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1   Introduction
RAN3 identified the following seven solutions for peer discovery and X2 setup in case of X2GW deployment:

G1A: RNLid + registration with  X2 setup request + X2GW(s) IP@ in eNB by configuration 

G1B: RNLid + registration with  X2 setup request + X2GW(s) IP@ in eNB by TNL discovery 

G1C: RNLid + registration with new message + X2GW(s) IP@ in eNB by configuration 

G1D: RNLid + registration with new message + X2GW(s) IP@ in eNB by TNL discovery 

G2A: target node ip@ + TNL address discovery + X2GW(s) IP@ in eNB by configuration 

G2B: target node ip@ + TNL address discovery + X2GW(s) IP@ learnt by ipsec field of TNL discovery

G2C: target node ip@ + TNL address discovery + X2GW(s) IP@ learnt by new field added to TNL discover  

This contribution further discussed the feasiblity of the solutions and propose the way forward.
2   Discussion
2.1 Problem of solution G1A, G1B, G1C and G1D
If the eNB find a new neighbor in HeNB, the IP discovery and X2 setup procedure is shown in Figure 1 below. There is no problem.
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Figure 1

If the HeNB find a new neighbor in eNB, HeNB can get eNB IP by TNL discovery. The problem is the X2 proxy don’t know the eNB IP. There is no means to route X2 Setup Request message to eNB.
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Figure 2
To solve the problem, there are the following approaches:
Approach 1: There is no HeNB triggered X2 Setup through X2 Proxy.

Rel-11 already supports X2 handover between HeNBs. If the peer HeNB is a Rel-11 and the HeNB don’t trigger X2 setup, it has backward compatibility issue. Therefore, this kind of restriction should be avoided.
Approach 2: Configure the mapping of eNB ID and eNB IP in X2 Proxy.
With this approach, the TNL procedure to get the eNB ID in above figure will be useless. Also there has additional requirement for operators to configure the mapping of eNB ID and eNB IP in X2GW.
Approach 3: For the HeNB triggered X2 setup, the target node IP is added to eNB Configuration Update. For the eNB triggered X2 setup, the target node ID is added to X2 Setup Request message or using neighbor cell info in existing X2 Setup Request message. 
2.2 Problem of G2A, G2B and G1A
If the HeNB find a new neighbor in eNB, HeNB can get eNB IP by TNL discovery. If there is pre-registration/X2 setup procedure between HeNB and X2 Proxy, the HeNB send eNB Configuration Update procedure with eNB IP included. So X2Proxy can trigger X2 setup with eNB. If there is no pre-registration/X2 setup procedure between HeNB and X2 Proxy, the HeNB send X2 setup request with eNB IP included. So X2Proxy can trigger X2 setup with eNB. There is no problem for HeNB triggered X2 setup.
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Figure 3
If eNB find a new neighbour cell in HeNB, the eNB don’t know the release of the peer HeNB. Even if it is a Rel-12 HeNB, it may not support X2 through X2 Proxy. For solution G2A, even if the eNB know the X2 Proxy by configuration, the eNB still don’t know whether send X2 Setup to the node indicated by IP address get by TNL or to the initial configured node. 

There are similar problem for G1A. A slight difference is that there is pre-registration procedure for G1A. eNB can firstly send X2 setup to all the neighbour X2 Proxy. X2 Proxy receiving the X2 Setup message can check whether the peer HeNB registered to the X2 Proxy. If the peer HeNB don't’ register to any X2 Proxy, the eNB send X2 Setup directly to the HeNB. From both operator configuration point of view and specification point of view, it is too complex.

For solution G2B, the eNB receive the MME Configuration Transfer message don’t know it is an IP of a X2 Proxy or a real IP-Sec Transport Layer Address. So the eNB don’t know where to send the X2 setup and whether new IP should be included.
From above analysis, we can see most listed solutions work in one direction and problem existed in another direction. Therefore, the further analysis should be separately i.e. eNB find new neighbor HeNB cell and HeNB find a new neighbor eNB cell.

Observation 1:  Most solutions are not complete for both eNB trigger X2 Setup and HeNB triggered X2 Setup. It is beneficial to separate the further discussion i.e. discusses eNB triggered X2 setup and HeNB triggered X2 Setup separately. 
2.3 Comparison of the solutions.
2.3.1 HeNB triggered X2 Setup

For HeNB triggered X2 Setup, basically, there are the following alternatives:

Solution 11: RNLid@ + mapping of eNB ID and eNB IP in X2 Proxy by configuration

Solution 12: target node ip@ + Legacy TNL address discovery
The comparison of those solutions is given in table 1.

Table 1

	
	eNB Impact
	HeNB Impact
	X2 Proxy function
	Operator configuration
	Note

	Solution 11
	No (
	Yes. 

· Add new ID in X2 Setup or eNB configuration update message

· May need registration
	· Saving the mapping of eNB ID and eNB IP

· Routing X2 messages
	(
	Compare the two solutions, both have no impact on eNB. The HeNB and X2 Proxy function has no big difference. The main drawback for Solution 1 is the requirement for operator configuration.

	Solution 12
	No (
	Yes. 

· Add new IP in X2 Setup or eNB configuration update message

· May need registration
	· Routing X2 messages
	(
	


Observation 2:  For HeNB discovery eNB, Solution 12 is better than solution 11. 
Proposal 1:  For HeNB triggered discovery and X2 Setup, it was proposed to agree the approach that target node ip@eNB Configuration Update/X2 Setup Request + Legacy TNL address discovery. 
2.3.2 eNB triggered X2 Setup

For eNB triggered X2 Setup, there are the following alternatives:

Solution 21: RNLid + registration + X2GW(s) IP@ in eNB by configuration
Solution 22: RNLid + registration + X2GW(s) IP@ in eNB by TNL discovery
Solution 23: target node ip@ + TNL address discovery + X2GW(s) IP@ learnt by ipsec field of TNL discovery
Solution 24: target node ip@ + TNL address discovery + X2GW(s) IP@ learnt by new field added to TNL discovery
The comparison of those solutions is given in table 2.

Table 2
	
	eNB Impact
	HeNB Impact
	X2 Proxy function
	Operator configuration

	Solution 21
	Big impact. Need to try X2 via Proxy first.

(
	No(
	· Saving the mapping of eNB ID and eNB IP

· Routing X2 messages
	(

	Solution 22
	If RNL Id is the existing IE in neighbor cell info, there is no impact on eNB(
If RNL Id is new id IE in neighbor cell info, there is impact on eNB(
	Yes. 

· Add X2Proxy IP in eNB configuration transfer message

· May need registration
	· Routing X2 messages

· If RNL Id is the existing IE in neighbor cell info, X2 Proxy need saving the neighbor cell info.
	( 

	Solution 23
	Add new IP in X2 Setup Request message
	Add X2 Proxy IP in eNB Configuration Transfer message
	· Routing X2 messages
	(

	Solution 24
	Add new IP in X2 Setup Request message
	Add X2 Proxy IP in eNB Configuration Transfer message
	· Routing X2 messages
	(


Solution 21 has big impact on eNB and need operator configuration. This solution should be avoided. Solution 23 and solution 24 is similar. For solution 23, the IP sec function can not be used if the field is used for X2 Proxy. Therefore, solution 24 is better. Compare solution 22 and solution 24, solution 22 have benefits that there is no impact on eNB if RNL Id is existing IE in neighbor cell info. The only drawback is that X2 Proxy needs to save the neighbor information. The X2 Proxy is a new entity. There is no much functionality. It is simple to save the information there. Therefore, solution 22 with existing RNL info should be the first choice. If RNL Id is new IE, solution 22 and solution 24 is comparative.
Observation 3:  For eNB discovery HeNB, Solution 22 has no impact on eNB if the RNL Id is the existing IE in neighbour cell information. Even if it is a new RNL Id, solution 22 don’t need to change eNB Configuration Transfer/MME configuration Transfer procedure to add new X2 GW IP.
Proposal 2:  For eNB triggered discovery and X2 Setup, it was proposed to agree the approach that RNLid + registration + X2GW(s) IP@ in eNB by TNL discovery. 
3   Conclusion
This contribution discussed the solutions for eNB/HeNB discovery and X2 setup. According to the analysis, we have the following observations and proposals:
Observation 1:  Most solutions are not complete for both eNB trigger X2 Setup and HeNB triggered X2 Setup. It is beneficial to separate the further discussion i.e. discusses eNB triggered X2 setup and HeNB triggered X2 Setup separately. 
Observation 2:  For HeNB discovery eNB, Solution 12 is better than solution 11. 
Proposal 1:  For HeNB triggered discovery and X2 Setup, it was proposed to agree the approach that target node ip@eNB Configuration Update/X2 Setup Request + Legacy TNL address discovery. 
Observation 3:  For eNB discovery HeNB, Solution 22 has no impact on eNB if the RNL Id is the existing IE in neighbour cell information. Even if it is a new RNL Id, solution 22 don’t need to change eNB Configuration Transfer/MME configuration Transfer procedure to add new X2 GW IP.
Proposal 2:  For eNB triggered discovery and X2 Setup, it was proposed to agree the approach that RNLid + registration + X2GW(s) IP@ in eNB by TNL discovery. 
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