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1. Introduction

RAN#67 approved a new Release 13 Work Item on LTE-WLAN Radio Level Integration and Interworking Enhancement [1]. It was also agreed at RAN#67 to allocate time for the discussion of the deployment scenarios during the first meeting.

Since the Interworking Enhancement solution builds upon Release-12 SI on WLAN-3GPP radio interworking [2], the deployment scenarios for this solution do not need to be discussed by itself. Instead, in this contribution, we focus on the deployment scenarios and requirements for LTE-WLAN aggregation and its co-existence with deployments using other WLAN offloading solutions, including Interworking Enhancements.
The WID [1] already contains an extensive list of requirements and scenarios. In the present contribution, we provide additional details for requirements and scenarios listed in the WID and propose additional requirements, assumptions and use-cases.
2. Discussion
2.1. Assumptions and Requirements
The primary goals of LTE-WLAN aggregation are efficient data offloading to WLAN under 3GPP network control in order to better utilize the capacity of both LTE and WLAN networks without requiring any changes to the core network. As captured in the WI requirement, the solutions for aggregation and interworking enhancement “shall only consider WLAN nodes deployed and controlled by operators and their partners” and therefore other AP deployments (such as residential) will not be considered.

Requirement 1: Per WI description, LTE-WLAN aggregation is only applicable to WLAN networks deployed and controlled by an operator and its partners and other deployments will not be considered.
As in previous WLAN offloading solutions, the operator will ensure a mechanism to authorize access to the WLAN network. The authorization to use aggregation for data traffic will be known to the eNB.

Assumption 1: There will be a mechanism to authorize a UE for access to WLAN network and to use LTE-WLAN aggregation for data traffic at the eNB.
Per the WI objective, the user plane architecture is based on Release-12 Dual Connectivity solutions 2C and 3C. This requires that all data traffic for a UE has to go through the eNB to which this UE is connected. Therefore, aggregation can only occur when UE is within the coverage of both LTE and WLAN and has been registered on 3GPP network.

Requirement 2: LTE-WLAN aggregation is only enabled for UEs under LTE coverage
Requirement 3: A UE using LTE-WLAN aggregation will be registered on the 3GPP network.
For the UE to discover WLAN APs which supports aggregation, the identification information of such WLAN (e.g. SSID, BSSID, and HESSID) need to be provided to the UE. The signaling can build upon the similar Release-12 version for LTE-WLAN Radio Interworking either via broadcasting (SIB) or dedicated signaling.
Assumption 2: The identification of WLAN to be used for aggregation will be provided to the UE.

An eNB can enable aggregation for a UE when it is associated with an AP. For that, eNB also needs to know the association status of the UE and an identification for this AP (or a WLAN entity which can act as a proxy). The identification is needed for the eNB to communicate with WLAN for both control signaling and data transfer. The exact methods for this will be specified during the WI.
Assumption 3: The eNB will be provided the UE connection status to the WLAN and an identification for the WLAN in order to enable aggregation 
One of the WI requirements is that “Solutions for aggregation should not prevent discovery and use of other WLAN networks based on user preferences”. This means that when the UE is using WLAN aggregation, if the user preferences require the use of other WLAN networks (such as home or corporate AP), this will not be prohibited. However, it does not necessarily mean that the user preferences should be aware of the aggregation mode and this will be left to operator choice.

Requirement 4: If user preferences require use of other WLAN networks, this will not be prohibited by LTE/WLAN aggregation mode.
Assumption 4: Informing the user of aggregation mode is left to operator choice and implementation.
2.2. Use Cases

The following use cases will be enabled by the WI specifications:
A.
UE is within E-UTRAN coverage, is using 3GPP and goes into WLAN AP coverage.
B.
UE is within E-UTRAN and WLAN coverage, is using WLAN in aggregation mode and goes out of WLAN AP coverage.
C.
UE is within E-UTRAN and WLAN coverage, is using WLAN in aggregation mode and changes association to another AP.
D.
UE is within E-UTRAN and WLAN  coverage , UE using LTE and WLAN in aggregation mode, all, none, or a subset of the traffic of a data bearer for the UE should be routed via E-UTRAN where subset could be empty.
2.3. Network Architecture
As captured in the WI description, LTE-WLAN Aggregation does not require any new Core Network (CN) functionality. The solution is applicable to only WLAN network deployed or controlled by the corresponding E-UTRAN operator or its partners. As shown in Figure 1, no new interfaces are defined in E-UTRAN and the interfaces between eNB and CN (S1-U and S1-MME) do not need to change. The eNB communicates with WLAN over either a proprietary interface when eNB and AP are collocated or over a standardized interface when non-collocated. The interface between eNB and WLAN supports both signaling (either for control and user plane) and user data transport.

[image: image1.emf]Core Network

S11

WLAN

S10

SGW

MME

802.11

E-UTRA UE

E-UTRA UE

eNB

S6a HSS

E-UTR

A-

Uu

Internet SGi PGW S5

S1-MME

S1-U

ePDG/

TWAG


Figure 1 Network Architecture for LTE-WLAN Aggregation and Interworking Enhancement
Observation 1: No new Core Network nodes and interfaces are needed to support LTE-WLAN aggregation. WLAN network is deployed and controlled by the E-UTRAN operator and/or its partners.
As shown in Figure 1, WLAN could be connected to CN and support CN-based offloading solutions using S2 interfaces which are captured in 23.401 [3] in addition to aggregation. These could be complemented with assistance information provided by ANDSF and/or Release-12 Radio Interworking solutions. The interworking enhancement in this WI can further improve these mechanisms by introducing network control in the offloading decisions. In addition, direct offloading to the Internet (NSWO) could be supported. All of these can be deployed simultaneously with aggregation and serve different type of users depending on their offloading capability and network preferences. 
Observation 2: As per WI requirement, LTE-WLAN aggregation will co-exist with legacy (e.g. CN based) WLAN offloading solutions as well as Release-13 Interworking Enhancements
When multiple solutions are deployed by an operator, the UE behavior should be specified when it can support multiple solutions simultaneously. These include both roaming and non-roaming scenarios. As captured in the WI objective, this will be specified by SA2.
Observation 3: Interworking between different WLAN offloading solutions, including LTE/WLAN aggregation and Interworking Enhancement, will be studied by SA2.

As captured above, LTE-WLAN aggregation itself does not require any new CN nodes and interfaces and changes to the CN. However, the interaction of aggregation with CN functions can be studied by SA2 or other groups but this is not within the scope of RAN2/3 in this WI.

Proposal 2: The interaction of LTE-WLAN aggregation with CN functions may be studied in SA or CT groups but this is not within the scope of RAN2/3 in this WI.
It is also important to note that WLAN networks which support aggregation and interworking should be able to serve other UEs which do not support these features. 

Observation 4: LTE/WLAN aggregation and interworking will not prevent WLAN networks to serve other UEs which do not support these features or not configured in these modes.

2.4. Scenarios
We now discuss different options for the deployment of eNB and APs. These can be categorized in four independent dimensions:
1. Location of eNB and WLAN 
2. Number of eNB and WLAN networks
3. Connection of WLAN to Core Network

4. eNB in Dual Connectivity and LTE/WLAN aggregation
In 1), the two options considered are collocated and non-collocated as shown in Figure 2. For LTE/WLAN aggregation, an eNB needs to communicate with a WLAN entity to exchange user data and control signaling. This WLAN entity could be an AP, AC, or another logical entity. When the WLAN entity is not an AP, its interfacing to the APs are not specified in 3GPP. The eNB and WLAN are collocated when eNB is physically collocated or have an ideal backhaul with proprietary interface with the WLAN entity. In both cases, the interface between eNB and WLAN for signaling and data are left to implementation. In non-collocated option, there is a standardized interface between eNB and WLAN entity. The signaling and data exchange on this interface will be explicitly specified by RAN3 in collaboration with RAN2.
Assumption 5: An eNB is called “collocated” with WLAN if there is an ideal backhaul connection between eNB and WLAN logical entity which connects to the AP(s). In this case, the interface on this backhaul connection is left to implementation. In non-collocated case, the interface between them will be standardized by 3GPP.
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Figure 2 Collocated and non-collocated scenarios
In 2), we refer to the single or multiple-way relationship between eNB and WLAN entity. An eNB can be connected to multiple WLAN entities where some of them could be collocated and others could be non-collocated. Similarly a WLAN entity could be connected to multiple eNBs. 
Assumption 6: The connections between eNBs and WLAN network could be one-to-many in each direction. There is a single interface between one particular eNB and a WLAN entity.
In 3), different connection options for WLAN to the 3GPP CN are considered. These interfaces are not used to support aggregation but to support CN-based offloading solutions. Such connections could be based on trusted and non-trusted network deployments as standardized by 3GPP SA2. As discussed above, an AP can support both aggregation and CN-based offloading solutions. .
In 4), it is considered whether an eNB can be an MeNB or SeNB for a user concurrently with LTE/WLAN aggregation. This can produce several issues, especially for SCG and split-bearers due to the additional X2 signaling and RRC changes as well as increased PDCP reordering at the UE. The feasibility and rationale for such deployments also needs to be studied. Furthermore, since X2 signaling changes require RAN3 involvement and RAN3 WI will be starting only in RAN3#89, it is reasonable to have a lower priority for this topic in order not to impede the progress of other parts of the WI in RAN2. 
Proposal 3: The work on concurrent configuration of DC and LTE/WLAN aggregation for the same user will be lower priority in RAN2. 

3. Conclusions and Proposals
In this contribution, we analyzed the assumptions, requirements, use cases and deployment scenarios from LTE/WLAN aggregation point of view. Based on the analysis, several requirements and proposals are suggested. These can be taken as a baseline for the way-forward in next stages of the WI.
We propose to consider the assumptions and observations as a baseline for the WI specification and agree to the proposals in Section 2. The assumptions, scenarios, and use cases can be captured in an Annex of 36.300.
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