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Discussion
1 Introduction 
It was agreed as a working Assumption in RAN3 #81 that HeNB registers with its designated X2-GW for the purpose of enabling RNL-based routing. This paper discusses the following important requirements of the new registration procedure.
1. Whether Registration is Optional OR mandatory
2. What constitutes a (H)eNB Registration procedure 
3.  How (H)eNB Registration enables a Source (H)eNB to determine whether a target can Support X2-GW.
2 Discussion

2.1 Need for New Mandatory Procedure:
Routing-proxy Architecture was chosen for further consideration in RAN3 #81bis. A routing-proxy essentially operates in the capacity of an RNL-Level Router. For an RNL-Level Router to work, it needs to first build its routing table. This is possible only with (H)eNB registration. To Achieve this, it was already agreed that each (H)eNB would be pre-configured with the IP Addresses of its designated X2-GW.

Proposal 1: Registration for HeNB has to be made mandatory for RNL-ID-based routing to work.
2.2  (H)eNB Registration – what to Include:


Before any X2 procedure is triggered, a (H)eNB is supposed to Setup SCTP with designated X2-GWs. This is simple for HeNBs as each HeNB is pre-configured with the IP Addresses of its designated X2-GW. With the established SCTP Association, each (H)eNB can subsequently register with its designated X2-GWs. In order to help an X2-GW build its mapping table, each HeNB has to include its RNL-ID in the Registration message. On receiving a Registration message, the X2-GW will map RNL-ID found in the message with the TNL Address of an SCTP Association an X2-GW has with a registrant. In response, X2-GW will send either a positive ACK OR NACK depending on the outcome of the registration. In other words the registration response message should not include any other information
Proposal 2: A Registration Request message Shall Include Only the RNL-Id of a Registrant. 
Proposal 3: A Registration Response message from a X2-GW Shall Not Include Any Information Other than Indicating ACK OR NACK. 
There has been a proposal in the past to include all the registered node details (e.g., RNL-IDs) in the registration response sent by an X2-GW. A HeNB may have a small coverage footprint and may be interested in a few neighbours. Instead, an X2-GW can maintain connections with several hundreds of (H)eNB. Hence, including unnecessary neighbour details in the response will be of a waste.
2.3 Direct X2 VS. Indirect X2 – how to decide?
Before Setting up X2, A Source (e.g., HeNB1) has to know whether a target (e.g., HeNB2) can Support X2-GW. The issue of how a Source can determine whether to employ an X2-GW to reach a given target can be solved in two ways. 

i) Proactive Approach

ii) Reactive Approach

At the moment, these two Approaches are readily applicable to a case where a HeNB1 discovers a target HeNB2. This can be extended to eNBs as well if each eNB is configured in terms of what its designated X2-GWs are.

2.3.1 Proactive Approach 

In this case, A source HeNB1 can determine whether a target HeNB2 can Support its designated X2-GW by checking proactively with its X2-GW. This can be achieved simply by getting a source to notify a neighbour to its designated X2-GW together with a neighbour RNL-ID and wait for a response. On receiving a neighbour notification, the X2-GW can check its mapping table to see whether a target has already registered and its SCTP is currently active. If these two conditions are satisfied, the X2-GW will positively respond. This means a Source can employ its designated X2-GW to reach a given target. If, On the Other hand, a negative response is received from its designated X2-GW, the Source HeNB1 has to Setup X2 directly with HeNB2 after an S1-based TNL Address discovery. This process is illustrated in Fig. 2 
As it can be perceived, this proactive approach can only work if each (H)eNB registers with its designated X2-GW as soon as it is powered on. 

Proposal 4: Registration has to take place As soon as an (H)eNB is powered on. 

Another proactive approach is to include already registered node details in the registration response. Suppose from the node details included in the registration response, a neighbour HeNB4 had registered with an X2-GW – but now, it is switched off. Hence, trying to connect X2 through an X2-GW by HeNB3 based on stale information can lead to waste of resources and time. In a different situation, suppose node HeNB4 came into life after HeNB3 had registered. If HeNB3 now wants to establish X2 with HeNB4, it cannot rely on node details included in the registration response received. Considering on/off behaviour of (H)eNB, it is better for a Source node to check then and there with its designated X2-GW whether a discovered target can be reached through its X2-GW.
Proposal 5: if proactive approach is chosen to determine whether direct OR indirect X2, it has to be executed right before an X2 Setup Attempt. 
2.3.2 Reactive Approach 

.
It has been argued that G1D completely avoids any type of TNL Address discovery through (H)eNB Registration. This means a Source node can straight-away forward the X2 Setup Request together with a target RNL-ID to a routing proxy. In case a target has already registered with a given X2-GW, the X2AP can be correctly routed. If, on the other hand, a target RNL-ID cannot be found in a mapping table, the X2-GW can straight-away respond to the Source with X2 Setup Failure carrying a new cause value. This new cause value can enable a Source to Attempt Setting up X2 directly with a target after an S1-based TNL Address discovery. This is illustrated in Fig. 3
Proposal 6: RAN3 to decide whether to employ a proactive OR reactive Approach OR both. 
3 Conclusion and proposals
This paper examined the practicality and advantages of allowing (H)eNBs to register with their designated X2-GWs and make the following proposals:
Proposal 1: Registration for HeNB has to be made mandatory for RNL-ID-based routing to work. 
Proposal 2: A Registration Request message Shall Include Only the RNL-Id of a Registrant. 
Proposal 3: A Registration Response message from a X2-GW Shall Not Include Any Information Other than Indicating ACK OR NACK

Proposal 4: Registration has to take place As soon as an (H)eNB is powered on.
Proposal 5: if proactive approach is chosen to determine whether direct OR indirect X2, it has to be executed right before an X2 Setup Attempt
Proposal 6: RAN3 to decide whether to employ a proactive OR reactive Approach OR both. 
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Fig. 1: (H)eNB Registration Procedure
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Fig. 2: Proactive Approach: How A Source decide whether to employ X2-GW
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Fig. 3: Reactive Approach: How A Source decide whether to employ X2-GW
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