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1. Introduction
In RAN2 #90, on the LTE/WLAN aggregation and interworking, RAN2 has reached a conclusion[1],
“In the non-collocated scenario, the eNB is connected to a “WLAN Termination” (WT). WT is a logical node and 3GPP does not specify where it is implemented.”
In the revised LTE-WLAN Interworking WID, RAN3’s objectives are as follows[2],

1. Specify the required control plane and user plane signalling and interface between eNB and WLAN termination point for non-co-located deployment of LTE-WLAN aggregation based on Release-12 Dual Connectivity solutions 2C and 3C.

2. Specify procedures and signalling for the exchange of parameters (e.g., parameters  that were considered beneficial in TR 37.870 and that may be found beneficial for Aggregation and Interworking Enhancement).

Now, the standardization for the interface between LTE eNB and WLAN, i.e. Xw interface, should be started in RAN3. This contribution investigates the control plane of the Xw interface.
2. Discussion
Referring to X2 control plane, and considering the RAN2’s conclusion so far, the potential functions  XwAP should provide can be list as following.
· Xw interface setup and maintenance

· Generic error reporting

· Parameters exchange between LTE and WLAN

· WLAN AP group update

· Inter-WT mobility

· Aggregation and interworking between LTE and WLAN

(1) Xw interface setup and maintenance

This function includes the setup of Xw interface, and removal when Xw not needed any more; and should include following signalling procedures,

· Xw Setup 

· Xw Removal

For Xw Setup, which node can initiate this procedure? There are two candidate options,


Option 1 -  only eNB can initiate Xw Setup


Option 2 -  both eNB and WT can initiate Xw Setup

In our understanding, only the LTE eNB can initiate the procedure, because the LTE network should be regarded as the control anchor for LTE/WLAN aggregation and interworking, and then the eNBs are ready to obtain the IP address of WT node. On the contrary, if the WT is allowed to initiate setup of Xw with its neighbouring eNBs, the WLAN operator needs to get detailed knowledge of LTE network deployment and the IP address of all neighbouring eNBs. Obviously, this work is difficult and costly. Further, considering the totally different function of the two nodes, if both the eNB and the WT could initiate the Xw Setup, unlike the X2 SETUP REQ/RESP messages, there should define two different sets of IEs for the XW SETUP REQ/RESP messages, one for eNB initiating and another for WT initiating, which unnecessarily increase the complexity of Xw interface standardization.
Regarding Xw Removal, it seems reasonable that both eNB and WT can initiate this procedure when LTE/WLAN aggregation/interworking is not required according to operators’ policy.
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Figure 1 -  Xw Setup procedure
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Figure 2 -  Xw Removal procedure

In the XW SETUP REQUEST message, the eNB ID should be included; and in the XW SETUP RESPONSE message, the WT ID, all AP IDs under the control of the WT, e.g. SSID, BSSID, HESSID etc., and AP group configuration should be included.
Proposal 1:  Agree to define Xw Setup and Xw Removal procedures; and only eNB can initiate Xw Setup procedure, while both eNB and WT can initiate Xw Removal procedure.
(2)  Generic error reporting
This function allows the generic error notification of the Xw interface, and can include the following procedure, which is similar to that of X2 interface.
· Error Indication
Like that over X2, both the eNB and WT can report any generic error situation about the Xw interface, but not UE specific errors.
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Figure 3 -  Xw Error Reporting procedure
Proposal 2: Agree to define the Error Indication procedure; and both eNB and WT can initiate this procedure.
(3)  Parameters exchange 
To assist the decision in LTE on the data bearer aggregation or offloading, providing WLAN parameters (e.g. BSS load, capacity available) is beneficial for eNB from WT. This function allows the parameters exchange for the aggregation and interworking purpose between LTE and WLAN.
In our opinion, the parameters transport from WLAN to LTE is required, while in the reverse direction (LTE -> WLAN) it is not needed since the decision for aggregation/interworking operation is made in eNB.
The signalling procedure for parameters exchange could be similar to the Resource Status Initiation/Reporting over X2 interface, i.e. the eNB first initiates the request for WT to report WLAN load status information, In the request message, the eNB can specify the target AP nodes and the requested load information (e.g. BSS load and CAC etc.), and the reporting criteria, e.g. periodical or event triggered. If the request information is accepted, the WT response successful acknowledgement, otherwise failure. Then WT fetches the requested load information from the specific APs and reports them to the eNB accordingly. 
This function comprises the following procedures
· Resource Status Reporting Initiation

· Resource Status Reporting
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Figure 4 - WLAN Resource Reporting procedure

Proposal 3: Agree to define the resource reporting procedure similar to X2, comprising Resource Status Reporting Initiation and Resource Status Reporting procedures; and only eNB can initiate the request message.
(4) WLAN AP configuration update
According to RAN2’s agreement[1], 
“ 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.” 

As thus, the eNB needs to acquire the configuration of the group of WLAN APs and then provides them for UE. 
There are two possible options for the configuration of WLAN APs.
· Option 1 -  LTE OAM is directly in charge of the WLAN AP configuration for eNB 
· Option 2 - WLAN OAM is in charge of the AP configuration for WT and then the WT transfers the configuration information to LTE eNB over Xw
In our opinion, the WLAN AP configuration should be managed and maintained by WLAN operators (maybe same as or different with LTE network operators), thus WLAN OAM should be in charge of such work. If option 1 is adopted, i.e. LTE OAM takes the responsibility of AP configuration, the LTE operators would have to grasp detailed WLAN AP deployment information, which would increase the complexity of the configuration work. Thereby, option 2 should be adopted.
The initial WLAN AP configuration information can be provided by WT to eNB when Xw interface is setup, however the WLAN AP configuration may be modified due to the AP deployment change(e.g. new APs installed or existing APs removal) or dynamic switch off/on. Thereby, WLAN AP Configuration Update signalling to eNB is necessary when the Xw interface is in operating state.
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Figure 5 - WLAN AP Configuration Update procedure
Proposal 4: Agree the WLAN AP configuration is provided by WT for eNB, and WLAN AP Configuration Update should be defined to inform the eNB dynamic update of WLAN AP configuration.

(5) Inter-WT mobility

This function allows the UE mobility between different WT in the WLAN.

Inter-WT mobility allows the data transport tunnel changes between LTE and WT, and UE context transfer between different WT. Inter-WT mobility is controlled by eNB.
Since the inter-WT mobility signalling procedure has not been specified by RAN2, RAN3 should wait for the conclusion of RAN2 for the definition of corresponding Xw signalling message.
(6)  LTE/WLAN Aggregation and interworking
This function allows the LTE/WLAN aggregation/interworking for the UE data bearers.

Aggregation and interworking signallings over Xw interface are UE specific.
Similar to inter-WT mobility, so far the aggregation and interworking procedures haven’t been specified by RAN2, thus RAN3 should wait for the conclusion of RAN2 before the definition of corresponding Xw signalling message.

Proposal 5:  RAN3 should wait for RAN2’s decision before defining the UE specific signalling procedures, including Inter-WT Mobility and LTE/WLAN Aggregation/Interworking.
3. Proposal
In this contribution, the functions are discussed and evaluated needed for supporting LTE/WLAN aggregation and interworking over Xw, and the corresponding signalling procedures for these functions are proposed as follows,
Proposal 1:  Agree to define Xw Setup and Xw Removal procedures; and only eNB can initiate Xw Setup procedure, while both eNB and WT can initiate Xw Removal procedure.

Proposal 2: Agree to define the Error Indication procedure; and both eNB and WT can initiate this procedure.
Proposal 3: Agree to define the resource reporting procedure similar to X2, comprising Resource Status Reporting Initiation and Resource Status Reporting procedures; and only eNB can initiate the request message.
Proposal 4: Agree the WLAN AP configuration is provided by WT for eNB, and WLAN AP Configuration Update should be defined to inform the eNB dynamic update of WLAN AP configuration.

Proposal 5:  RAN3 should wait for RAN2’s decision before defining the UE specific signalling procedures, including Inter-WT Mobility and LTE/WLAN Aggregation/Interworking.
4. Reference
[1] R2-152922, Agreements on LTE-WLAN Radio Level Integration and Interworking Enhancement
[2] RP-151114, Revised WID: LTE-WLAN Radio Level Integration and Interworking Enhancement
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