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1 Introduction 
The way forward for X2-GW connectivity requirements was agreed in last RAN3#78 meeting in [1]. Here we focus on some potential issues raised in X2 connection for X2-GW deployment.

2 Discussion

2.1 End-to-End or Hop-by-Hop
There are two alternative solutions for X2-GW:

· Solution 1: X2 Routing Proxy, End-to-End
· Solution 2: X2-Proxy, Hop-by-Hop
Accordingly, there are two kinds of X2 connections between eNB and HeNB via X2-GW, i.e. hop-by-hop and end-to-end. On solution 1 X2 Routing Proxy solution, X2-GW only acts as a routing entity and doesn’t execute RNL functions. The X2 connection is established between eNB and HeNB which needs route via X2-GW. While on solution 2 X2-Proxy solution, the X2-GW has the X2-proxy function, which is similar as the X2 proxy function of DeNB. The X2 connection is setup Hop-by-Hop, one is between eNB and X2-GW and the other is between X2-GW and HeNB.
Therefore, the following issues will be discussed based on the above two options.
2.2 How to achieve RNL-ID and TNL-address mapping at X2-GW
X2 AP messages forwarding could be based on direct RNL-ID and TNL-address mapping or RNL-ID derived from neighbour cell information and TNL-address mapping. For the latter one, the HeNB ID needs to be inferred from the neighbour list in the X2 Setup message and it is possible that it contains more than one new cells in which case X2-GW may not correctly determine the destination (H)eNB. Therefore, it is a preferable way that X2-GW achieves and maintains RNL-ID and TNL-address mapping table containing entries of each connected HeNB/eNB for X2 AP messages routing.
Proposal1: X2-GW achieves and maintains RNL-ID and TNL-address mapping table containing entries of each connected HeNB/eNB for X2 AP messages routing.
End-to-End option: 
Since the X2-GW does not terminate the X2 interface, usually the eNB/HeNB will trigger X2 SETUP procedure after TNL address discovery procedure.
The HeNB will be configured with the IP address of the X2-GW when connected to an X2-GW, and it will start up an SCTP association between HeNB and X2-GW when HeNB switches on. If HeNB detects the new neighbour cell of eNB, it will trigger TNL address discovery procedure to achieve the IP address of the eNB. Then the X2 Setup request will be sent to the target eNB from the source HeNB via X2-GW, and X2-GW will store the HeNB ID and HeNB TNL-address mapping information. Moreover, if the X2 SETUP request message includes the target eNB ID and the eNB TNL-address info, then X2-GW can store the eNB ID and eNB TNL-address mapping information simultaneously. Else the eNB ID and the eNB TNL-address info need to be achieved after the establishment of SCTP association between X2-GW and eNB.
Furthermore, if we consider the scenario that X2-GW is deployed together with serving S1 GW in the same HeNB GW, RNL-ID and TNL-address mapping info can be derived from the TNL address discovery procedure, which needs HeNB GW decode the MME/eNB Configuration Transfer message. Though it introduces new logic to HeNB GW when it dealing with the MME/eNB Configuration Transfer message, it reduces the mapping information handling in X2-GW, which minimizes the complexity of the X2-GW.
Proposal2: If X2-GW is deployed together with serving S1 GW in the same HeNB GW, RNL-ID and TNL- address mapping info can be derived from the TNL address discovery procedure, which needs HeNB GW decode the MME/eNB Configuration Transfer message. It reduces the mapping information handling in X2-GW, which minimizes the complexity of the X2-GW on End-to-End option.
Hop-by-Hop option:
Since the X2-GW terminates the X2 interface, the establishment of the X2 trunks between a HeNB and the X2-GW and between an eNB and the X2-GW are independent. 
The HeNB will be configured with the IP address of the X2-GW when connects to an X2-GW, it will start up an SCTP association between HeNB and X2-GW when HeNB switches on. Then HeNB will trigger the X2 SETUP procedure with X2-GW, X2-GW can store the HeNB ID and HeNB TNL-address mapping information, and get the serving cells information related with the HeNB at the same time. In a similar way, when an SCTP association between eNB and X2-GW is established, X2-GW can achieve the eNB ID and eNB TNL-address mapping information from the X2 SETUP procedure.
Since the X2-GW is a full proxy node, we can conclude that the above handling in X2-GW to achieve mapping information for routing purpose has already been supported.

Proposal3: X2-GW achieves and maintains the eNB ID and eNB TNL-address mapping information from the X2 SETUP procedure naturally on Hop-by-Hop option.
2.3 How to reduce the TNL address discovery procedure to HeNBs
Considering the deployment of HeNBs in the network, if eNB is deployed in high density of HeNB area where there are up to several hundred HeNBs under the coverage of the eNB, it will be busy with detecting HeNBs and disturbed by frequently initiating TNL address discovery procedure to HeNBs. Therefore how to reduce the TNL address discovery procedure to HeNBs and decrease the signalling overload to MME will be another important issue.
End-to-End option:
Here is the traditional signalling flow for the TNL address discovery procedure to HeNBs.
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 Figure1: the traditional signalling flow for the TNL address discovery procedure to HeNBs based on End-to-End option

According to Figure1, we can see that the following processes need to be introduced:
1) On step1, X2-GW needs to achieve and store the current HeNBs ID and the corresponding TNL addresses mapping info for X2 AP messages transferring. For example, HeNB establishes an SCTP association and sends a special X2-setup request to the X2-GW at start-up,  or initiates a new procedure to X2-GW, e.g., registration procedure (ala 3G) to indicating HeNB-Id.

2) The target (H)eNB ID needs to be introduced in X2 AP messages for routing purpose. Especially, the source (H)eNB ID also needs to be introduced in some X2 AP messages to avoid the confusion caused by the delay over X2 interface, e.g., X2 Setup Failure message. Such (H)eNB pair identification is needed in case of parallel X2 AP procedures involving different (H)eNB pairs, because there has the possibility that the source node will receive the response message out of order. 
In addition, if UE detects other serving cells of the different HeNBs connected with X2-GW, eNB still need to trigger the TNL address discovery procedure to these HeNBs in order to complete the X2 Setup procedure with different target HeNBs.
If X2-GW can store and transfer the cell information related withH(e)NBs, the TNL address discovery procedure to HeNBs can be reduced, and the signalling flow is shown as below.


[image: image2.emf]HeNB1

MME

5. MME Configuration Transfer

（

eNB TNL addr

）

4.MME Configuration 

Transfer

(eNBTNL addr)

7.eNB Configuration Transfer

(X2 GW TNL addr)

3. eNB Configuration Transfer

(eNB TNL addr)

6.eNB Configuration Transfer

(X2 GW TNL addr)

8.MME Configuration Transfer

X2 GW TNL addr)

12. X2 Setup Response

（

HeNB1 ID,serving cells information of HeNB1,serving cells information of HeNB2

eNB ID

）

2.UE detects the cell 

of HeNB1. 

eNB

X2 SCTP connection

9. X2 Setup Request

（

eNB ID, serving cells information of eNB,HeNB1 ID

）

11. X2 Setup Response

（

HeNB1 ID, serving cells 

information of HeNB1, 

eNB ID

）

10. X2 Setup Request

（

eNB ID, serving cells 

information of eNB, 

HeNB1 ID

）

HeNB2

S1-GW X2-GW

Preconfigured with 

X2-GW TNL addr. 

X2 SCTP connection

Preconfigured with 

X2-GW TNL addr. 

X2 SCTP connection

1.Mapping infor:

HeNB1-ID, HeNB1 TNL-address, 

serving cells information of HeNB1;

HeNB2-ID, HeNB2 TNL-address,  

serving cells information of HeNB2;

14.UE detects the 

cell of HeNB2, 

which has already 

listed in the NRT.

13.Mapping infor:

HeNB1-ID, HeNB1 TNL-address, 

serving cells information of HeNB1;

HeNB2-ID, HeNB2 TNL-address,  

serving cells information of HeNB2;

eNB-ID, eNB TNL-address,

serving cells information of eNB;

X2 AP messages


Figure2: the optimized signalling flow for the TNL address discovery procedure to HeNBs based on End-to-End option

According to Figure2, we can see that the following processes need to be introduced:

1) On step1, X2-GW needs to achieve and store the current HeNBs ID and the corresponding TNL addresses mapping info for X2 AP messages transferring, and the serving cells information of HeNBs at the same time. 

2) On step 12, when X2-GW transfers the X2 Setup Response to eNB, all the serving cells information of HeNBs stored in the X2-GW needs to be notified to eNB. If UE detects serving cell of the HeNB2 connected with X2-GWwhich has already existed in the local NRT of eNB, eNB will acknowledge that the X2 connection between HeNB2 and X2-GW has already completed. Thus the TNL address discovery procedure to HeNB2 is not needed any more. However, the X2 Setup procedure between eNB and HeNB2 is still necessary in order to transfer the serving cells information of eNB to HeNB2.
3) The target (H)eNB ID needs to be introduced in X2 AP messages for routing purpose. Especially, the source (H)eNB ID also need to be introduced in some X2 AP messages to avoid the confusion caused by delay over X2 interface, e.g., X2 Setup Failure message. Such (H)eNB pair identification is needed in case of parallel X2 AP procedures involving different (H)eNB pairs, because there has the possibility that the source node will receive the response message out of order.
Proposal4: X2-GW stores and transfers the serving cells information of  the connected H(e)NBs to the peer node as well in order to reduce the TNL address discovery procedures, which increases the complexity of the X2-GW on End-to-End option.
Hop-by-Hop option:
The signalling flow for the TNL address discovery procedure to HeNBs is shown as below.

[image: image3.emf]HeNB1

MME

5. MME Configuration Transfer

（

eNB TNL addr

）

4. MME Configuration 

Transfer

(eNBTNL addr)

7. eNB Configuration 

Transfer

(X2 GW TNL addr)

3. eNB Configuration Transfer

(eNB TNL addr)

6. eNB Configuration Transfer

(X2 GW TNL addr)

8. MME Configuration Transfer

X2 GW TNL addr)

10. X2 Setup Response

（

X2 GW ID,serving cells information of HeNB1, serving cells information of 

HeNB2

）

2.UE detects the cell 

of HeNB1. 

eNB

X2 SCTP connection

9. X2 Setup Request

（

eNB ID, serving cells information of eNB

）

HeNB2

S1-GW X2-GW

Preconfigured with 

X2-GW TNL addr. 

X2 SCTP connection

Preconfigured with 

X2-GW TNL addr. 

X2 SCTP connection

1.Mapping infor:

HeNB1-ID, HeNB1 TNL-address, 

serving cells information of HeNB1;

HeNB2-ID, HeNB2 TNL-address,  

serving cells information of HeNB2;

13.UE detects the 

cell of HeNB2, 

which has already 

listed in the NRT.

11.Mapping infor:

HeNB1-ID, HeNB1 TNL-address, 

serving cells information of HeNB1;

HeNB2-ID, HeNB2 TNL-address,  

serving cells information of HeNB2;

eNB-ID, eNB TNL-address,

serving cells information of eNB;

X2 AP messages

X2 Setup Request

X2 Setup Response

X2 Setup Request

X2 Setup Response

11. eNB Configuration 

Update

(serving cells information 

of eNB)

12. eNB Configuration Update

(serving cells information of eNB)


Figure3: the optimized signalling flow for the TNL address discovery procedure to HeNBs based on Hop-by-Hop option

According to Figure3, we can see the following points:
1) On step1, X2-GW needs to achieve and store the current HeNBs ID and the corresponding TNL addresses mapping info for X2 AP messages transferring, and the serving cells information of HeNB at the same time. Since the X2-GW terminates the X2 interface, this can be achieved by X2 Setup procedure between HeNB and X2-GW easily and naturally.
2) On step 10, when X2-GW terminates the X2 Setup procedure between HeNB1 and eNB, all the serving cells information of HeNBs stored in the X2-GW can be notified to eNB on X2 Setup Response message.  And after X2-GW gets the serving cells information of eNB, it can notify these to all the HeNBs connected with X2-GW by eNB Configuration Update message. If UE detects serving cell of the HeNB2 connected with X2-GW which has already existed in the local NRT of eNB, eNB will acknowledge that the X2 connection between HeNB2 and X2-GW has already completed. Thus the TNL address discovery procedure to HeNB2 is not needed any more. On this solution, the X2-GW has the full X2-proxy function, which means the X2-GW needs individual X2-GW ID for X2 AP messages dealing.
Since the X2-GW works as a full proxy under this option, X2-GW has the capability to store and deal with the related cells information naturally. Therefore, there is no additional processing burden to X2-GW.
Proposal5: X2-GW supports to store and deal with the related cells information naturally in order to reduce the TNL address discovery procedures, when the X2-GW works as a full proxy on Hop-by-Hop option. 
3 Conclusion and proposals
In this paper, we discussed issues and solutions for X2 connection via X2-GW based on End-to-End option and Hop-by-Hop option. According to the above analysis, the following proposals are raised in RAN3:

Proposal1: X2-GW achieves and maintains RNL-ID and TNL-address mapping table containing entries of each connected HeNB/eNB for X2 AP messages routing.
Proposal2: If X2-GW is deployed together with serving S1 GW in the same HeNB GW, RNL-ID and TNL- address mapping info can be derived from the TNL address discovery procedure, which needs HeNB GW decode the MME/eNB Configuration Transfer message. It reduces the mapping information handling in X2-GW, which minimizes the complexity of the X2-GW on End-to-End option.
Proposal3: X2-GW achieves and maintains the eNB ID and eNB TNL-address mapping information from the X2 SETUP procedure naturally on Hop-by-Hop option.
Proposal4: X2-GW stores and transfers the serving cells information of  the connected H(e)NBs to the peer node as well in order to reduce the TNL address discovery procedures, which increases the complexity of the X2-GW on End-to-End option.
Proposal5: X2-GW supports to store and deal with the related cells information naturally in order to reduce the TNL address discovery procedures, when the X2-GW works as a full proxy on Hop-by-Hop option. 
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