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1
Introduction
In RAN#67 meeting, a new WID was approved as “LTE-WLAN Radio Level Integration and Interworking Enhancements” [1]. The objectives of this work item are to define LTE-WLAN aggregation and interworking enhancement solutions addressing the co-located and non-co-located scenarios where aggregation solution is based on the Release-12 Dual Connectivity.
This contribution gives some analysis on C-plane architecture and procedure for WLAN aggregation. 
2
Discussion
2.1
The possible C-plane Architecture
In order to support LTE and WLAN aggregation, a new interface Xw needs to be introduced between eNB and WT. According to the WID, the solutions for aggregation should be built based on Rel-12 Dual Connectivity architecture. Therefore, the general architecture for C-plane could be interpreted as Figure 1.
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Figure 1: The C-plane architecture for WLAN aggregation 

With this C-plane architetrue, the eNB decides which bearers need to be transmitted in the WLAN network based on some information, e.g. QoS, WLAN signal quality, the load status of LTE and/or WLAN, etc.The eNB generates the RRC messages and sends towards the UE with WLAN aggregation related configuration. 
Proposal 1:
Adopt the C-plane architectures shown in Figure 1 for LTE-WLAN aggregation.

It is obvious that it is eNB responsibility to perform C-plane functionalities on air interface. And SRBs should be transmitted complete via Uu interface between eNB and UE.
Proposal 2:  eNB is responsible to perform C-plane functionalities on air interface and SRBs should be transmitted complete via Uu interface between eNB and UE.
2.2
The Xw interface functionalities between eNB and WT
The Xw is a new interface introduced into 3GPP specification. Generally, the global procedure on Xw should be supported. However, this part could be left to RAN3 to discuss. Except that, the fuctionalities related to a specific UE could be discussed in this stage. It is assumed to take Rel-12 dual connectivity as baseline, and then the following fuctionalities could be introduced.
1)
Establishment, maintenance and release of the EPS bearers which are split/steered into WLAN network for a specific UE.

2)
Control of user plane paths between eNB and WT for a specific UE.

-
For U-plane option 3C/2C for a specific UE.
-
For data forwarding.

Proposal 3: It is proposed to introduce the above functionalities on Xw interface.
For bullet 1) above, an issue that needs to be discussed is whether WT is allowed to manage the radio resources for the EPS bearers. There are two alternatives to be taken into account:

Alt1: eNB controls completely the establishment, modification and release of the split/steered bearers

The eNB decides which bearers need to be transmitted in the WLAN network based on some information, e.g. QoS, signal quality, the load status of LTE and/or WLAN, etc. and WT has no opportunity to deny the bearers required to be transmitted. It is eNB responsibility to guarantee the QoS of the EPS bearers served by WLAN network. Moreover, WT is unable to modify or release the split/steered bearers. In one word, eNB control completely the establishment, modification and release of the split/steered bearers.
Alt2: WT participates the management of the split/steered bearers

This method is alike the functionality of SeNB in DC architecture, and givesWT the right to accept/deny some EPS bearers at case of establishment. For example, if the WLAN network load is heavy or a large number of UEs are being served by the network, WT can deny some of the required EPS bearers. Furthermore, WT is also able to initiate the modification or release procedure to release some bearers. Based on the interaction between eNB and WT, the eNB generates the RRC messages to be sent towards the UE with the configuration of WLAN aggregation related. In one word, the WT has some right to manage the EPS bearers based on the request from eNB.

Proposal 4:
Discuss if WT has the functionality to take part in the management of the split/steered bearers.

2.2 The C-plane procedures
In this section, the procedures related to AP addition/release/modification are discussed based on DC related procedures. Please note mobility related procedures are covered in [2] and not present in this document.
2.2.0 AP group configueration when aggregation bearer establishment
During the last RAN2 meeting, AP selection procedure was discussed and the following agreements were achieved:

	Agreements
For WLAN Aggregation…

2
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 aggregation, i.e., the UE may perform mobility transparent to the eNB

3
UE mobility across such groups of APs is controlled by the eNB e.g. based on measurement reports provided by the UE. 




The above agreement can be interpreted that the AP group selection is controlled by eNB and the AP selection among the group is up to UE when UE moves among WLAN. However, it is still ambugious what the UE and eNB behaviours are at case of LTE-WLAN aggregation establishment. It is understood that the procedure of aggregation eatablishment should follow the UE mobility across multiple AP groups if it can be considered that UE is moving from non-group to one group. 

Proposal 5: Confirm the selection of AP group is controlled by eNB and the AP selection among the group is up to UE at case of aggregation bearer establishment.
Proposal 6: UE needs to report measurement results to eNB at case of aggregation bearer establishment.

2.2.1 AP addition 

The AP Addition procedure is initiated by the eNB and is used to establish a UE context at the WT in order to provide radio resources from the WLAN to the UE. The Figure 2 shows the AP Addition procedure.
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Figure 2: AP Addition Procedure

0. eNB enquires WLAN aggregation related information, e.g. UE capability for WLAN aggregation, UE ID in WLAN network, APs measurement results on the configured frequencies and SSID, BSS load information from Xw interface, etc.
1. eNB decides to add the AP to transmit data for a specific E-RAB, and select AP group to configure to UE..

2. eNB sends AP addition request, including UE contex information (e.g. UE address in WLAN, TNL address information etc.).

3. If there is no RRM entity in WT or the RRM entity in WT is able to admit the addition request, it allocates Xw DL TNL address information dependent on the 2C/3C bearer option. 
Note: If there is RRM entity in WT, the RRM related information interaction between WT and the AP is out of 3GPP scope, and can be left to WLAN implementation.

4. The eNB sends the RRCConnectionReconfiguration message to the UE including the AP group addition command, including e.g. AP IDs (BSSID) in one group, DRB ID, 2C/3C bearer option.
5.
The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
6.
The eNB informs the WT that the UE has completed the reconfiguration procedure successfully. 
7. If UE is not associated with any AP in the configured group, UE performs association procedure with the suitable AP in the group.
8. UE reports to eNB the association status indication, e.g. successful or failure. Optionally, a timer could be set for UE to determine the association procedure fails in order to minimize service interruption time. eNB could offload data to WLAN after receiving successful indication, otherwise, release UE context in WT.
9. After receiving the accociation success indication, eNB forwards the data of the specific E-RAB to the WT.
2.2.2 AP release

The AP Release procedure may be initiated either by the eNB or by the WT (if there is RRM entity in WT) and is used to initiate the release of the UE context at the WT. Figure 3 shows the AP release procedure.
Note: only eNB initiated AP modification procedure is shown.
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Figure 3: AP release procedure.

1.
The eNB initiates AP release procedure. If data forwarding is requested, the eNB provides data forwarding addresses to the WT. 
2/3.If required, the eNB indicates in the RRCConnectionReconfiguration message towards the UE that the UE shall release the entire aggregation bearer configuration. In case that the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
4.  Data forwarding from the WT to the eNB could take place optionally.
Note: the data forwarding between WT and AP is out of 3GPP and can be left to WLAN implementation.

5.
Upon reception of the UE CONTEXT RELEASE message, the WT can release resource associated to the UE context. Any ongoing data forwarding may continue.
2.2.3 AP modification

The AP Modification procedure may be initiated either by the eNB or by WT (if there is RRM entity in WT) and be used to modify, establish or release bearer contexts, to transfer bearer contexts to the WT or to modify other properties of the UE context within the same AP group.
Note: only eNB initiated AP modification procedure is shown in Figure 4.
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Figure 4: AP modification procedure

1. The eNB sends the AP Modification Request message, which may contain changed bearer type or other UE context related information, data forwarding address information (if applicable)

2.
The WT responds with the AP Modification Request Acknowledge message, which may include DL TNL address information.
3/4.The eNB initiates the RRC connection reconfiguration procedure. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete. 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.
Upon successful completion of the reconfiguration, eNB response to WT AP Modification Complete message.
6.
Data forwarding between eNB and the AP takes place. 
Proposal 7: It is proposed to discuss the above procedures and capture the procedures into TS 36.300.

3
Conclusion
In this contribution, we discuss the architectural and procedure of C-plane for WLAN aggregation, and give the following proposals:

Proposal 1: Adopt the C-plane architectures shown in Figure 1 for LTE-WLAN aggregation.

Proposal 2: eNB is responsible to perform C-plane functionalities on air interface and SRBs should be transmitted complete via Uu interface between eNB and UE.
Proposal 3: It is proposed to introduce the above functionalities on Xw interface.
Proposal 4: Discuss if WT has the functionality to take part in the management of the split/steered bearers.
Proposal 5: Confirm the selection of AP group is controlled by eNB and the AP selection among the group is up to UE at case of aggregation bearer establishment.
Proposal 6: UE needs to report measurement results to eNB at case of aggregation bearer establishment.

Proposal 7: It is proposed to discuss the above procedures and capture the procedures into TS 36.300.
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