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1 Introduction

RAN has agreed a new WID [1] on LTE-WLAN integration and interworking at the radio level. It aims to provide enhancements based on Rel-12 DC (Dual Connectivity) and 3GPP-WLAN interworking. Both co-located (eNB and AP in the same node) and non-co-located (eNB and AP in different logical nodes) scenarios are to be considered; for the non-co-located scenario a new interface between the eNB and WLAN is needed. The objectives for RAN3 are:
1. Specify the required signaling and interface between the eNB and the WLAN termination point for non-co-located deployments, based on Rel-12 DC Sols. 2c and 3c;

2. Ensure consistency with the eNB-WLAN signaling being studied in the Rel-13 Multi-RAT Joint Coordination SI to avoid redundant work.

In addition, IEEE 802.11 specification impacts should be avoided, and any agreed solutions should not require additional CN nodes, interfaces or signaling.
Even though RAN3 should not start working on this new WI immediately, it is beneficial to start highlighting some of the potential issues which may be encountered. 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. A notable difference with respect to DC is in the adaptation layer: there is the possibility to add an additional layer including e.g. the LCID of the UE.
The WLAN Termination (WT) may be co-located or non-co-located with the MeNB.
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Figure 1 LTE-WLAN aggregation architecture, based on Rel-12 DC sol. 3C.

2.2 Architecture Options 2C and 3C
According to [1], two architecture options are envisaged:

1. Sol. 2C, offering per-bearer offloading. In this case all PDCP data is routed via WLAN to/from the UE. This can be seen as a new bearer type, not present in Rel-12 DC. In this case the PDCP layer does not need to support a “split” with e.g. per-PDU routing and continuous reordering.

2. Sol. 3C, offering per-packet offloading. This option is based on DC split bearer architecture, where PDCP PDUs can be selectively routed via MeNB or WLAN to/from the UE. Additionally, at the receiving side, e.g. reordering needs to be supported in the PDCP layer.  

Functionality-wise, also in Sol. 3C all data can be routed via WLAN to/from the UE (i.e. using a static routing configuration), similarly to e.g. Rel-12 DC split bearer for uplink.

As it became obvious from the recent Rel-12 standardization work, defining new bearer types comes with a significant specification impact (e.g. complexity for RRC procedures). It would be beneficial, therefore, not to distinguish between Sols. 2C and 3C as different bearer type options, but rather to specify only the split bearer 3C and enable 2C-like functionality by means of static routing decisions.

Observation 1: The functionality of Sol. 2C can be achieved with Sol. 3C and static routing decisions.

2.3 The Xw Interface

For the non-co-located case, CP and UP interfaces need to be defined between the eNB and the WLAN.

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. 

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. 

Observation 2: UP and CP interfaces between the eNB and the WT are required for WLAN aggregation.
It seems beneficial (and fully in line with [1]) to adopt the Xw concept studied in RAN3 within the Multi-RAT Joint Coordination SI. In fact, we can see that [2]:

· 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 RAN2 within the 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, 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 [1] to adopt and extend as needed the Xw interface studied in RAN3 within the Multi-RAT Joint Coordination SI.
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Figure 2 Xw interface between the two logical nodes: eNB and WT [2].

LTE-WLAN integration is likely to involve standardization of dedicated procedures, similarly to Rel-12 DC. A suitable application protocol (XwAP) will be needed. In order to ensure reliable XwAP message delivery and to be able to apply well-known and tested interface principles, it seems appropriate to define a transport stack based on SCTP for Xw, similarly to other interfaces defined by RAN3.

Proposal 2: Define an appropriate application protocol for Xw (XwAP).

Proposal 3: Define a protocol stack based on SCTP for Xw.

2.3.1 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 4: Consider whether to define a full set of specifications for Xw as e.g. for X2.
2.4 Selection Mechanisms
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. This same issue was studied by RAN3 [2]. The mechanism considered in that study included WLAN capacity reporting through the network interface and using that information to drive WLAN offload thresholds by the eNB. It seems such a mechanism will not be sufficient for WLAN aggregation, for the following reasons:

· Reporting through a network interface requires a certain amount of signaling, which increases significantly in case more granular information is needed;

· Bearer setup and manipulation which is typical of DC functionality is obviously performed using UE-associated signaling; driving this functionality requires in any case more granular information, which can only be provided through a UE measurement.

Observation 3: LTE-WLAN aggregation seems to require complementing the previously studied WLAN capacity reporting via Xw with WLAN measurement reporting by the UE; this is out of RAN3 scope.
We notice that the above would in any case require a suitable way to correlate UE measurements with UE-related information provided through Xw. This issue was already studied and documented in [2], and the identified solution to such issue (i.e. using the UE WLAN MAC address for correlation in the eNB) should be considered.
Proposal 5: Consider using the UE WLAN MAC address for correlation in the eNB as previously studied by RAN3; liaise RAN2 as appropriate.
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 [1] to adopt and extend as needed the Xw interface studied in RAN3 within the Multi-RAT Joint Coordination SI.
Proposal 2: Define an appropriate application protocol for Xw (XwAP).

Proposal 3: Define a protocol stack based on SCTP for Xw.

Proposal 4: Consider whether to define a full set of specifications for Xw as e.g. for X2.
Proposal 5: Consider using the UE WLAN MAC address for correlation in the eNB as previously studied by RAN3; liaise RAN2 as appropriate.
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