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1 Introduction

During the offline discussion at RAN3 #70 meeting, two possible solutions were discussed [1]. Moreover, it was further clarified how to reuse Rel-8/9 TNL address discovery procedure during the post-meeting email discussion #13.

There are two cases where no X2 IF is established between the DeNB and the neighbouring eNB that have been considered:

-  Case I: A Neighbouring eNB discovers an RN via UE ANR;
-  Case II: An RN discovers a neighbouring eNB via UE ANR.

In this contribution, we provide the overall TNL address discovery flow charts for the above two cases where there is no X2 IF established between the DeNB and the neighbouring eNB. Then we address the remaining issues in this subject.
2 TNL address discovery flow charts
For easy understanding, the overall TNL address discovery flow charts are provided for Case I and Case II based on [2][3][4][5][6]. An example relay deployment scenario is used in this discussion as illustrated in Figure 1, where DeNB_1 serves both Relay_11 and Relay_12. There are two neighbouring eNBs of DeNB_1 and its RNs (Relay_11 and Relay_12) are also shown, eNB_2 and eNB_3, with which DeNB has no X2 IF established.
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Figure 1: Relay Deployment Scenario Example

2.1 Case I: A Neighbouring eNB discovers an RN via UE ANR
In this case, eNB_2 discovers Relay_11’s cell as a new neighbouring cell via its served UE, and initiates the X2 TNL address discovery and X2 setup procedure. As displayed in Figure 2, step 1-7 are based on the neighbour discovery procedures specified in release 8/9 [7][8][9].
In addition, after the X2 interface is set up between DeNB_1 and eNB_2, DeNB_1 informs its RNs (Relay_11 and Relay_12) the newly available X2 IF between DeNB_1 and eNB_2 by initiating eNB Configuration Update procedure. As shown in step 8, DeNB_1 sends Relay_11 an ENB CONFGIURATION UPDATE message, in which the cell information of eNB_2 is included as Served Cell Information in the Served Cells To Add IE.
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Figure 2: A Neighbouring eNB discovers an RN via UE ANR
2.2 Case II: An RN discovers a neighbouring eNB via UE ANR
In this case, Relay_11 discovers eNB_2’s cell as a new neighbouring cell via its served UE, and requests the X2 TNL address information of eNB_2 by sending an ENB CONFIGURATION TRANSFER message to DeNB_1. 
Upon receipt of the message, DeNB_1 checks if there is X2 interface available towards eNB_2. If not, DeNB_1 then initiates the X2 TNL address discovery and X2 setup procedure by forwarding the ENB CONFIGURATION TRANSFER message to the MME as displayed in step 3-8 in Figure 3, which are based on the neighbour discovery procedures specified in release 8/9 [7][8][9].
Moreover, after the X2 interface is set up between DeNB_1 and eNB_2, instead of replying to Relay_11 with an MME CONFIGURATION TRANSFER message, DeNB_1 informs its RNs (Relay_11 and Relay_12) the newly available X2 IF between DeNB_1 and eNB_2 by initiating eNB Configuration Update procedure. 

As shown in step 9, DeNB_1 sends Relay_11 an ENB CONFGIURATION UPDATE message, in which the cell information of eNB_2 is included as Served Cell Information in the Served Cells To Add IE.
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Figure 3: An RN discovers a neighbouring eNB via UE ANR
3 Further clarification
The above TNL address discovery flow charts demonstrate that the existing TNL address discovery procedures can be reused for relays in both cases and no enhancement is necessary.
In both cases, when the X2 interface becomes available between the DeNB and a neighbouring eNB, DeNB informs its RNs the availability of the X2 IF by initiating eNB Configuration Update procedure. In the ENB CONFGIURATION UPDATE message sent from the DeNB to its RNs, the cell information of the new neighbouring eNB is included as Served Cell Information in the Served Cells To Add IE.
However, there are several issues with Case II when an RN discovers a neighbouring eNB. 
Issue 1: Is it necessary for the DeNB to send the MME Configuration Transfer message to the RN for acknowledgement? 
Option 1 – Yes
Pros: Upon receipt of the MME Configuration Transfer message, the RN knows the previous eNB Configuration Transfer is successful.

Cons: Some routing issues when multiple RNs initiate the TNL address discovery procedure at the same time. As a result, when and how to send this message need further study.

Option 2 – No
Pros: Simple and no issues for further study.
Cons: The RN may initiate a retransmission of eNB Configuration Transfer message when the timer expires before receiving the eNB Configuration Update message.

Issue 2: How to route the MME Configuration Transfer message when multiple RNs initiate the TNL discovery procedure at the same time?
As pointed out in [4], there is a routing issue when multiple RNs served by a DeNB initiate the TNL discovery procedure by sending the eNB MME Configuration Transfer message at the same time. In macro system, the MME sends the MME Configuration Transfer message to target eNB based on the target eNB ID IE. Since all the RNs share the same eNB ID, the DeNB cannot know which RN is the target node to forward the MME Configuration Transfer message to. 
As discussed in Issue 1, if MME Configuration message is to be sent, further study is required to solve the routing issue. However, if no MME Configuration message is required, there won’t be any routing issue.
4 Conclusion

This paper provided the message flow charts for TNL address discovery procedures for relays, and discussed some remaining issues. The conclusions are as follows:

Proposal 1: when the X2 interface becomes available between the DeNB and a neighbouring eNB, DeNB should inform its RNs the availability of the X2 IF by initiating eNB Configuration Update procedure. In the ENB CONFGIURATION UPDATE message sent from the DeNB to its RNs, the cell information of the new neighbouring eNB shall be included as Served Cell Information in the Served Cells To Add IE. 

Proposal 2: ENB CONFGIURATION UPDATE messages shall contain information regarding only one node when used to inform the RN the X2 availability between the DeNB and the neighbouring eNB.
Proposal 3: As to the necessity of sending the MME Configuration Transfer message from the DeNB to the RN, we choose “No” as our first preference. However, we are also fine to have it as an implementation option if majority of companies prefer it. 
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