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1 Introduction
During RAN#67, a work item (WI) [1] on LTE and WLAN integration was approved. In particular, the WI description (WID) includes a list of possible benefits, associated requirements and objectives pursued for this type of integration.

Possible benefits include making the WLAN access transparent to the core network (CN), using LTE as a reliable control and mobility anchor, as well as enabling dynamic resource management across WLAN and LTE “to provide significant capacity and QoE improvements”.

Requirements associated to this type of integration include improving mobility to/from WLAN, improving network control of WLAN offload and improving overall UE throughput using both LTE and WLAN.

During RAN2#89bis, it was agreed that for “WLAN+LTE aggregation PDCP PDUs are generated by the eNB PDCP entity” in the downlink and “transferred to the UE PDCP entity via LTE RLC/MAC and/or the WLAN”, that “the only CN interface is S1 terminated at the eNB” and finally that only a connection to the eNB is required for the WLAN Logical Node (WLN) for aggregation (FFS for authentication) [2].
In other words, for LTE+WLAN aggregation all user plane bearers are anchored at the eNB (common for both alternatives 2C and 3C) i.e. with or without downlink split. It was agreed that aggregation will support uplink transmission using LTE, other alternatives being of second priority [2].

During RAN2#89bis, it was further agreed that “LTE/WLAN Aggregation should support multiple bearer transmission per UE via WLAN” using a multiplexing mechanism without impact to the WLAN MAC specification [2].

During RAN2#90, it was agreed to “define a DC-like UP interface (GTP-U) between the eNB and the WT” and that for “LTE-WLAN aggregation, flow control runs between WT and eNB”. It was further agreed that “for 3C-mode LTE-WLAN aggregation, the Rel-12 PDCP reordering behaviour is adopted”. In other words, for split bearers, PDCP sublayers supports in-sequence delivery of upper layer PDUs based on Dual connectivity reordering procedure. Note that from RAN2 #90, the term “WT” for “WLAN Termination” logical node is used instead of “WLN”

During RAN2#90, the followings were also agreed to: “extend the RRM measurement framework by adding WLAN measurement reporting and 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); the eNB may configure measurement objects for WLAN measurements; RAN2 also considers the interface for directly providing metrics such as BSS load from WLAN to eNB as beneficial (for the deployments where an interface is feasible) and suggests RAN3 to specify it as described in the WID”.

Based on the agreements from RAN2#90, both 3C-mode i.e. per packet offload (bearer split) and 2C-mode i.e. per bearer offload (WLAN-only bearers) will be specified as per the objective of the WID.
This contribution further discusses the reliability of the WLAN for the LTE+WLAN aggregation.

2 Impacts and Handling of WLAN Availability or Failure

Contribution R2-15xxxx [3] discusses the bearer architecture when the UE is configured with LTE+WLAN aggregation. It also proposes to model the WLAN resources in a manner similar as for LTE DC e.g. as WLAN Termination logical node (WT) Cell Group (WCG). It discusses two types of bearers for which traffic may be mapped to the WLAN access: a bearer with downlink split (i.e. DL split DRB) and a WCG-only bearer (i.e. WCG DRB).
The contribution further proposes that both bearer types should be equivalent from a configuration perspective, i.e. both bearer types should have a configuration with a mapping to both a LTE CG (MCG) and to the WCG. However, the bearer types would differ in that concurrent downlink transmissions using both MCG and WCG branches are only possible for the DL split DRB type.
Independently of the agreed modelling for user plane bearers, the eNB must have means to timely determine whether or not the WLAN branch is available for proper routing and/or reconfiguration of the UE for downlink traffic.
· For a WCG DRB and for a DL split DRB mapped to the WCG, service interruption may occur in the downlink when WLAN becomes unavailable.
Contribution R2-15xxxx [4] discusses support for LTE QoS for bearers configured to use a WLAN branch (WCG). The contribution proposes that the network shall have means to support QoS according to all existing LTE QCIs and to guarantee that the performance for such bearers be no worse when compared to a LTE-only bearer.
In particular, such requirement impacts how the eNB can detect failure of the WLAN branch (WCG) for such bearers.

· The impact of WLAN becoming unavailable when configured with LTE+WLAN aggregation should be no worse than the impact of SCG RLF to a SCG DRB when configured with LTE DC.

For LTE R12 DC, the UE initiates the SCGFailureInformation procedure with the proper failureType (i.e. the trigger of the failure) upon detection of radio link failure or upon SCG change failure [7]. This uplink notification was introduced mainly because the concerned error cases cannot be directly observed or detected autonomously by the MeNB in a timely manner. The MeNB must have the means to detect the loss of connectivity for the SCG because it terminates the RRC and such error cases may only be resolved using the RRC Reconfiguration procedure. Without UE assistance, recovery for SCG RLF would be unnecessarily and unacceptably delayed by the additional time required by the SeNB to detect the failure and by the additional time associated to inter-eNB signaling over X2 to inform the MeNB. Furthermore, different SeNB implementation may detect such problem differently: it can generally detect when it no longer receive any transmissions from the UE in the uplink but it may not determine the proper cause immediately e.g. PDCCH misdetection or insufficient transmit power such as induced by a (possibly sudden) change in downlink pathloss; the SeNB implementation may thus initially issue power commands (TPC) to increase the UE’s transmission power, then issue PDCCH order for random access for the PSCell or even make other recovery attempts. Finally, it also cannot be assumed that the MeNB can autonomously detect SCG RLF through other forms of interaction with SCG (e.g. flow control) without unnecessary and unacceptable delay
For LTE+WLAN aggregation, a similar but exacerbated situation can also occur for the WLAN branch (WCG). Similarly as in LTE DC, the eNB cannot directly observe or detect autonomously in a timely manner sudden changes in WLAN availability. It is further unclear if the eNB can solely rely on configured measurements to provide a timely indication that the UE may no longer have a suitable radio link for the WLAN access because 3GPP is unlikely to enforce strict measurement requirements for the UE WLAN part. It may not either be assumed that the eNB could even rely on the WT to notify the eNB of such event because the WT itself may not have means to detect in a timely manner (or, at all) that the UE WLAN is no longer in range of the WLAN network, that the user has turned off the WLAN access in the UE or more generally that it no longer capable of receiving any downlink LTE traffic for the configured bearers. Finally, although it has been agreed to specify an interface between the eNB and the WT, it may not be either assumed that the WT has mean to provide such indication over an interface towards the eNB as such interface may not always be available.

· The eNB needs UE assistance to detect that the WLAN access is no longer available for reception of downlink LTE traffic for the UE configured with WLAN aggregation.

Consequently, the following is proposed:
Proposal 1: 
The UE notifies the eNB using RRC signaling when it determines that the WLAN access is no longer available when configured with a WCG and at least one DL split DRB or one WCG-only DRB.
Contribution R2-151476 [5] proposes that the UE initiate the SCGFailureInformation procedure to indicate when the UE leaves the operator WLAN. This is one possibility, in particular if only radio link failure (or equivalently WLAN being no longer available) needs to be reported.

Proposal 2: 
The UE initiates the SCGFailureInformation procedure when it determines that the WLAN access is no longer available when configured with a WCG and at least one DL split DRB or one WCG-only DRB.
Contribution R2-151229 [6] proposed that the UE should send an uplink notification “WLAN Status Indication” to indicate user preference on AP association whenever it is changed, upon request from the eNB before configuring WLAN aggregation or when user input may be required.

Different causes could lead to the WLAN access being no longer available to the UE; the radio link may go below a certain quality, the UE may become out of range of the WLAN operator, the user may set the WLAN to a higher priority WLAN or it may turn off the WLAN access in the UE. Other causes are also possible. Other status information may also be possible. However, from the perspective of LTE, knowledge of the reason why the WLAN becomes unavailable is irrelevant. Indeed, the eNB would be unlikely to trigger different behavior to recover from the situation than to initiate a RRC reconfiguration that removes/modifies the configuration association to the LTE+WLAN aggregation.
Proposal 3: 
The UE indicates as failureType that “WLAN is not available” in the SCGFailureInformation if triggered in relation to the WLAN access.
Furthermore, knowledge of the state of the WLAN in the UE or of a change thereof also has unclear relevance as such may be transient states. If such status indication may be initiated autonomously by the UE, this may lead to significant increase in RRC signaling and may not exceed the purposes or meaning already fulfilled by the SCGFailureInformation procedure. If such status indication may be requested by the eNB, this may be no different than initiating the configuration of a WCG for the concerned UE which would then lead to a trigger of notification using the  SCGFailureInformation procedure in case WLAN would not be available to the UE.
Contribution R2-151476 [5] further proposes that the UE indicates when WLAN is unavailable when a measurement or an operator WLAN is added if the UE is connected to a higher priority WLAN. In other words, the issues raised are whether or not additional uplink notification from the UE is needed for the eNB for measurement configuration and WCG configuration that adds/modifies a WCG.
The eNB configures measurements and/or the WLAN aggregation for the UE. Firstly, if the eNB has only configured WLAN-related measurements for the UE, the eNB can determine from the reception of the uplink notification that indicates that WLAN is not available that it may not expect a measurement report and may then initiate a reconfiguration that removes the concerned measurement(s). However in this case such notification may not be needed: the UE may simply refrain from triggering measurement reporting if WLAN is not available. Alternatively if the UE does provide a WLAN-related measurement report, the UE may subsequently trigger the uplink notification in response to a reconfiguration that adds a WCG. Another alternative could be to handle the reporting of the WLAN status (i.e. available, unavailable) within the measurement framework itself. For example, a new event trigger could be defined for a given WLAN ID such that the UE may transmit a measurement report that indicates that the concerned WLAN(s) is not available, when such is detected. Secondly, if the eNB configures WLAN aggregation (with or without measurements) while WLAN is not available in the UE, the UE may initiate the uplink notification already following reception of the reconfiguration message while ignoring the WLAN reconfiguration part.

· The uplink notification only needs to report that “WLAN is not available” as its single useful cause.
· The UE configured only with WLAN-related measurement (and not with a WCG and/or any bearers for WLAN aggregation) does not need to initiate an uplink notification to report that “WLAN is not available”.

Consequently to the above, the following is further proposed:

Proposal 4: 
The details of how the UE determines that the WLAN access is no longer available are left up to the UE implementation.
3 Conclusion

The following observations are made with respect to LTE+WLAN aggregation:

· For a WCG DRB and for a DL split DRB mapped to the WCG, service interruption may occur in the downlink when WLAN becomes unavailable.

· The impact of WLAN becoming unavailable when configured with LTE+WLAN aggregation should be no worse than the impact of SCG RLF to a SCG DRB when configured with LTE DC.

· The eNB needs UE assistance to detect that the WLAN access is no longer available for reception of downlink LTE traffic for the UE configured with WLAN aggregation.

· The uplink notification only needs to report that “WLAN is not available” as its single useful cause.
· The UE configured only with WLAN-related measurement (and not with a WCG and/or any bearers for WLAN aggregation) does not need to initiate an uplink notification to report that “WLAN is not available”.

Consequently, RAN2 should discuss the above and agree to the following for LTE+WLAN aggregation:

Proposal 1: 
The UE notifies the eNB using RRC signaling when it determines that the WLAN access is no longer available when configured with a WCG and at least one DL split DRB or one WCG-only DRB.
Proposal 2: 
The UE initiates the SCGFailureInformation procedure when it determines that the WLAN access is no longer available when configured with a WCG and at least one DL split DRB or one WCG-only DRB.
Proposal 3: 
The UE indicates as failureType that “WLAN is not available” in the SCGFailureInformation if triggered in relation to the WLAN access.
Proposal 4: 
The details of how the UE determines that the WLAN access is no longer available are left up to the UE implementation.
It may be further discussed whether or not the above you equally apply to the LTE+WLAN interworking part. 
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