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1   Introduction
At RAN3#89 the work on the LWA work item has started and the design of the Xw interface has started including a list of new procedures with a lot of similarities with the design of the X2 interface and in particular with the X2AP procedures which have been used for dual connectivity.

After the work on stage 2 at RAN3#89, the work on LWA now requires that the basic principles for the stage 3 of the XwAP protocol are being defined for both UE-associated and non UE-associated procedures. These basic stage 3 principles are investigated in this paper.
2 Discussion
Identifiers used for XwAP procedures?

One of the fundamental agreements on the work on LWA has been to reuse as much as possible the work done for dual connectivity over X2AP. This is clear from [1]:

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.

For LWA we have two kinds of XwAP procedures:

· Non UE associated procedures (e.g. Xw Setup Request, WT Status Request, etc..)

· UE asscoiated procedures (e.g. WT addition Request)

Non ue associated
In X2AP the sender includes its Node ID in the X2AP Setup Request/Response messages to identify each other, then the Node ID is not included in all the other subsequent X2AP messages. Similarly the following proposal is made for XwAP:

Proposal 1: eNB ID sould be included in the X2 Setup Request and the WT ID should be included in the X2 Setup Response. No Node identifier need to be included in other non-ue asscoiated XwAP messages.

The question is how to encode these identifiers?

Over X2AP the eNB identifier used is the Global eNB ID. This is a choice structure with both macro eNB and HeNB identification. We believe the same ID shall be reused for XwAP which can cover both macro eNB and HeNBs. The use of HeNBs is indeed relevant for many reasons:

· HeNB and WLAN AP don’t have necessarily the same coverage at all. HeNBs have power which can range up to 250 mW. WLAN AP have typical power restriction sat 15 mW up to 100 mW depending on the use case.

· Even if similar coverage this does not mean that the “collocated” part of the LWA work item applies. This is a typical confusion here between “collocated” and “integrated”.  In particular the work done in RAN3 for the Xw intreface called the “non collocated” case actually covers any use case where LTE and wifi are not integrated. This includes use cases where they can be collocated in the same location or premises but still not “integarted”.

· HeNBs are typically use cases where LTE and WLAN can benefit from the performance increase brought by the LWA features in many indoor or entreprise situations where both technologies have to co-exist.  

Proposal 2: the full Global eNB ID shall be included in Xw Setup Request message.

The WT is a new node for which the physical implementatuon has been left on purpose undefined. As earlier commented this could be a WLAN AP but also the WLAN AC. The range defined should be able to account for these ewtreme use cases. Besides, some RAN sharing provision should be taken. The scope of the LWA Work Item includes mostly operator’s managed APs and for that the WT node could be deployed by a particular operator. At the same time for scalability reasons it is likely that the WT node will need to connect to hundreds of WLAN APs which e.g. cover a same geographical area and therefore the WT could be shared by APs from several operatots even if the WT belongs to one of them. This sharing situation would be similar to LTE S1/X2 interfaces. One can recall that for LTE in release 8 it had been decided therefore that the Global eNB ID would comprise two parts: PLMN ID + eNB ID. The PLMN ID here was actualy the hosting PLMN i.e. the PLMN owning the eNB. 

Similarly for the reasons above we propose a similar structure for the WT ID with PLMN ID + 28 bits..

Proposal 3: encode the WT ID as PLMN ID + 28 bits.

UE associated
For identfiying UE associated messages, RAN3 has useed in the past two types of logical identifiers:
· Old/New UE X2AP ID or eNB/MME UE S1AP ID
· Transaction ID

We note that the transaction ID has been used only for TS36.455 (Lppa interfacce) whereas X2 and S1 interface have been designed using Old/New S1AP ID and old/New X2AP ID. 
Moreover all the dual connectivity procedures have reused the concept of “double UE IDs” naming the Old/New X2AP ID into MeNB/SeNB ID. However, as was clarified recently by the CR in [2] the error handling related to MeNB/ SeNB ID for DC shall be treated like any other X2AP procedures based on Old/New XAP ID based on section 10.6 of TS36.413. An Old eNB ID shall be allocated for the “first message” by the sender and a new eNB ID shall be allocated by the receiver in the “first returned message”. All the current checks for DC are based on these principles. This guarantees that no contexts are left hanging and good operations of the protocol. 
In order to follow DC as close as possible the same principles must be adopted for Xw interface.
Proposal 4: for UE associated procedures, the eNB shall allocated an Old UE XwAP ID in the WT Addition Request and the WT shall allocated a new UE XwAP ID in the WT Addition Request acknowledge message and the eNB and WT shall include both identifiers in all subsequent messages. 
Need of XwAP Message Transfer procedure ?
Drawing parallel with the X2 interface and considering the potential scalability discussed above, one interesting question which can be raised is how far the Xw interface can reuse X2AP principles and in particular if the XwAP Message Transfer procedure to be used across an XwGW would be needed?  
Scalability 
It has been noticed several times that the implementation of the WT node is undetermined or more precisely left implementation dependent. One possible implementation is in the WLAN AP. This has the advantage of making the WT node easily aware of the buffer status on the transmission on Wifi for an efficient flow control. On the other side such implementation would mean that eNB would face the same scalability issues as dense HeNBs can generate, maybe even higher. 

The reverse use case could also be discussed: if the WT is implemented in the WLAN Access Controller which serves a large geographical area, that area could potentially be at least as large as the one covered by a macro eNB and therefore see tens of HeNBs involved in LWA.  
In order to address these scalability issues and be future proof, a similar mechanism can be adopted for the Xw interface by introducing an Xw Message Transfer procedure. 
Switch on/off

The second reason why an X2GW had been introduced is the possible unplanned switch on/off of HeNBs. However WLAN APs could present similar characteristics to their neighbours.

This Xw Message Transfer procedure allows defining end to end XwAP associations which would no longer be tied to a one-one mapping with SCTP associations and WLAN APs switch on/off. 
Proposal 5: RAN3 to discuss the need to introduce an XwAP Message Transfer procedure to allow end to end XwAP associations between (H)eNB and WT nodes safe of scalability or on/off issues.
3 Conclusion 
This contribution has investigated the basic principles for the design of XwAP protocol and points that need to be decided. It makes the following proposals:

Proposal 1: eNB ID sould be included in the X2 Setup Request and the WT ID should be included in the X2 Setup Response. No Node identifier need to be included in other non-ue asscoiated XwAP messages.

Proposal 2: the full Global eNB ID shall be included in Xw Setup Request message.

Proposal 3: encode the WT ID as PLMN ID + 28 bits.

Proposal 4: for UE associated procedures, the eNB shall allocated an Old UE XwAP ID in the WT Addition Request and the WT shall allocated a new UE XwAP ID in the WT Addition Request acknowledge  message and the eNB and WT shall include both identifiers in all subsequent messages. 

Proposal 5: RAN3 to discuss the need to introduce an XwAP Message Transfer procedure to allow end to end XwAP associations between (H)eNB and WT nodes safe on scalability or on/off issues.
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