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Discussion
1 Introduction 
It was decided in RAN3 83bis that registration using the X2AP transfer/encapsulation is mandatory for each HeNB supporting X2GW whenever it switches on or its TNL address changes. It is also a Working Assumption as agreed in RAN3 #83bis that eNB registration with an X2-GW can be achieved through X2 Setup. In a network where X2-GW is deployed, establishing X2 between two peers through an X2-GW does not require end nodes to learn IP Addresses of each other. This is because a routing-proxy is supposed to maintain a routing-table mapping the relationship of the TNL Address and RNL ID of a (H)eNB. This means if every node in a network pre-registers with designated X2-GWs, S1-based TNL Address discovery can be completely skipped. 
This contribution tries to take advantage of this feature with an objective to minimise straining OR flooding an MME with control signalling pertaining to S1-based TNL Address discovery that is exacerbated due to: 
a) sporadic HeNB switch on/off
b) large number of HeNB deployments.
When Similar Arguments was put forward in RAN3 #83bis along these lines, it was argued that proof of concept is needed that is provided in the Analysis Section.
2 Discussion

2.1 Emulating S1-based TNL Address discovery At X2 with X2-GW:
With the pre-registration of (H)eNBs with designated X2-GWs S1-based TNL Address discovery can be skipped prior to any X2 Setup Attempt. This will definitely relieve an MME. However, with an X2-GW deployment, there is still a need for a Source to know whether a target can be reached through a given X2-GW. This can be Achieved in two ways:
i) Reactively

ii) Proactively

2.1.1 Reactive ApproachIn this mechanism, a Source (H)eNB will straight-away initiate X2 Setup Request message to its designated X2-GW with a target’s RNL ID – both being encapsulated in X2AP Message Transfer. On receiving the X2 Setup Request message, an X2-GW will check whether it can find the target in its mapping table. If no relevant entry is found, an X2-GW will trigger an error with a new cause. The new cause will enable the Source to try and establish X2 with its desired target directly perhaps after the S1-based TNL Address discovery.
Given that X2AP Message Transfer is of class-2 type, some kind of Error Indication is required by an X2-GW to deal with error clause 10 defined in TS 36.423. Hence, by extending an X2 Error Indication to cover X2-GW, this reactive approach will be automatically covered.
Observation 1: Extending Error Indication to cover X2-GW deployment will automatically choose the Reactive Approach.

2.1.2 Proactive Approach
In this Approach, a source will first check with its designated X2-GWs before initiating any X2 Setup Request. This means a new class-1 procedure will be introduced for this purpose. Accordingly, a Source will send a new message (e.g., X2 Neighbour Check) to its X2-GWs together with a target RNL-ID. On receiving such a message, an X2-GW will check whether the indicated target exists in its mapping table. If the target exists, the X2-GW will respond positively and if not, it will respond negatively. The positive response means that the source can initiate X2 Setup without having to trigger any S1-based TNL Address discovery. 

2.1.3 AnalysisThe “reactive” and “proactive” approaches were analysed partially in [2] against an S1-based TNL Addressed discovery which considered as baseline. Two events, “Steady-State and “worst”, were considered. The “steady-state” is defined as an event where an X2-GW has a mapping entry of a target whereas “worst” event is the case where an X2-GW does not have a mapping entry corresponding to a target. This is a two event binomial distribution with the discrete probability distribution where number of successes (i.e.., steady-state) in a sequence of n independent yes/no experiments will yield success with probability p. In order to have a higher probability for Steady-State to occur, all (H)eNBs should pre-register with X2-GW so that an X2-GW will have a target entry for all supporting (H)eNBs. Suppose there exists 100 HeNBs within the coverage of an eNB101. Further assume that HeNB1 discovers eNB101 for the first time and eNB has not pre-registered with X2-GW. This means HeNB1 has to rely on S1-based TNL Address discovery (thus flooding an MME) and subsequently will establish X2 – this is how baseline of [2] will work. According to the current WA, eNB101 will get registered with an X2-GW. Assume now HeNB2 discovers eNB101. This means there is no way for the worst case to occur when rest of HeNBs (i.e., 99 in our example) discovers eNB101. The gain will increase with the number of subsequent discoveries as shown in the following table which is extended from the one provided in [2]: 
	Scenario
	Number Of X2 messages
	Number of S1 messages
	Total for 1 HenB within an eNB
	Total for n number of HenB within an eNB

	Baseline
	4
	4
	8
	8*n

	Reactive, Steady-State
	4
	0
	4
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	Reactive, worst-case
	6
	4
	10
	

	Proactive, Steady-State
	6
	0
	6
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	Proactive worst-case
	6
	4
	10
	


Table 1: Comparison of Complete Scenarios
Comparison Analysis in [2] is partial mainly because it considers a case where there is only 1 HeNB under any eNB and has not considered the Registration related recent agreements made in RAN3 #83bis. On the other hand, these are avoided in our analysis. 

Considering our example of 100 HeNBs under an eNB, reactive will generate 406 messages whereas proactive can trigger 604 messages. This is far better than the baseline which generates 800 messages. Further, the weight of S1 message is far serious than X2 messages. As it can be inferred, the gain in terms of minimising unnecessary MME load is far better in reactive approach while proactive still outperforms the baseline. 
2.1.4 Suitability
Although the above Analysis considering a practical scenario has shown both reactive and proactive approaches are better than the baseline approach. Although there is nearly 50 % signalling reduction with the reactive approach, the weight of S1 message is far higher than X2 messages. In other words, both reactive and proactive approaches generate only 4 S1 messages irrespective of how many HeNBs are deployed per eNB. on the other hand, the baseline generates 4*n S1 messages where n corresponds to the number of HeNBs that discover a given eNB.
Observation 2: Both Reactive and proactive approaches are better than the baseline quantitatively and qualitatively.
Given that Error Indication has to be extended to cover X2-GW, the reactive approach will be automatically chosen.  
Proposal 1: Considering Observation 1 and Observation 2, Reactive Approach has to be chosen.
3 Conclusion and proposals
While considering recent (H)eNB registration related agreements and WA made in RAN3 #83bis, this paper examined how S1-based TNL discovery related signalling to an MME can be minimised while emulating it at X2 with X2-. After identifying reactive as well as proactive approaches, it makes the following Observations and a proposal:
Observation 1: Extending Error Indication to cover X2-GW deployment will automatically choose the Reactive Approach.
Observation 2: Both Reactive and proactive approaches are better than the baseline quantitatively and qualitatively.

Proposal 1: Considering Observation 1 and Observation 2, Reactive Approach has to be chosen.
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