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1 Introduction

Although significant progress was made on LWA (LTE-WLAN Aggregation) during RAN2#92 with the approval of 36.300 CR [1] and the endorsement of the 36.331 CR [2], RAN2 was not able to make progress on RCLWI (RAN Controlled LTE-WLAN Interworking) much due to lack of time.
In this contribution we discuss on UE behaviour in RRC_IDLE during RCLWI.
2 Rationale
RAN2 had e-mail discussion to resolve remaining issues on RCLWI (including UE behaviour in IDLE), but was not able to conclude it [3].
Although many solutions were proposed on the issue, the simplest solution would be to limit Rel-13 RCLWI feature to RRC_CONNECTED mode only i.e. to leave RRC_IDLE mode to UE implementation. As the name of the feature (i.e. "RAN-controlled" LTE-WLAN interworking) implies, it makes sense to focus only to the RRC_CONNECTED mode, so that E-UTRAN would have a full control.
Proposal 1:
For RCLWI, RCLWI feature is supported RRC_CONNECTED mode only, and leave RRC_IDLE mode to UE implementation.
With proposal 1, the network does not know about UE behaviour in RRC_IDLE mode, so it needs to keep UE in RRC_CONNECTED mode if it still wants to have a control after offloading. However we assume the network behaviour does not have to be specified in the specifications, and can leave it to network implementation.
Proposal 2:
E-UTRAN may keep UE in RRC_CONNECTED mode for RCLWI (leave it to network implementation).

After offloading, the user data exchanged over WLAN is not passing through the eNB. As a result, the eNB will not be aware of the data volume handled by WLAN/WT. I.e. it will not be aware that it might make sense to release the WLAN configuration, saving UE effort/power on WLAN measurements/camping.

In dual-connectivity this problem is addressed by enabling the SeNB to send an SENB MODIFICATION REQUIRED message, in which the SeNB can request release of certain bearers with a cause e.g. set to “user inactivity”. Although an Xw interface will be defined between eNB and WT for the case of LWI, such an interface will only be optional  Furthermore, in the case of LWI the Xw interface only includes non-UE specific signalling so would not be suitable for transporting UE specific activity status information.
Therefore we think it would be good if the network can configure the UE to report low activity levels in WLAN, thus facilitating the eNB to choose a good moment to release the WLAN configuration. In its simplest form, the network would just configure an “inactivity time”, and if during this “inactivity time” no user data are exchanged over WLAN, the UE triggers an inactivity report.
More advanced schemes could be considered, e.g. periodical data volume reporting, or event based reporting when data volume exchanged during a certain time goes below a certain threshold. However for a start, we assume the simplest solution may be sufficient in Rel-13.

Proposal 3:
For RCLWI, UE reports its inactivity to the network if it is configured a “WLAN inactivity time”.

· Whenever the user data is successfully received/transmitted over WLAN, the WLAN inactivity timer is (re-)started.
· When the WLAN inactivity timer expires (i.e. after WLAN inactivity time), the UE transmits a WLAN STATUS message containing a WLAN inactivity indication.
· The eNB may e.g. use this to undo the offload to WLAN or release WLAN measurements.
An example of WLANConnectionStatusReport message is shown in Annex B.

3 Conclusion

RAN2 is requested to discuss and if possible agree on the following proposal:

Proposal 1: 
For RCLWI, RCLWI feature is supported RRC_CONNECTED mode only, and leave RRC_IDLE mode to UE implementation.

Proposal 2: 
E-UTRAN may keep UE in RRC_CONNECTED mode for RCLWI (leave it to network implementation).
Proposal 3:
For RCLWI, UE reports its inactivity to the network if it is configured a “WLAN inactivity time”.

· Whenever the user data is successfully received/transmitted over WLAN, the WLAN inactivity timer is (re-)started.
· When the WLAN inactivity timer expires (i.e. after WLAN inactivity time), the UE transmits a WLAN STATUS message containing a WLAN inactivity indication.
· The eNB may e.g. use this to undo the offload to WLAN or release WLAN measurements.
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Annex B: WLANConnectionStatusReport message example
<Note that the following proposed text is based on our contribution R2-161114>
5.6.X
LTE-WLAN Aggregation

5.6.X.1
Introduction 

E-UTRAN can configure the UE to connect to a WLAN and configure bearers for LWA (referred to as LWA bearers or LWA DRBs). The UE uses the WLAN parameters received from E-UTRAN in performing WLAN measurements and WLAN mobility. 

The UE stores the current WLAN mobility set, which is a non-empty set of WLAN identifiers. This WLAN mobility set can be configured and updated via LWA-Configuration. When the UE receives a new or updated WLAN mobility set, it initiates connection to a WLAN whose identifiers match all WLAN identifiers for at least one entry in the WLAN mobility set, if not already connected to such a WLAN. The UE can perform WLAN mobility within the WLAN mobility set (connect to another WLAN whose identifiers match an entry in the WLAN mobility set) without any signalling to E-UTRAN. The mobility to a WLAN outside the WLAN mobility set may be triggered by WLAN measurement events described in 5.5.4.

The UE reports the WLAN connection status information to E-UTRAN as described in 5.6.X.3. The information in this report is based on the monitoring of WLAN connection as described in 5.6.X.4. 
5.6.X.2
LWA reconfiguration 

5.6.X.2.1
Reception of LWA Configuration 

The UE shall:

1>
if the received lwa-Configuration is set to release:

2>
release the LWA configuration as described in 5.6.X.2.4;
1>
else:

2>
if the received lwa-ConfigPart includes lwa-WT-Counter:

3>
determine the S-KWT key based on the KeNB key and using the received lwa-WT-Counter value, as specified in TS 33.401 [32];

3>
forward the S-KWT to upper layers to be used as a Pairwise Master Key (PMK) for WLAN authentication;

2>
if the received lwa-ConfigPart includes the radioResourceConfigDedicatedLWA:

3>
if the received radioResourceConfigDedicatedLWA includes the drb-ToAddModListLWA:
4>
for each drb-Identity value included in the drb-ToAddModListLWA perform the LWA specific DRB addition or reconfiguration as specified in 5.3.10.3X;
2>
if the received lwa-ConfigPart includes lwa-Mobility:
3>
if the received lwa-Mobility includes wlanToReleaseList: 
4>
for each WLAN-Identifiers included in wlanToReleaseList: 
5>
remove WLAN-Identifiers if already part of the current WLAN mobility set; 
3>
if the received lwa-Mobility includes wlanToAddList: 
4>
for each WLAN-Identifiers included in wlanToAddList: 
5>
add WLAN-Identifiers to the current WLAN mobility set; 
3>
if the received lwa-Mobility includes lwa-AssociationTimer: 
4>
start timer T351 with the timer value set according to the value of lwa-AssociationTimer; 
3>
use the wlan-MobilitySet as the new WLAN mobility set; 
NOTE 1:
Matching WLAN-Identifiers requires that all WLAN identities should be same.

5.6.X.2.2
Successful Association Report triggering 

The UE shall:

1> if timer T351 is running and WLAN connection is successful:

2> stop T351;

2> perform WLAN Connection Status Reporting procedure in 5.6.X.3 for reporting connection success; 

5.6.X.2.3
T351 Expiry (WLAN Connection Timeout) 

The UE shall:

1>
if T351 expires:

2> perform WLAN Connection Status Reporting procedure in 5.6.X.3 for reporting connection failure; 

5.6.X.2.4
Release of LWA Configuration

The UE shall:

1> for each LWA  bearer that is part of the current UE configuration:

2>
release the LWA-ConfigPart configuration; 
2>
perform PDCP data recovery for the bearer;
1>
stop timer T351, if running: 
5.6.X.3 
WLAN Connection Status Reporting 

5.6.X.3.1 
General
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Figure 5.6.X.3.1-1: WLAN Connection Status Reportin
The purpose of this procedure is to inform E-UTRAN about the status of WLAN connection for LWA. 

5.6.X.3.2  
Initiation

The UE in RRC_CONNECTED configured for LTE-WLAN Aggregation initiates the WLAN status reporting procedure when it connects successfully to a WLAN or its connection to the WLAN fails.
5.6.X.3.3   Actions related to transmission of WLANConnectionStatusReport message

The UE shall set the contents of the WLANConnectionStatusReport message as follows:

1> if  the WLANConnectionStatusReport is used to report the WLAN connection is successful:

2> set the wlan-status to successfulAssociation;

2> 
set the wlan-Identifiers to the identifiers corresponding to the successfully connected WLAN AP; 
1> if the WLANConnectionStatusReport is used to report WLAN connection failure:
2> if the failure is due to WLAN radio link issues:

3>
set the wlan-status to failureRadioLink;

2>
else if the failure is due to internal UE problems related to WLAN (e.g. connection to another WLAN based on user preferences or user turning off WLAN connection):

3>
set the wlan-status to failureInternal;

2>
else if the failure is due to connection rejection from WLAN:

3>
set the wlan-status to failureConnReject;

2>
set wlan-Identifiers to the identifiers corresponding to the latest successfully connected WLAN AP of the current WLAN mobility set if any;
1>
if the WLANConnectionStatusReport is used to report data inactivity on the WLAN connection:  

2>
set the wlan-status to inactivityTimerExpiry;

2> 
set the wlan-Identifiers to the identifiers corresponding to the successfully connected WLAN AP; 
1>
submit the WLANConnectionStatusReport message to lower layers for transmission, upon which the procedure ends;

5.6.X.4
 WLAN Status Monitoring

The UE shall:

1> if a WLAN mobility set is configured and 

1> if WLAN connection fails and a WLAN Connection Status Reporting procedure reporting connection failure has not been performed since the latest update of the WLAN mobility set: 
2>
stop timer T351, if running

2>
perform WLAN Connection Status Reporting procedure in 5.6.X.3 for reporting connection failure;

1> if a WLAN mobility set is configured, lwi-DataInactivity is configured and

1> the WLAN connection has been successful during the latest lwi-DataInactivity seconds,  no data PDU’s were received via WLAN during this time, and no data inactivity has been reported in the latest lwi-DataInactivity seconds:

2> perform WLANConnectionStatusReporting procedure in 5.6.X.3 for reporting data inactivity; 

<Next Change >
–

WLAN-Status
The IE WLAN-Status indicates the current status of WLAN connection for LWA. The values are set as described in Section 5.6.X.3 and 5.6.X.5.
WLAN-Status information element
-- ASN1START

WLAN-Status-r13 ::=

ENUMERATED {successfulAssociation, failureRadioLink, failureInternal,








failureConnReject, inactivityTimerExpiry, spare1,...}
-- ASN1STOP
<Next Change >
<Assuming Mobility information is applicable to LWA, RCLWI and LWI>
wlan-ConfigPart-r13 ::=
SEQUENCE {



wlan-Mobility-r13


WLAN-Mobility-r13

OPTIONAL,

-- Need ON

lwa-WT-Counter-r13



INTEGER (0..65535)


OPTIONAL,
-- Need ON

lwi-DataInactivity



INTEGER (1..1024)


OPTIONAL,   -- Need ON


...
}
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