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1 Introduction

During RAN3 #79 meeting, two groups of solutions were identified in [1]:

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 discovery 
In this contribution, the solutions to TNL address discovery and X2 setup are discussed, together with our recommendations.

2 Discussion
2.1 TNL Address Discovery
Regarding the TNL address discovery of X2GW IP@, all the 7 solutions can be divided into two categories:
· Solution G1A/G1C/G2A: X2GW(s) IP@ in eNB by configuration; 
· Solution G1B/G1D/G2B/G2C: X2GW(s) IP@ in eNB by TNL address discovery. 

Moreover, there are 2 candidate methods for X2GW IP@ configuration in eNB: 
· Full configuration: X2-GW IP@(s) and the IP@s of the HeNBs served by X2-GW(s) are provided to the eNB; 
· Partial configuration: Only X2-GW IP@ (s) are configured. 
For case of full configuration, a large number of manual configurations are expected. Furthermore, there would be more troubles if the HeNBs and eNBs belong to different operators because the operators need to exchange the deployment information.
For case of partial configuration, in spite of less manual configurations are foreseen, the problem is that the eNB could not address HeNB via a known X2-GW when it initiates X2 setup procedure towards the HeNB. One solution could be that eNB sends messages to all X2-GWs that it connected and waits for successful response from the correct one. However, this solution may cause many unnecessary X2 signalings which are not desirable. 

Based on the above discussions, we propose to exclude solution G1A/G1C/G2A first.
Proposal 1: Solution G1A/G1C/G2A shall not be considered for further discussion.
2.2 X2 Setup
In this section, solutions G1B/G1D/G2B/G2C are compared for prioritization. Furthermore, our discussion is based on the following assumptions:
· The node who initiates TNL Address Discovery procedure shall initiate X2 Setup procedure;
· HeNB will establish SCTP association with X2-GW after switched on;
· Regarding the neighboring eNB and HeNB, it is assumed no existing X2 connection between eNB and X2-GW, or between X2-GW and HeNB.

2.2.1 Group 1
In this section, the solutions for comparison are G1B/G1D. The difference between them is the message used for HeNB registration. 
Case 1: eNB1 initiates TNL address discovery procedure

In case of end-to-end (E2E) mechanism, the signaling flow of TNL address discovery and X2 setup procedure in case that eNB1 initiates TNL address discovery procedure is shown in Fig.1.
1) When UE reports the discovery of HeNB1, eNB1 will initiate TNL address discovery procedure with legacy message; 

2) HeNB1 will reply to eNB1with IP@ of X2-GW1 instead of IP@ of itself. After that HeNB1 registers itself to X2-GW1 with its IP@ and eNB ID to facilitate the establishment of mapping table in X2-GW1;

3) After receiving response from HeNB1, eNB1 sets up SCTP association with X2-GW1; 

4) X2 setup request message sent by eNB1 is routed based on the newly added HeNB1 ID within the message and the mapping table maintained by X2-GW1.
Note: If HeNB1 needs to set up another X2 connection with another eNB, it will establish new SCTP association for the new X2 connection.
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Fig.1: eNB initiates TNL address discovery procedure

While in case of hop-by-hop (H2H) mechanism, the X2 connection between X2-GW1 and HeNB1 will be established once HeNB1 was switched on. When eNB1 initiates X2 Setup procedure towards HeNB1, X2-GW1 can terminate this setup procedure and initiate eNB Configuration Update procedure towards HeNB1.

Case 2: HeNB1 initiates TNL address discovery procedure

In case of E2E mechanism, the signaling flow of TNL address discovery and X2 setup procedure in case that HeNB1 initiates TNL address discovery procedure is shown in Fig.2.

1) When UE reports the discovery of eNB1 to HeNB1, HeNB1 will initiate TNL address discovery procedure towards eNB1 with IP@ of X2-GW1 instead of IP@ of itself; 

2) HeNB1 will register eNB1 to X2-GW1 after receiving the IP@ of eNB1 by MME Configuration Transfer message to facilitate the establishment of the mapping table in X2-GW1; 
3) X2 setup request message sent by HeNB1 is routed based on the newly added eNB1 ID within the message and the mapping table maintained by X2-GW1.
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Fig.2: HeNB initiates TNL address discovery procedure
While in case of H2H mechanism, the X2 connection between X2-GW1 and HeNB1 will be established once HeNB1 was switched on. When HeNB1 initiates X2 Setup procedure towards eNB1, X2-GW1 can terminate this setup procedure and decide which procedure will be initiated towards eNB1.

Therefore, regarding G1B/G1D, we can observe that:

· The solutions are applicable for both E2E and H2H mechanisms;
· New logic needs to be introduced for HeNB to determine whether the IP@ of itself or IP@ of X2-GW shall be applied during TNL address discovery procedure, if the HeNB has both direct and indirect (via X2-GW) X2 connections;
· New logic needs to be introduced for HeNB to determine which one shall be registered, i.e. itself or target eNB, during the registration procedure;
· The solutions require modification in X2 Setup Request message and new message for HeNB/eNB registration;
· X2-GW needs to maintain the mapping table for routing X2 signalling.
2.2.2 Group 2
In this section, the solutions for comparison are G2B/G2C. The common characters of G2B and G2C are listed as below:

· Either reuse existing IE of TNL address discovery procedure but for other purpose or add new IE in the messages; 
· X2 setup request message is routed based on IP@ of target (H)eNB.
Case 1: eNB1 initiates TNL address discovery procedure

The signalling flow of TNL address discovery and X2 setup procedure in case that eNB1 initiates TNL address discovery procedure is shown in Fig.3.

1) When UE reports the discovery of HeNB1, eNB1 will initiate TNL address discovery procedure with legacy message; 

2) HeNB1 will reply to eNB1with the IP@s of X2-GW1and itself;

3) After receiving response from HeNB1, eNB1 sets up SCTP association with X2-GW1; 

4) X2 setup request message sent by eNB1 is routed based on the newly added HeNB1 IP@ additionally within the message. 
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Fig.3: eNB initiates TNL address discovery procedure
Case 2: HeNB1 initiates TNL address discovery procedure

The signaling flow of TNL address discovery and X2 setup procedure in case that HeNB1 initiates TNL address discovery procedure is shown in Fig.4.
4) HeNB1 will initiate TNL address discovery procedure to eNB1 with IP address of X2-GW1 and itself when UE reports the discovery of eNB1 to HeNB1; 

5) HeNB1 will notify X2-GW1 the IP@s of eNB1 via X2 Setup Request message after receiving IP@ of eNB1 in the MME Configuration Transfer message, so that X2-GW1 can establish SCTP association with eNB1; 

6) X2 setup request message sent by HeNB1 is routed based on eNB1 IP@.
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Fig.4: HeNB initiates TNL address discovery procedure

Therefore, for G2B/G2C we observe that:

· The solutions are applicable for both E2E and H2H mechanisms;
· It is not necessary for X2-GW to maintain a mapping table;
· New logic needs to be introduced for HeNB to determine whether the IP@ of X2-GW shall also be dispatched during TNL address discovery procedure, if the HeNB has both direct and indirect (via X2-GW) X2 connections;

· Modification in X2 Setup Request message is required.
2.2.3 Comparison
Based on analysis in Section 2.1.1 and 2.1.2, we conclude the discussions in the comparison Table-1.

Table-1: Comparison table
	
	
	G1B
	G1D
	G2B
	G2C

	eNB impact
	eNB behavior is changed.  (
	eNB behavior is changed.  (

	HeNB impact
	HeNB behavior is changed. (
	HeNB behavior is changed. (

	Size of new IE
	eNB/MME Configuration Transfer
	0 (
	0 (
	32 bits or 128 bits (

	
	X2 setup request 
	28bits (
	32 bits or 128 bits (
	32 bits or 128 bits (

	Registration
	Via Modified X2 setup request message ( 
	Via new message (
	No. (
	No. (

	X2-GW functionality
	Maintain the mapping table;

Look up (H)eNB ID and translate this ID into IP@;

Set up SCTP association and X2 connection with (H) eNB.(
	Maintain the mapping table;

Look up (H)eNB ID and translate this ID into IP@; 
Set up SCTP association and X2 connection with (H) eNB. (
	Look up (H)eNB IP;

Set up SCTP association and X2 connection with (H) eNB. (
	Look up (H)eNB IP;

Set up SCTP association and X2 connection with (H) eNB. (

	SA requirement violations
	No. (
	 No. (
	IPsec tunnel mode is unavailable in some cases. (
	No. (

	Other 
	No. (
	No. (
	It could result in IE abuse/misuse. (
	No. (


Hereby, we observe that G2C is slightly more preferable than the other solutions. So, we propose that: 
Proposal 2: It is proposed to take solution G2C as the way forward for TNL address discovery and X2 setup.
3 Conclusion

In this contribution, the solutions to TNL address discovery and X2 setup are discussed. Our proposals are summarized as follows:

Proposal 1: Solution G1A/G1C/G2A shall not be considered for further discussion.
Proposal 2: It is proposed to take solution G2C as the way forward for TNL address discovery and X2 setup.
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