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1. Introduction
In the last RAN2 meeting, regarding User plane architecture for LTE-WLAN aggregation (LWA), it was agreed that
We define a DC-like UP interface(GTP-U) between the eNB and the WT[1].

Based on this agreement, this contribution gives a brief analysis on the LWA scenarios and details operations for LTE-WLAN aggregation. 
2. Discussion
2.1. LWA scenarios
In this section, we list the scenarios related to LTE-WLAN aggregation considering mobility scenarios:
Scenario1: WT addition/release/modification without eNB change. These are basic procedures to support LWA operations. All these operations are needed for the scenarios where the eNB manages the connection, e.g. considering the UE radio condition, WT loading etc. 
Scenario2: Intra-eNB change with WT modification. When the serving cell in the eNB is changed inside the serving eNB, the KeNB needs to be refreshed. There was a RAN2 LS sent to SA3 for the detailed solutions for security solution similar as DC for LTE-WLAN aggregation [2].  
Scenario3: WT change without eNB change. This scenario reflects the UE moving between WT coverage areas, but still in the coverage of the serving cell. 
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Figure2.1-1: WT change without eNB HO [3]
Scenario4: Inter-eNB HO with WT release. This is a normal mobility scenario, while the UE is changing the serving eNB and the WLAN link is not maintained. 
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Figure2.1-2: Inter-eNB HO with WT release [3]
Scenario5: Inter-eNB HO without WT change. This happens when the UE moves inside a WT coverage area and in the overlapping coverage area for two serving eNB. Therefore, the serving eNB is changed, and the WLAN link could be maintained because the UE is still in the previous WT coverage area. This is similar as MeNB handover without SeNB change, which is currently discussed in DC enhancements WI. 

[image: image3.emf]eNB1

LTE Uu

Wifi

Moving direction

WT

eNB2


Figure2.1-3: Inter-eNB HO without WT change [3]
Scenario6: Inter-eNB HO with WT change. This is similar as scenario 4. The difference is that the target eNB may decide to also start the LWA for the UE during the handover. Similar use case is under discussion in DC enhancements WI.  
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Figure2.1-4 inter-eNB HO with WT change [3]
As explained in the text, it is natural to support scenario 1,2,3,4 for LTE-WLAN aggregation. However, the scenario 5 and 6 could be seen as an optimization for some special cases, which could be discussed after the basic scenario discussion are finished. Therefore we propose: 
Proposal 1: It is proposed RAN3 to prioritize the discussion for the following mobility:
Scenario1:WT addition/modification/release/change without HO

Scenario2:Intra-eNB change with WT modification ( FFS depending on SA3 feedback)
Scenario3:WT change without eNB HO

Scenario4:Inter-eNB HO with WT release
2.2. LWA operations
Considering the scenarios listed in section 2.1, the following operations need to be supported:
1. WT Addition

2. WT Modification, including intra-eNB change with WT modification

3. WT Release

4. Change of WT

5. Inter-eNB HO with WT release

The following paragraphs, also the text proposals for stages, give all the signalling flows for these operations in detail:

************************************************************************************************

XX.1.4 LTE WLAN aggregation operation

XX.1.4.1 WT addition

The WT Addition procedure is initiated by the eNB and is used to establish a UE context at the WT in order to transfer data packets from the WLAN to the UE. This procedure is used to add at least the first bearer of UE transmitted over WLAN link. Figure XX.1.4.1-1 shows the WT Addition procedure.
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FigureXX.1.4.1-1: WT addition procedure

0.
The eNB enquires WLAN aggregation related information, e.g. UE capability for WLAN aggregation, UE ID in WLAN network, WLAN measurement results, etc.

1.
The eNB decides to request the WT to utilize WLAN link transmission for the UE. Therefore, it selects the proper AP group for UE, and sends WT Addition Request message to the corresponding WT to establish the GTP-U tunnel between eNB and WT, which is identified by the WLAN MAC address of UE. In addition, the eNB should also inform the WT of the bearer information including bearer ID, eNB GTP Tunnel Endpoint, QoS parameters etc. 

2.
WT responds with WT addition request acknowledge message, which contains the  admitted bearer (e.g., WT GTP Tunnel Endpoint) and not admitted bearer information . 
3.
When the GTP-U tunnel between eNB and WT is ready, the eNB configures the UE with RRCConnectionReconfiguration message carrying the LWA configuration, which includes bearer ID, bearer type and WLAN AP group etc.

4.
The UE applies the configuration and replies to eNB with RRCConnectionReconfigurationComplete message prior to completing WLAN association and authentication. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
5.
If the UE fails to associate with the AP(s) configured by the eNB, the UE should inform the eNB of the failure with an appropriate cause value.

XX.1.4.2 WT modification

The WT Modification procedure may be initiated either by the eNB or by WT and be used to modify, establish or release the bearer(s) for LWA, or modify other properties of the UE context within the WT. FigureXX.1.4.2-1 shows an example signalling flow for an eNB initiated WT Modification procedure.
eNB initiated WT modification:
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FigureXX.1.4.2-1: WT modification procedure-eNB initiated

1.
The eNB sends the WT modification request message, which may contain the information of the bearer to be added, and/or modified, and/or released.

2.
The WT responds with WT modification request acknowledge message, which may contain the response of the bearer to be added, and/or modified, and/or released .
3/4. The eNB initiates the RRC connection reconfiguration procedure. The UE applies the new configuration and replies with RRConnectionReconfigurationComplete. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
WT initiated WT modification:

The WT uses the procedure to perform configuration changes of the bearer info, e.g., to trigger release of bearer(s). The eNB cannot reject the bearer release request from WT. The following Figure shows an example signalling flow for a WT initiated WT Modification procedure. Figure XX.1.4.2-2 shows an example signalling flow for a WT initiated WT Modification procedure.
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Figure XX.1.4.2-2: WT modification procedure-WT initiated

1.
The WT sends the WT Modification Required message, which may contain bearer context related information. For bearer release, a corresponding bearer list is included in the WT Modification Required message.

2. The eNB responds with the WT Modification Confirm message.

3/4. eNB initiates the RRC connection reconfiguration procedure. The UE applies the new configuration and replies with RRConnectionReconfigurationComplete. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
XX.1.4.2.1 Intra-eNB change with WT modification(pending to SA3 response)

This procedure is used to perform handover within the same eNB while maintaining the WT. 
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Figure XX.1.4.2.1-1: intra-eNB handover procedure with WT modification

1.
The eNB sends the WT Modification Request message, which may contain bearer context related information and refreshed key for WLAN authentication.

2.
The WT responds with the WT Modification Request Acknowledge message, which contains bearer characteristics (e.g. bearer ID, WT GTP tunnel endpoint).

3.
The eNB triggers the UE to apply the new configuration including bearer info.

4/5.
The UE synchronizes to the eNB, and replies with RRConnectionReconfigurationComplete message prior to completing WLAN association and authentication. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
XX.1.4.3  WT release

The WT Release procedure may be initiated either by the eNB or by the WT and is used to initiate the release of the UE context at the WT.

eNB initiated WT release:
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Figure XX.1.4.3-1: WT Release procedure – eNB initiated

Figure XX.1.4.3-1 shows an example signalling flow for the eNB initiated WT Release procedure.
1.
The eNB initiates the procedure by sending the WT Release Request message. 

2/3. The eNB indicates in the RRCConnectionReconfiguration message carrying LWA release command towards the UE. 
WT initiated WT release:
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Figure XX.1.4.3-2: WT Release procedure – WT initiated

Figure XX.1.4.3-2 shows an example signalling flow for the WT initiated WT Release procedure. 

1.
The WT initiates the procedure by sending the WT Release Required message which does not contain inter-node message.

2.
The eNB responds with the WT Release Confirm message.

3/4. The eNB indicates in the RRCConnectionReconfiguration message carrying LWA release command towards the UE. 

XX.1.4.4 Change of WT

The WT change procedure is initiated by eNB and used to transfer a UE context from a source WT to a target WT and to change the WT configuration in UE from one WT to another.
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Figure XX.1.4.4-1: Change of WT

Figure XX.1.4.4-1 shows an example signalling flow for the Change of WT:
1.
The eNB initiates the change of WT by requesting the target WT to establish the UE context by means of the WT Addition Preparation procedure. 

2.
Target WT responds with WT addition request acknowledge message, which contain bearer characteristics (e.g. bearer ID, WT GTP tunnel endpoint).

3.
If the tunnel of target WT has established successful, the eNB initiates the release of the source WT tunnel towards the UE. Reception of the WT Release Request message triggers the source WT to stop providing user data to the UE.

4/5.The eNB triggers the UE to apply the new configuration. The eNB indicates the new configuration in the RRCConnectionReconfiguration message towards the UE. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure, and replies with RRCConnectionReconfigurationComplete message prior to completing WLAN association and authentication.
6.
If the UE fails to associate with the AP(s) configured by the eNB, the UE should inform the eNB of the failure with reasons indication.

XX.1.4.5 Inter-eNB HO with WT release
The S-eNB to T-eNB Change procedure is used to transfer context data from a source eNB to a target eNB.
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Figure XX.1.4.5-1: Inter-eNB HO procedure

Figure XX.1.4.5-1 shows an example signalling flow for the Inter-eNB HO procedure:

1.
 The source eNB starts the eNB change procedure by initiating the HO handover preparation procedure. The source eNB may include the UE WLAN MAC address in the handoverPreparationinformation.

2.
The target eNB includes the field in HO command which releases LWA configuration, and may also provide forwarding addresses to the source eNB. The addition of a WT can be initiated only after completing HO.

3.
 If the allocation of target eNB resources was successful, the source eNB initiates the release of the source WT tunnel. Reception of the WT Release Request message triggers the source WT to stop providing user data to the UE.

4.
The source eNB triggers the UE to apply the new configuration.

5/6.The UE synchronizes to the target eNB.

***********************************************************************************************

Proposal 2: It is proposed RAN3 to capture the TPs in section 2.2 for 36.300.

3. Conclusion / Proposals
In this contribution, procedures for LTE WLAN aggregation are discussed, and it is proposed RAN3 to agree following proposals

Proposal 1: It is proposed RAN3 to prioritize the discussion for the following mobility:

Scenario1:WT addition/modification/release/change without HO

Scenario2:Intra-eNB change with WT modification ( FFS depending on SA3 feedback)

Scenario3:WT change without eNB HO

Scenario4:Inter-eNB HO with WT release

Proposal 2: It is proposed RAN3 to capture the TPs in section 2.2 for 36.300.
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