTRA,






w3-Threshold2





ThresholdWLAN




},





eventW4







SEQUENCE {






w4-Threshold





ThresholdEUTRA





},





eventW5







SEQUENCE {






w5-Offset






INTEGER (-30..30)




},




},




hysteresis






Hysteresis,




timeToTrigger





TimeToTrigger



},


},

triggerQuantityOfEUTRA



ENUMERATED {rsrp, rsrq},


reportQuantityOfEUTRA



ENUMERATED {sameAsTriggerQuantity, both},


maxReportAPs





INTEGER (1..maxWlanReport),


reportInterval





ReportInterval,


reportAmount





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

includeChannelUtilization

 
ENUMERATED {true}

OPTIONAL,
-- Need OR


includeBackhaulRate



 
ENUMERATED {true}

OPTIONAL,
-- Need OR


includeAdmissionCapacity
 

ENUMERATED {true}

OPTIONAL,
-- Need OR


includeStationCount


 

ENUMERATED {true}

OPTIONAL,
-- Need OR


...,
}

ThresholdEUTRA ::=




CHOICE{


threshold-RSRP





RSRP-Range,


threshold-RSRQ





RSRQ-Range

}
ThresholdWLAN ::= 




INTEGER (0..63)
}
-- ASN1STOP

Generally, measurements for Rel-13 LWI can refer to the rules of Rel-12 WLAN interworking introduced in section 2.1.1. As agreed that Xw interface is required for LTE-WLAN aggregation and interworking, so eNB can get some knowledge about APs via Xw interface, e.g. BSS load, channel utilization, Backhaul Rate etc.

To make the measurement procedures simple, we can consider only using the beacon RSSI as the trigger of the measurement reports. Except beacon RSSI, the information such as “channel utilization”, “Backhaul Rate” can also be included in the measurement reports, it’s better to add the indicators in the measurement control to indicate whether the eNB really need the assisted information.
Proposal 7: Only beacon RSSI quality need to be considered as the trigger of the WLAN measurement events.

Proposal 8: Beacon RSSI quality is mandatory for WLAN measurement report, whether need to report the other information such as channel utilization, Backhaul Rate shall be explicitly indicated in the measurement configuration.
3. Conclusions
In this contribution, we discuss the measurement events for LWA and LWI and give the following proposals:
Observation 1: For Rel-12 WLAN interworking, traffic steering from LTE to WLAN is triggered when quality of LTE becomes worse than a threshold and the WLAN is good enough; when quality of LTE
Observation 2: Only the qualities of WLAN need to be considered to activate or deactivate LWA.

Observation 3: Whether need to define event W4 still need FFS. Maybe the existing LTE measurement event A1 (Serving becomes better than threshold) can be reused here.

Observation 4: No need to explicitly configure the WLAN mobility set in the measurement configuration.

Proposal 1: The following measurement events are suggested to be included for LWA and LWI.
1) W1 “WLAN becomes better than a threshold for a time interval”, e.g. this event may be used to activate LWA.

2) W2 “WLAN becomes worse than a threshold for a time interval”, e.g. this event may be used to trigger deactivation of LWA or traffic steering from WLAN to LTE.

3) W3 “3GPP Cell’s radio quality becomes worse than threshold1 and WLAN’s radio quality becomes better than threshold2 for a time interval”, e.g. this event may be used to trigger the traffic steering from LTE to WLAN.

4) W4 “3GPP Cell’s radio quality becomes better than a threshold for a time interval”, e.g. this event may be used to trigger the traffic steering from WLAN to LTE.

5) W5 “Existing non-set AP(s) which Radio quality > Radio quality of the best available AP in current WLAN mobility set + offset”, e.g. this event may be used when UE mobility across the current WLAN mobility set for both LWA and LWI.

Proposal 2: The measurement events W2, W3, W4 and W5 shall be considered for LWI.

Proposal 3: The measurement events W1, W2 and W5 shall be used for LWA.

Proposal 4: Similar to IE “MeasConfig”, a new Rel-13 IE “WLAN-MeasConfig” shall be introduced for the configuration of WLAN measurement.

Proposal 5: The configuration of WLAN measurement should not explicitly indicate identifiers of all the APs associated with an eNB, “SSID + Frequency” solution can be considered. 

Proposal 6: A new IE “ReportConfigWLAN” shall be defined to specify criteria for triggering of WLAN measurement events. 

Proposal 7: Only beacon RSSI quality need to be considered as the trigger of the WLAN measurement events.

Proposal 8: Beacon RSSI quality is mandatory for WLAN measurement report, whether need to report the other information such as channel utilization, Backhaul Rate shall be explicitly indicated in the measurement configuration.
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