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1 Introduction
In RAN meeting #67, the new work item on LTE-WLAN radio level integration and inter-working enhancement was agreed in [1]. Based on the discussion in RAN plenary, RAN2 should discuss scenarios/requirements first. In this paper we discuss and analyse the scenarios and requirements for LTE-WLAN radio level integration and interworking enhancement. 

2 Discussion
Regarding the scenarios and requirements, we will discuss the following aspects:

1. Deployment scenarios
2. Coexistence between different WLAN usage mechanisms

3. Mobility scenarios
4. The management of WLAN side in UE

5. The need of security between UE and WLAN
2.1 Deployment scenarios 

2.1.1 Co-located/non-collocated deployment
As described in [1], both the co-located and non-co-located scenarios shall be considered for LTE-WLAN aggregation and LTE-WLAN interworking enhancement. 
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Figure 1 Co-located and non-collocated deployment for aggregation and interworking
For LTE-WLAN aggregation, as indicated in [1], solution shall be designed based on Release-12 Dual Connectivity which is used to solve non-collocated with non-ideal backhaul case. It can be used for co-located/ideal backhaul scenarios as well. 
For LTE-WLAN interworking enhancement, same principle shall be used.
Therefore we ask RAN2 to confirm whether we only consider non-collocated scenario when we design the solutions, i.e. we will not introduce special solution for collocated/idea backhaul scenarios. 

 Proposal 1:  Focus on the non-collocated scenario when designing the solutions. 

2.1.2 Deployment scenario for Rel-13 aggregation and interworking
Currently, there are two types of WLAN architecture:
Type 1: standalone nodes allowing fixed network access;
Type 2: Access Points (APs) with Access Controllers (AC) which are used to manage and control APs, e.g. for authentication, mobility, etc. 

Based on the different WLAN architectures, there are 3 possible connection methods between eNB and WLAN. As shown in figure 2, the eNB can connect to AP, AC or a logical node “WT” (as defined in RAN3 SID “Multi-RAT joint coordination (MRJC) “[37.870]). 
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Figure 2 Connection nodes for LTE-WLAN aggregation
Different types of WLAN deployments considered for Rel-13 aggregation and interworking:

1)
new APs specifically deployed by the mobile operator in order to support Rel-13 feature

2) existing APs from the mobile operator, sharing backhaul with 3G/LTE or not

3)
existing APs of a WLAN operator that has a roaming agreement with the mobile operator

4)
any existing AP

In order to allow aggregation with any existing AP, it would be necessary that all exchanges between the AP and the eNB rely on existing IEEE/IETF protocols, both for data and signalling. This means that any new function should be fully handled by the eNB and the UE.

If enhancements to existing IEEE/IETF protocols are very limited, e.g. a new value of a filed intended to identify new protocols is allocated to 3GPP, it is possible to expect that most existing APs will be eventually updated.

If there is a new protocol defined, in case the complexity is low, there are reasonable chances that software updates for most existing APs are available, but they may not be deployed by all WLAN operators.

If APs would have some functions of eNBs, that may allow higher performance from LTE-WLAN aggregation but at the cost of either new nodes, such as new types of AP (with some eNB features) or ACs that can propagate 3GPP features towards existing APs by taking advantage of advanced features specific to a WLAN vendor.

In our view, it would be preferable to minimize the impacts towards existing WLAN nodes.

For aggregation and interworking enhancement, one important thing is that we need to consider existing WLAN deployment, therefore the solutions for LTE-WLAN aggregation and interworking need to avoid the impacts on AC/AP as much as possible.
Proposal 2: The solutions for LTE-WLAN aggregation and interworking need to allow reusing already deployed WLANs as much as possible.
In RAN3 SID MRJC, an interface to acquire WLAN status information was considered. However, as there is no standard node definition of WLAN nodes, a box   called “Wireless LAN Termination” (WT) as the WLAN termination is defined in [2], which can be defined as a logical node in 3GPP terms, so its behaviour can be specified in RAN3 terms. For WT implementation, including in which node it physically resides (e.g. AP, AC or any physical node) can be considered to be out of 3GPP scope and can be left to vendor choices. 
This interface is for control information only. Since the same issues have been discussed in MRJC, we would like to ask RAN2 whether we could reuse their conclusion on deployment architecture for LTE-WLAN aggregation and interworking. 
Proposal 3:  Discuss whether to reuse the deployment architecture of MRJC for the control plane of LTE-WLAN aggregation and interworking.  
2.2 Coexistence between different WLAN usage mechanisms
There are three typical mechanisms for the user to use WLAN as shown in figure 3:
Mechanism 1: the user visits the internet directly via WLAN;
Mechanism 2: the user visits operator’s service or internet via WLAN by LTE-WLAN interworking (ANDSF/ RAN rule, etc.);
Mechanism 3: the user visits operator’s service or internet via WLAN by  LTE-WLAN aggregation;
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Figure 3 different mechanisms for WLAN usage
Normally if user preferred WLAN is available, all traffic except operator specific part will be moved to WLAN directly, i.e. mechanism 1. For operator specific traffic which can only be served by operator’s network, mechanism 2 and 3 are still valid. Therefore we could see the requirement to support mechanism 1 and mechanism 2 or 3 simultaneously. However for mechanism 2 and 3, the purpose is the same. We do not see the clear requirement and benefit to ask a UE to offload some traffic to WLAN via mechanism 2 and 3 simultaneously. 

Observation 1:  It is unnecessary for the UE to do traffic offloading based on interworking solution and aggregation solution simultaneously.

Therefore we propose:
Proposal 4:  In WID, the UE is not requested to support using interworking solution and aggregation solution simultaneously. 
Based on the above analysis, we suggest RAN2 should further consider:

 
-
What the priority between interworking solution and aggregation solution is;
-
How to allow the UE to support WLAN local breakout and interworking or aggregation simultaneously;
In details, for example:
-
If UE has steered some traffic from 3GPP to WLAN through LTE-WLAN radio interworking, and then the UE is configured as LTE-WLAN aggregation, what’s the suitable UE action? 

-
If the selected WLAN from interworking and aggregation is different, how to deal with it?
Proposal 5: RAN2 should make sure at the end, in stage 3 there is no ambiguous action for UE in such situation.
2.3 Mobility scenarios
For Rel-13 LTE-WLAN aggregation and interworking, there could be the following possible scenarios for UE mobility case:
· Scenario 1:  UE moves between different WLAN nodes under the same eNB. 
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Figure 4 UE moves between different WLAN nodes under the same eNB
· Scenario 2: UE moves between different WLAN nodes under different eNBs.
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Figure 5 UE moves between different WLAN nodes under different eNBs
· Scenario 3: UE moves between different eNBs under the same WLAN node. 
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Figure 6 UE moves between different eNBs under the same WLAN node

In general, the coverage of AP is small; therefore the switch between different APs will happen more frequently. However the handover between the eNBs is not that frequent compared with the change of WLAN. We should consider how to handle the change of WLAN.

For aggregation, to support WLAN upon the eNB handover, we could see extra complexity. However the gain may not that significant. Therefore, RAN2 should focus on the scenario 1 for LTE-WLAN aggregation. 

However, for LTE-WLAN interworking, Rel-12 interworking already can support to maintain dedicated parameters upon the eNB handover; we could reuse the same mechanism for Rel-13 interworking. That is scenario 1/2/3 need to be considered for Rel-13 LTE-WLAN interworking. 
Proposal 6:  
· For LTE-WLAN aggregation, RAN2 should focus on the scenario 1;

· For LTE-WLAN interworking, scenario 1/2/3 need to be considered.  

2.4 The management of WLAN side in UE
Currently, no matter in the scenario that UE communicates with the internet via WLAN directly, or UE visits operator’s service via WLAN by LTE-WLAN interworking (ANDSF/RAN rules), user can control the switch on/off of UE’s WLAN module. 
The question is whether user also can control the switch on/off of UE’s WLAN when LTE-WLAN aggregation/interworking is configured?

In [1], the architecture of LTE-WLAN aggregation at the UE and network side based on Release-12 LTE Dual Connectivity solutions 2C and 3C should be considered. For 3C solution, there is less impact on user experience if the UE’s WLAN is switched off while aggregation is ongoing because the traffics still can be transferred via LTE side. However, for 2C solution, if  UE’s WLAN is switched off while aggregation is ongoing, the interruption will happen for the service in WLAN part until the bearer is re-established between the UE and the eNB. Similarly, the same problem will happen for LTE-WLAN interworking.  It will impact user experience.
Observation 2: If the user can control the switch on/off of UE’s WLAN when LTE-WLAN aggregation/interworking is configured, user experience may be impacted. 

Proposal 7:  Discuss how to guarantee user experience for 2C and interworking solution.
2.5 
The need of security between UE and WLAN
Based on Release-12 LTE DC solutions 2C/3C, all traffics will be protected by 3GPP AS security mechanism, do we still need to adopt WLAN security between UE and WLAN for aggregation? 
If the UE and the WLAN skip security authentication between WLAN and UE, any fake UEs can send data to WLAN. For LTE-WLAN aggregation, if WLAN only has an interface with eNB, all the data received by WLAN will be further forwarded to the eNB, which will bring data storm to the eNB. Therefore, in order to avoid WLAN and eNB under attack from fake UEs, the security authentication between UE and WLAN is still needed. 
However, the security part belongs to the scope of SA3, so we suggest RAN2 send an LS to ask SA3 whether the security between UE and WLAN is still needed for LTE-WLAN aggregation. 
Proposal 8:  Send an LS to SA3 to ask whether the security between UE and WLAN is still needed for LTE-WLAN aggregation. 

3 Conclusion
This paper mainly discusses the scenarios and requirements for LTE-WLAN aggregation and interworking enhancement. Based on the above analysis, we have following observations and proposals:

 Proposal 1:  Focus on the non-collocated scenario when we design the solutions. 

Proposal 2: The solutions for LTE-WLAN aggregation and interworking need to allow reusing already deployed WLANs as much as possible.
Proposal 3:  Reuse the deployment architecture of MRJC for LTE-WLAN aggregation and interworking.  

Observation 1:  It is unnecessary for the UE to do traffic offloading based on interworking solution and aggregation solution simultaneously.

Proposal 4:  In WID, the UE is not requested to support using interworking solution and aggregation solution simultaneously. 

Proposal 5: RAN2 should make sure at the end, in stage 3 there is no ambiguous action for UE in such situation.
Proposal 6: For mobility:  

· For LTE-WLAN aggregation, RAN2 should focus on the scenario where the UE moves between different WLAN nodes under the same eNB;

· For LTE-WLAN interworking, all mobility scenarios need to be considered.  

Observation 2: If the user can control the switch on/off of UE’s WLAN when LTE-WLAN aggregation/interworking is configured, user experience may be impacted. 

Proposal 7:  Discuss how to guarantee user experience for 2C and interworking solution.

Proposal 8:  Send an LS to SA3 to ask whether the security between UE and WLAN is still needed for LTE-WLAN aggregation.  
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