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1. Introduction
In the last RAN plenary meeting (RAN#67), the Work Item: LTE-WLAN Radio Level Integration and Interworking Enhancement has been approved. The scope of the WI includes both interworking (also known as the Solution 3 in Rel-12 Study Item: 3GPP/WLAN Radio Interworking), and the integration/aggregation/carrier aggregation/CA, as the name of WI indicates.

For the interworking, the following requirements are described in the WID [1]:

	…
3.
Solutions for aggregation should not require WLAN-specific CN nodes and CN interfaces, i.e. WLAN aggregation 
should be transparent to EPC. Solutions for interworking enhancement should not require additional WLAN-specific 
CN nodes and CN interfaces and additional CN signalling.
…
7.
Solutions for inter-working enhancement should build upon LTE/WLAN interworking studied in Release-12.


In this contribution, we provide the general operational procedure and required parameters for each message for LTE-WLAN interworking.
2. Discussion
2.1 Solution 3 in Rel-12 Study Item: 3GPP/WLAN Radio Interworking
During Rel-12, some companies proposed the network-controlled 3GPP-WLAN Radio Interworking, which was captured as Solution 3 in Section 6.1.3 of TR 37.834 [2]. In the TR, the following steps are captured for the Solution 3 of 3GPP/WLAN Radio Interworking.

	Step 1.
Measurement control: The eNB/RNC 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.
Traffic steering: The eNB/RNC sends the steering command message to the UE to perform the traffic steering based on the reported measurements and loading in the RAN.  
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Figure 6.1.3.1-1: Solution 3: Traffic steering for UEs in RRC CONNECTED/CELL_DCH state


We think the above steps are also valid for Rel-13 RAN solution, and can be extended as shown in Figure 1.
2.2 Overall operational procedure for Rel-13 LTE-WLAN interworking
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Figure 1 Example of sequence of addition and release of WLAN cell for the LTE-WLAN interworking

In Step 1, UE indicates its capability to the network. In the message, UE indicates the support of the feature. Even though this contribution only considers interworking, RAN2 needs to discuss whether to have separate capability bits for interworking and integration.
In addition to the support of the feature, it would be good to indicate UE's WLAN capability (e.g. supported WLAN bands, etc.) for the measurement configuration. That is, the network can configure the valid WLAN measurement based on UE's capability. For instance, the network should not configure measurement for 5 GHz if UE only supports 2.4 GHz WLAN.
Proposal 1: To have separate capability bits for interworking and integration.

Proposal 2: To include WLAN capabilities (e.g. supported WLAN bands) in the capability signalling.
In Step 2, UE indicates that LTE-WLAN interworking is possible. In RRC_CONNECTED, E-UTRAN typically does not configure functionality (presently) not supported by the UE rather than the UE (temporarily) rejecting a re-configuration request. From this perspective it would be desirable for eNB to be made aware whether UE can currently accomodate LTE-WLAN interworking (i.e. WLAN is on).

Proposal 3: UE indicates the network whether LTE-WLAN interworking is possible by e.g. a new RRC message.
In Step 3, after receiving UE's capability, the network may configure the UE to perform WLAN measurements. The network should indicate specific targets (objects) and events for the measurements. We can reuse the existing measurement framework for WLAN measurements, but followings are missing in the current specification.
· Measurement Object

· Carrier frequency of ISM bands
· Whitelist of WLAN APs (BSSID/SSID/HESSID)

· Report Configuration

· New triggering criteria
· (Beacon) RSSI

· Channel Utilizations and DL/UL backhaul throughput (adopted in Rel-12)
Although most parameters are straight-forward, but carrier frequency information seems not: in WLAN specification, the combination of the Country, Operating Class and Channel Number fields together specify the channel frequency and spacing (bandwidth) [4]. Thus, 3GPP should also use this combination to indicate the specific channel. We also have similar case for CDMA2000, and use the numerology from their specification (i.e. combination of BandclassCDMA2000 and ARFCN-ValueCDMA2000 to indicate the CDMA2000 carrier frequency within a CDMA2000 band).
Proposal 4: To use the WLAN numerologies (e.g. combination of 'Country', 'Operating Class', and 'Channel Number') to indicate the WLAN carrier frequency (same principle as for CDMA2000).
In Steps 4 and 7, after E-UTRAN configures UE to perform WLAN measurements, UE reports WLAN measurements results. The results should include WLAN cell identity (BSSID and corresponding SSID/HESSID if configured) and measured values (e.g. RSSI, Channel Utilizations and DL/UL backhaul throughput).
In Steps 5 and 8, using the measurement reports, E-UTRAN configures the UE to steer the traffic to/from WLAN. When E-UTRAN commands to steer the traffic to WLAN, the configuration should include target bearers (corresponding APN) and target WLAN identifiers (BSSID) to move the traffic correctly. On the unit of granularity (bearer/APN) we provide the details in the separate contribution [3].
In Step 6, after receiving steering command from the network, UE tries to connect to WLAN (authentication/ association), and send CN signalling to the CN. After completion of CN signalling, UE exchanges data with WLAN AP for the corresponding APN.
Following table summarizes required parameters for each step in Figure 1.
	Step
	General description
	Possible parameters in the signalling

	1
	UE capability transfer
	· Support of the feature

· WLAN capability (supported WLAN bands)

	2
	UE indicates that LTE-WLAN interworking is possible
	· WLAN activity

	3
	E-UTRAN configures the UE to perform WLAN measurements
	· Object details:
WLAN frequency/ channels, whitelist of cells (SSID/HESSID/BSSID)
· Report details:
Trigger criteria (RSSI, load, backhaul throughput), information to be reported

	4
	UE initiates measurement report
	· WLAN cell identity (BSSID and its SSID/HESSID), RSSI, Channel Utilization, DL/UL backhaul throughput

	5
	E-UTRAN configures the UE to steer the traffic to WLAN
	· Bearer ID (corresponding APN: see [3])

· UE is configured with a single SCG WLAN cell. The UE may furthermore be configured with split or SCG DRBs

· UE is assumed to respond prior to completing WLAN association (i.e. as in DC)

	6
	UE performs WLAN association, and CN procedures for binding update with PDN-GW
	· (will follow IEEE and CN specifications)

	7
	UE initiates measurement report
	· (Same as step 3; to determine moving back to LTE)

	8
	E-UTRAN configures the UE to steer the traffic to WLAN
	· (Same as Step 4, but only Bearer ID)


Proposal 5: To agree and capture the proposed procedure and corresponding parameters for Stage-3.

3. Conclusion

Proposal 1: To have separate capability bits for interworking and integration.

Proposal 2: To include WLAN capabilities (e.g. supported WLAN bands) in the capability signalling.

Proposal 3: UE indicates the network whether LTE-WLAN interworking is possible by e.g. a new RRC message.
Proposal 4: To use the WLAN numerologies (e.g. combination of 'Country', 'Operating Class', and 'Channel Number') to indicate the WLAN carrier frequency (same principle as for CDMA2000).

Proposal 5: To agree and capture the proposed procedure and corresponding parameters for Stage-3.
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