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1.
Introduction

In RAN3#69 meeting, the neighbouring cell handling and handover type determination were discussed, it has only been agreed that RN knows whether its serving DeNB has an X2 connection with neighbouring eNB via X2 eNB Configuration Update procedure. Several FFSs are still open.
In this paper, we discuss the FFSs by the deployment scenario shown in figure 1.
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Figure 1: The example of deployment scenario
2.
Discussion
2.1 Possible Solutions
There are four possible solutions to inform RN about neighbour information by DeNB.

1) DeNB sends its neighbouring eNB information to RN by eNB Configuration Update procedure, the neighbouring eNB has X2 interface with the DeNB. 
RN will differentiate the information which is related to its serving DeNB or other neighbouring eNBs by comparing eNB-ID contained in Served Cell Information IE with the eNB-ID of itself. If they are same, this is the information related to its serving DeNB. Otherwise, it is the information related to DeNB’s neighbouring eNBs.
2) Add an eNB List in the messages of X2 Setup or eNB Configuration Update procedure. 
The eNB list includes all of the neighbouring eNBs which have X2 interfaces with the RN’s serving DeNB.
3) Extend the length of Served Cell Information IE in eNB CONFIGURATION UPDATE message.
If a neighbouring eNB has X2 interface with RN’s serving DeNB, DeNB informed its neighbouring eNB’s served cells as DeNB’s served cells to RN.

4) Reuse eNB Configuration Update procedure, the neighbouring eNB’s served cells are treated as neighbouring cells of the RN’s serving DeNB.

[1] analyzed the advantages and disadvantages of solution 1), 2) and 3). Solution 2) and 3) have more impacts on existing specifications. We agree with [1] that solution 1) is the better one.
Solution 4) avoids introducing too much modification on specifications, except that the length of Neighbour Information IE might be extended. The drawback of this solution is that RN will be confused by the information given in the message. For example, if a cell is the neighbour of RN but not the neighbour of DeNB, during ANR for cell detection, eNB Configuration Update message is difficult to fill this neighbouring cell’s information because the cell is not any neighbour of DeNB’s serving cell.

As a conclusion, solution 1) is the most suitable solution to provide the information of DeNB’s neighbouring eNBs to RN.
Due to the information of all neighbouring eNBs which have X2 interface towards DeNB is delivered to RN by eNB Configuration Update procedures, it does not indicate whether these neighbouring cells support X2-based HO or not. RN collects the information from eNB Configuration Update procedures and can set the NRT attributes as default value, e.g. all of three attributes set to not checked. The No HO attribute does not need to be delivered from DeNB to RN by X2 signalling, it can be retrieved by the communication between RN O&M and DeNB O&M. RN O&M then updates the NRT in RN. As an alternative, RN can also update No HO after it tried a failure X2 HO.
2.2 Information collection for X2 HO type decision

This section introduces the detail of solution 1).
2.2.1 Initial collection

At the initial attachment, RN initiates X2 interface setup with its serving DeNB.

In X2 SETUP RESPONSE message, the DeNB contains its served cell information in Served Cells IE and contains its neighbouring cell information in Neighbour Information IE. This message is contained only information related DeNB as a normal X2 interface setup between two eNBs.

And then, DeNB will trigger several eNB Configuration Update procedures towards RN. Every eNB CONFIGURATION UPDATE message includes the information of one neighbouring eNB of DeNB.

RN will treat eNB CONFIGURATION UPDATE message which contained different eNB ID with itself as a message which is used to inform RN that this is a notice of X2 presence between DeNB and neighbouring eNB. RN stores the relationship for X2 HO type decision later.

The change of NRT in RN and X2 relationship between DeNB and DeNB’s neighbouring eNB are shown in Figure 2.
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Figure 2: Information collection during X2 setup
2.2.2 Collection during ANR
When the UE camped on RN reports new neighbouring cell detection by ANR, RN should check whether its serving DeNB has connection with the neighbouring eNB2 serving the new neighbouring cell. If there is no X2 connection between DeNB and eNB2, RN is the entity to trigger an X2 connection setup between DeNB and eNB2. RN initiates an S1 eNB Configuration Transfer procedure and further DeNB tries an X2 setup between DeNB and eNB2. The signaling flow is shown below.

[image: image3.emf]RN DeNB eNB2 MME

1. RN finds a new neighbour

cell served by eNB2.

2. S1AP: eNB Configuration Transfer

(SON information, request)

3. S1AP: eNB Configuration Transfer (SON Information, request)

4. S1AP: MME Configuration Transfer

(SON information, request)

5. S1AP: eNB Configuration Transfer

(SON information, response)

6. S1AP: MME Configuration Transfer (SON Information, response)

7. X2 TNL establishment

8. X2AP: X2 Setup Request

9. X2AP: X2 Setup Response

10. X2AP: eNB Configuration Update

(Served cell and neighbour information of eNB2)

11. X2AP: eNB Configuration Update 

Acknowledge


Figure 3: Neighbour information handling
1. RN finds a new cell belonging to eNB2 which does not has X2 interface with RN’s serving DeNB.

2. RN sends S1AP: eNB Configuration Transfer message to obtain the TNL address of eNB2 for X2 TNL establishment.

3. DeNB terminates this eNB Configuration Transfer message initiated by RN, and checks if there is an X2 connection which has been established or not. If not, DeNB initiates a new eNB Configuration Transfer message including a request for SON TNL address, and the source eNB-ID is filled with the DeNB’s eNB-ID.
4. MME forwards DeNB’s request to the target eNB2 by MME Configuration Transfer message.

5. eNB2 replies with eNB Configuration Transfer message towards MME, and includes required TNL address for further X2 connection establishment.

6. MME sends a MME Configuration Transfer message to DeNB including response information of eNB2’s TNL address.
7. The TNL connection of X2 interface is established between DeNB and eNB2.

8. DeNB initiates X2 Setup procedure by sending an X2 Setup Request message to eNB2.

9. eNB2 replies with X2 Setup Response message.

10. DeNB sends an X2AP eNB Configuration Update message to RN to inform that DeNB has a new X2 interface with eNB2. In the message, the served cells of eNB2 are presented in Served Cell Information IE, the neighbouring cells of eNB2 are presented in Neighbour Information IE.

11. RN interprets the eNB Configuration Update message and finds that there is different eNB-ID in the message with RN’s eNB-ID, it means that this message is used to indicate the X2 interface available between RN’s serving DeNB and eNB2. RN sends an eNB Configuration Update Acknowledge message for response. After that, RN can update NRT and set the NRT attributes according to policy.
In the flows, DeNB terminates S1AP eNB Configuration Transfer procedure initiated by RN, and initiates new S1AP eNB Configuration Transfer procedure to obtain the TNL address of target eNB2 and establish the required X2 interface.
During step 2, if DeNB finds that there is an X2 interface with eNB2, the DeNB then terminates the eNB Configuration Transfer procedure initiated by RN and performs an X2 eNB Configuration Update procedure towards RN (i.e. step 10 and step 11 in figure 2), to update the neighbouring eNB information in RN.

If the X2 interface setup fails at step 9, DeNB will not initiate X2AP eNB Configuration Update procedure towards RN, the relationship about the neighbouring eNB in RN is till presented as no connection.

The NRT and X2 available information in RN are shown in Figure 4.
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Figure 4: Information collection by ANR
2.2.2 X2 available information modification
The X2 interface can also be deleted by DeNB’s OAM. When it occurs, DeNB may not inform RN about this change. 
After an attempted X2 handover failure, RN will recognize that the X2 interface is not available according to failure cause. RN modifies its X2 available information to delete the entry of the eNB.

If OAM re-activates the X2 interface, DeNB initiates an eNB Configuration Update procedure can re-active the X2 available information related to the eNB in RN.

As an alternative, the communication between RN O&M and DeNB O&M can also be used to inform the X2 interface re-activation between DeNB and other neighbouring eNB.

2.3 Summary
According to the analysis in section 2.2, we have some conclusions on the issues which still keep as open after last meeting.

Q1: whether the DeNB needs to store its neighbor’s TNL information to be able to proxy an eNB configuration update procedure?
A1: According to section 2.2, DeNB will store its neighbour’s TNL information because it is the only entity that always initiates X2 Setup procedure.
Q3: Whether DeNB needs to tell the RN the GU Group ID of the neighboring eNBs?
A3: If the solution 1) suggested in 2.1 and 2.2 is adopted, eNB Configuration Update procedure can be used to provide neighbouring eNB’s information, and the GU Group ID of neighbouring eNBs can be known at RN after message exchange.
Q4: Which node decides the HO type?
A4: RN is the suitable node to decide HO type after it retrieved enough neighbour information.
Q5: Any specific ANR handling for RN?
A5: The RN can have the ability to distinguish the neighbour information about DeNB and other eNBs via comparing eNB-ID with itself.
3.
Conclusion

It is proposed for RAN3 to agree the following conclusions:

· eNB Configuration Update procedure is also used for inform RN about the X2 availability between DeNB and DeNB’s neighbouring eNB.
· DeNB is always the entity to trigger an X2 Setup procedure when RN or DeNB finds that there is no X2 connection between the DeNB and the neighbouring eNB.

· RN can retrieve the GU Group IDs of neighbouring eNBs by eNB Configuration Update procedures.

· RN is the node to decide the HO type.

· RN should have the ability to compare its eNB-ID with the eNB-ID contained in eNB Configuration Update message, and differentiates whether it indicates the information related to DeNB or DeNB’s neighbouring eNBs.
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