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1 Introduction
During RAN2#90, the following agreements were reached for interworking and aggregation:

	Agreements
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.



During RAN2#91, the following agreements were reached further for interworking and aggregation:
	Agreements
1
To have separate capability bits for interworking and aggregation.

2
The UE indicates the supported WLAN bands in the capability signalling for interworking and aggregation.

3
UE is configured with measurements for WLAN using the WLAN numerologies (e.g. 'Country', 'Operating Class', and/or 'Channel Number') (same principle as for CDMA2000).


RAN2 also discussed the possible procedures for interworking enhancement, especially for how to coordinate the traffic steering procedures for UEs in connected mode and idle mode, but there was still no consensus. In this paper, we will provide further analysis and consideration in above regards.
2 Discussion
There could be many usecases involved for LTE-WLAN interworking enhancement procedures considering that UE may be in connected mode or idle mode, and we will only focus on the followings in this paper:

Usecase#1: Traffic steering from LTE to WLAN

Usecase#2: Traffic steering from WLAN to LTE

Usecase#3: Traffic steering between WTs (WT change)

Usecase#4: Moving to aggregation-capable eNB/WLAN AP
In the following sections, we will analyze the above listed usecases in details.

2.1 Usecase#1: Traffic steering from LTE to WLAN
2.1.1 Connected UE steering traffic from LTE to WLAN

The procedure for connected UE steering traffic from LTE to WLAN (Usecase#1) is thought as the baseline procedure for R13 LTE-WLAN interworking enhancement. The simplified call flow is illustrated as Figure 1.
In this call flow, eNB can trigger WT status request at any time in order to get the status information about WLAN APs (e.g. BSS load, backhaul rate, etc).
The failure report for unsuccessful traffic steering could be considered, e.g. eNB can reconfigure WLAN measurement. But there is no need to report for successful traffic steering.
Proposal 1: To adopt the call flow in Figure 1 as the baseline procedure for LTE/WLAN interworking enhancement in 36.300.


[image: image1.emf]UE WT eNB

2a. RRCConnReconfig

(WLAN meas config)

5. WLAN meas report

3a. WT STATUS REQUEST

3b. WT STATUS REQUEST ACK

6. Traffic steering Command

with mobility set of WT

1. UE connects to LTE

4. WT STATUS REPORT

2b. RRCConnReconfigComplete

7. Traffic steering command Ack


Figure 1: Connected UE steering traffic from LTE to WLAN
2.1.2 Idle UE steering from LTE to WLAN
In R12, RAN-assisted WLAN interworking can allow idle UE to do steering between LTE and WLAN based on the WLAN offloading parameters provided in SIB17 and dedicated WLAN offloading parameters through RRC connection reconfiguration message. We understand the intention of R13 interworking enhancement is to allow more eNB control of traffic steering, therefore, it should be desirable for R13 UE to ignore R12 RAN-assisted WLAN offloading parameters, especially for SIB17 since eNB can avoid R12 dedicated WLAN offloading parameters to UE; otherwise, R13 idle UE may steer potential traffic to WLAN following SIB17 parameters without chance to use R13 interworking enhancement mechanism.
If eNB still wants to keep R12 WLAN offloading parameters in SIB17 valid for R12 UEs and even for R13 UEs in some specific scenarios, it could be more flexible to indicate R13 UEs to ignore SIB17 for WLAN offloading. If eNB indicates UE to ignore SIB17, then UE should not steer traffic from LTE to WLAN autonomously except for receiving traffic steering command in LTE connected mode.
Proposal2: The eNB indicates that whether R13 UEs ignores SIB17 or not.
2.2 Usecase#2: Traffic steering back from WLAN to LTE
2.2.1 Connected UE steering traffic from WLAN to LTE
For connected UE, the procedure of steering traffic back from WLAN in R13 can be controlled by eNB, illustrated as Figure 2.
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Figure 2: Connected UE steering traffic from WLAN to LTE
2.2.2 LTE Idle UE steering traffic from WLAN to LTE

In this usecase, we consider how to support LTE idle UE which previously steered traffic from LTE to WLAN based on R13 interworking enhancement mechanism to steer traffic back from WLAN to LTE. The eNB may release LTE connection if all traffics are through WLAN after traffic steering. In order to avoid the eNB losing control fully for idle UE steering traffic back to LTE, some parameters applicable for idle UEs could be desirable.

In R12, dedicated WLAN offload parameters can be delivered through RRC connection reconfiguration, which can be used for the traffic steering in both idle mode and connected mode and from LTE to WLAN and from WLAN to LTE. In R13, for connected mode UEs, eNB can take control of the traffic steering from LTE to WLAN and from WLAN to LTE. It looks unnecessary for connected UEs to support both. But for idle mode UEs, since LTE connection has already been released, eNB can’t take control of the traffic steering to/from WLAN so the rule for idle mode UEs needs to be considered.
As Illustrated in Figure 3, the parameters for idle mode WLAN offload is considered, which can be delivered to UE through eNB.
If eNB releases R13 UEs to idle, then eNB can provide specific idle mode WLAN offload parameters to UE for traffic steering during RRC release procedure..

Proposal 3: The eNB provides idle mode WLAN offloading parameters to UE by RRC Connection Release message for controlling traffic steering from WLAN to LTE in Idle mode.
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Figure 3: LTE Idle UE steering traffic from WLAN to LTE
2.3 Usecase#3: Traffic steering between WTs (WT change)
2.3.1 Connected UE steering traffic between WTs
Based on the agreements of RAN2#90, UE mobility across mobility set (AP group) should be controlled by eNB based on WLAN measurement reports. For connected UE, it looks clear that eNB can take control of the WT change procedure as illustrated in Figure 4. 
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Figure 4: Connected UE steering traffic between WTs
2.3.2 LTE Idle UE steering traffic between WTs

For Idle UE, in order to allow eNB to control UE mobility across mobility set (AP group), UE should trigger LTE connection setup while it detects that serving AP of mobility set is bad enough or neighbour AP is good enough. The possible call flow is illustrated in Figure 5.
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Figure 5: LTE Idle UE steering traffic between WTs
2.4 Usecase#4: Moving to aggregation-capable eNB/ WLAN AP
For smooth switching between interworking enhancement and aggregation, the following scenarios could be considered, as illustrated in Figure 6 and Figure 7, e.g. UE moves from interworking-capable AP to aggregation-capable AP, or UE moves from interworking-capable eNB to aggregation-capable eNB or vice versa.
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Figure 6: UE moving to aggregation-capable AP
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Figure 7: UE moving to aggregation-capable eNB
2.4.1 Connected/Idle UE moving to aggregation-capable AP
In Figure 6, UE moves from interworking-capable AP to aggregation-capable AP and both APs connect to the same eNB. In order to allow eNB to get the information that UE is into the coverage of one AP which is aggregation capable, UE should also measure aggregation-capable APs which could be included as part of WLAN AP lists in WLAN measurement configuration for connected UE or WLAN offload configuration for idle UE.
For connected UE, eNB can make further decision whether to activate aggregation or not based on WLAN measurement reporting relevant to aggregation-capable APs.
Proposal 4: WLAN measurement configuration can include both interworking-capable WLANs and aggregation-capable WLANs simultaneously.
For idle UE moves from interworking-capable AP to aggregation-capable AP, the procedure for Idle UE steering traffic between WTs in section 2.3.2 can be reused assuming that aggregation-capable APs can be configured as part of neighbour WLANs (outside of mobility set).
2.4.2 Connected/Idle UE moving to aggregation-capable eNB
In Figure 7, UE moves from interworking-capable eNB to aggregation-capable eNB.
For connected UE, inter-eNB handover happens. The target eNB may activate aggregation for UE after handover, and the details may depend on RAN3 study further.
For idle UE, in order to allow UE to know to be into the coverage of aggregation-capable eNB, eNB should broadcast one indicator to inform UEs, e.g. aggregation capable indicator. And UE can trigger LTE connection setup while it enters into this aggregation-capable eNB and still has traffic on WLAN. The possible call flow is illustrated as Figure 8.
Proposal 5: The eNB indicates its LTE/WLAN aggregation capability.
Proposal 6: UE initiates LTE connection setup when UE detects aggregation-capable eNB and UE has WLAN link.
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Figure 8: LTE Idle UE moving to aggregation-capable eNB
3 Conclusion
Based on the analysis in this paper, there are the following proposals: 
Proposal 1: To adopt the call flow in Figure 1 as the baseline procedure for LTE/WLAN interworking enhancement in 36.300.
Proposal2: The eNB indicates that whether R13 UEs ignores SIB17 or not.
Proposal 3: The eNB provides idle mode WLAN offloading parameters to UE by RRC Connection Release message for controlling traffic steering from WLAN to LTE in Idle mode.
Proposal 4: WLAN measurement configuration can include both interworking-capable WLANs and aggregation-capable WLANs simultaneously.
Proposal 5: The eNB indicates its LTE/WLAN aggregation capability.
Proposal 6: UE initiates LTE connection setup when UE detects aggregation-capable eNB and UE has WLAN link.
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