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1 Introduction

The latest revision of the WID [1] on LTE-WLAN integration and interworking at the radio level proposes enhancements based on Rel-12 DC (Dual Connectivity) and 3GPP-WLAN interworking. Both co-located and non-co-located scenarios for eNBs and APs are to be considered; for the non-co-located scenario a standardized interface between the eNB and WLAN is needed. The objectives for RAN3 are:
1. Specify the required CP and UP signaling and interface between eNB and WLAN termination point for non-co-located deployments, based on Rel-12 DC Sols. 2C and 3C;

2. Specify procedures and signaling to exchange parameters (e.g., those “considered beneficial in [2] and that may be found beneficial for Aggregation and Interworking Enhancement”).
Some additional requirements worth noting:

· IEEE 802.11 specification impacts shall be avoided;

· Aggregation solutions should not require additional CN nodes, interfaces or signaling;
· Only WLAN nodes deployed and controlled by operators and their partners shall be considered (consistently with [2]).

Furthermore, RAN2 agreed the latest version of a “running Stage 2 CR” [3] with the latest status of agreements.

This document highlights some key issues and proposes a way forward. Non-RAN3-related parts are provided for information.
2 Discussion
2.1 Overview
The protocol architecture for LTE-WLAN aggregation, based on Rel-12 DC Solution 3C [1], is shown in Figure 1. Notice the similarities with the split bearer architecture. For the sake of clarity, the eNB is labeled “MeNB” and the WT takes the role of the SeNB. In Sol. 2C there would be no split/aggregation at the PDCP layer, i.e. data would always be routed via WLAN. 
The WLAN Termination (WT) may or may not be co-located with the MeNB.
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Figure 1 LTE-WLAN aggregation architecture, based on Rel-12 DC sol. 3C.

2.2 The Xw Interface

It seems beneficial (and fully in line with [1]) to adopt the Xw concept as studied within the Multi-RAT Joint Coordination SI [2]. In fact, many parts of such concept are already captured in [3]:
· Xw is defined between the eNB and the WT;

· The WT is defined as a logical node in 3GPP terms, and its behavior can be defined by RAN3, and possibly RAN2 if needed, within their respective scopes;

· WT implementation (including its placement in the WLAN, i.e. whether it physically “resides” in the AP, in the AC, or elsewhere) is out of 3GPP scope. This ensures compliance with the WID requirement not to require changes to IEEE specifications [1];

· Within the scope of the RAN3 SI, only capacity information exchange had been discussed for Xw, but it was agreed not to preclude additional functionality (including UP transport).

Proposal 1: It is beneficial and fully in line with the LTE-WLAN Aggregation WI to adopt and extend as needed the Xw interface studied for Multi-RAT Joint Coordination.
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Figure 2 Xw interface between the two logical nodes: eNB and WT [2].

A UP protocol is required for PDCP PDU forwarding between the nodes and for feedback/flow control (similarly to DC). Flow control feedback from WLAN is necessary so that the eNB can efficiently split the PDCP data and balance queuing delays for buffering in MeNB and WLAN termination. Some assumptions on UP are captured in [3]; Xw UP is discussed in more detail in [4].
CP signaling is required e.g. to convey WLAN specific parameters to the MeNB so that the MeNB can take this into account in the RRC-reconfiguration activating the split bearer functionality in the UE. 

We should consider which mechanism to adopt for Xw CP transport. RAN3 best practice suggests adopting SCTP over IP, since it provides reliable delivery of messages with flow control, congestion control, multi-streaming and multi-homing. UDP over IP might be seen as a “lighter” alternative in terms of node processing resources, but it lacks all the critical capabilities of SCTP. Since WLAN aggregation is required to be built on Rel-12 DC functionality, it would be extremely problematic to do this over a UDP CP transport. It seems therefore appropriate to define a transport stack based on SCTP for Xw, as for other network interfaces.

Proposal 2: Define an Xw CP protocol stack based on SCTP.

LTE-WLAN integration will involve standardization of dedicated procedures, similarly to Rel-12 DC: a suitable application protocol (XwAP) will be needed.

Proposal 3: Define an appropriate application protocol for Xw (XwAP).

2.2.1 General Criteria

When discussing how to set up the network for WLAN aggregation, we believe that some general criteria should be defined:

1. Exchange of WLAN parameters with the eNB should be kept to a minimum (many APs may be deployed in the coverage area of the eNB, so scalability is desirable);

2. Self-learning mechanisms are desirable;

3. An AP shall be connected to one WT only.

4. An eNB may have Xw interfaces to several WTs;
5. A WT may have Xw interfaces to several eNBs.
Proposal 4: Discuss and adopt the general criteria for Xw.

2.2.2 Potential Specification Work

If the same paradigm for X2 is followed for Xw, it seems that the following new specifications might be needed:

1. Xw general aspects and principles (similar to TS 36.420);
2. Xw layer 1 (similar to TS 36.421);
3. Xw signaling transport (similar to TS 36.422);
4. Xw application protocol (XwAP) (similar to TS 36.423);
5. Xw data transport (similar to TS 36.424);
6. Xw UP protocol (similar to TS 36.425).
In addition, the relevant updates to TS 36.300 by RAN3 will obviously be needed.
Proposal 5: Discuss the applicability of the specifications for Xw as e.g. for X2.
2.3 WLAN Selection
In LTE-WLAN aggregation the network distributes PDCP data to be transmitted among eNB and WLAN. Doing this unnecessarily e.g. to a WLAN AP that is not providing a sufficiently good radio connection to the UE, is inefficient and degrades the end user performance. Therefore, efficient mechanisms to select and change the WLAN AP are needed. 

RAN2 has captured this [3]:

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 or interworking, i.e., the UE may perform mobility (within a group of APs) transparent to the eNB. UE mobility across such groups of APs is controlled by the eNB e.g. based on measurement reports provided by the UE. It is FFS how the IDs are provided to the UEs in case of aggregation and in case of interworking (i.e. the provisioning may be different).

The above has implications on e.g. flow control and packet routing. If the UE may perform mobility within a certain group of APs transparently to the eNB, it means that the eNB has no way to know if the network destination for the data packets has changed.

Observation 3: eNB-transparent, UE-based mobility within a certain group of APs implies that there is no way for the eNB to know if the network destination for the data packets has changed.

In order for the above to be true, the group of APs in such a “mobility set” must be connected to the same WT. In that case data packets always go through the same Xw-UP endpoints, transparently indeed for the eNB.
Proposal 6: eNB-transparent WLAN mobility and aggregation is possible only within the same WT.
2.4 UE Identity and Correlation

This issue was already studied and documented in [2]. Only one of the identified solutions (i.e. using the UE WLAN MAC address as UE identity over Xw) seems to be fully compliant with the WI requirements, having no impact on either WLAN AP behavior or WLAN air interface. We believe it should be considered as baseline for further work.
Proposal 7: Consider using the UE WLAN MAC address as Xw UE identity as baseline for further work.

2.5 Issue with Common BSSID

It has been proposed to configure multiple WLAN APs to broadcast the same BSSID (i.e. the AP WLAN MAC address) towards UEs, possibly in order to facilitate inter-AP mobility for some UE implementations.
We notice that, in order for the BSSID-WT association to be unambiguous, all APs configured with the same BSSID would need to connect to the same WT; this would generate an additional constraint on WLAN deployment. In alternative, the WLAN AP would need to signal to the UE (either via broadcast or unicast) a locally unique parameter to be reported to the eNB to discriminate among APs broadcasting the same BSSID. Notice that such a solution, while impacting the eNB, would be out of 3GPP scope.

For the reasons above it seems more appropriate to exclude the deployment option of multiple WLAN APs broadcasting the same BSSID from the LWA scenarios.

Proposal 8: The possibility that multiple WLAN APs broadcast the same BSSID should not be considered for WLAN aggregation and interworking.
3 Conclusions and Proposals
The new WI on LTE-WLAN aggregation requires the integration of topics previously studied separately, such as DC concepts, WLAN interworking, and joint multi-RAT coordination. We believe LTE-WLAN coordination concepts previously studied by RAN can be reused for LTE-WLAN aggregation to provide the maximum benefit. Our proposals are summarized below.
Proposal 1: It is beneficial and fully in line with the LTE-WLAN Aggregation WI to adopt and extend as needed the Xw interface studied for Multi-RAT Joint Coordination.
Proposal 2: Define an Xw CP protocol stack based on SCTP.

Proposal 3: Define an appropriate application protocol for Xw (XwAP).

Proposal 4: Discuss and adopt the general criteria for Xw.

Proposal 5: Discuss the applicability of the specifications for Xw as e.g. for X2.
Proposal 6: eNB-transparent WLAN mobility and aggregation is possible only within the same WT.
Proposal 7: Consider using the UE WLAN MAC address as Xw UE identity as baseline for further work.

Proposal 8: The possibility that multiple WLAN APs broadcast the same BSSID should not be considered for WLAN aggregation and interworking.
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