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1 Introduction

At the RAN3 meeting #69, based on the agreed working assumption that “in R10 we have eNB ID of RN == eNB ID of DeNB”, the way forward on the neighbour cells handling and HO type determination has been agreed and captured in [1]: 
“RN knows whether its serving DeNB has an X2 with the neighbouring eNB via X2 eNB Configuration Update procedure. It is FFS whether the X2 setup procedure can also be used.” 
Based on these agreements, this contribution looks at Automatic Neighbour Relations (ANR) function in relays, and addresses the potential issues.
2 Discussion
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Figure 1: Relay Deployment Scenario Example

As specified in TS36.300, for each cell that an eNB has, the eNB keeps a Neighbour Relation Table (NRT). Each NR has three attributes, the NoRemove, the NoHO and the NoX2 attribute. These attributes in the NRT entry are defined either by O&M or set to default values, which have the following definitions:

-
No Remove:
If checked, the eNB shall not remove the Neighbour cell Relation from the NRT.

-
No HO: 

If checked, the Neighbour cell Relation shall not be used by the eNB for handover 
                         reasons.

-
No X2: 

If checked, the Neighbour Relation shall not use an X2 interface in order to initiate 
                         procedures towards the eNB parenting the target cell.

Neighbour cell Relations are cell-to-cell relations, while an X2 link is set up between two eNBs. Neighbour cell Relations are unidirectional, while an X2 link is bidirectional.

The ANR function also allows O&M to manage the NRT. O&M can add and delete NRs. It can also change the attributes of the NRT. The O&M system is informed about changes in the NRT.

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, and DeNB_2 serves Relay_21. There are X2 interface between the relays and their DeNBs. Moreover, as shown in Figure1 (b) X2 interface has been set up between DeNB_1 and DeNB_2, as well as DeNB_2 and eNB_3. However, there is no X2 between DeNB_1 and eNB_3.
Based on the agreed WF, Relay_11 and Relay12 know that DeNB_1 has an X2 with DeNB_2 via X2 eNB Configuration Update procedure and X2 setup procedure (FFS). Similarly, Relay_21 knows that DeNB_2 has X2 with DeNB_1 and eNB_3.
2.1 RN’s NRT vs. DeNB’s NRT
In current relay architecture, a RN acts as a normal eNB that serves UEs, and a RN has an X2 interface towards its DeNB.  Therefore, a RN shall keep a NRT (RN’s NRT) for each of its cells. 

Based on current RAN3 agreement that RN shares the same eNB ID as its DeNB, a cell of a RN can be seen as a served cell of its DeNB. It seems logical that the DeNB keeps a NRT (DeNB’s RN NRT) for each of the RN’s cells. 

Proposal 1: A RN shall keep a NRT for each of its cells.

Proposal 2: A DeNB shall keep a NRT for each of its RNs’ cells.
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Figure 2: Example NRT for Relay_11’s cell at DeNB_1 and Relay_11
Figure 2 shows an example of the NRT for one of Relay_11’s cells at DeNB_1 and Relay_11. Because X2 interface has been set up between DeNB_1 and DeNB_2 and Relay_11 knows it, in both NRTs there is NR with the Target Cell Identifier (TCI) of DeNB_2’s cell. Moreover, Relay_11 may discover eNB_3 as its neighbour as discussed in [2][3][4], there may be a new NR with the TCI of eNB_3. As suggested in [4], this information will be communicated with DeNB_1 and DeNB_1 may add this NR into its NRT for Relay_11. This paper focuses on the potential inconsistency issue between these NRTs.

2.2 Consistency Issue between RN’s NRT and DeNB’s NRT
The attributes in the RN’s NRT and the DeNB’s NRT are defined either by O&M or set to default values. Based on current RAN3 WA that a RN and its DeNB may have different Q&M systems, the NRTs of RN’s and DeNB’s may not be consistent. 

Proposal 3: The RN’s NRT and the DeNB’s RN NRT should be synchronised to be inline with each other. If inconsistency happens, an alarm shall be sent to O&M. 

General

Among these three attributes associated with a NRT entry, NoHO and NoX2 are closely related to HO handling in relay architecture. In general, it is understood that

1) NoHO is used at cell level, which indicates that HO is prohibited from a source cell to a target cell;

2) NoX2 is used at node level, which indicated that the establishment of an X2 connection between the eNB controlling the source cell and the eNB controlling the target cell is prohibited.

Considering the NoHO is a cell level attribute, therefore this attribute should be based on RN’s setting.

Considering the NoX2 is a node level attribute and a RN can be seen as a served cell of its DeNB, therefore this attribute should be based on DeNB’s setting.

Proposal 4: When inconsistency happens regarding the attribute “NoHO”, it is assumed that the RN has the correct setting.  
Proposal 5: When inconsistency happens regarding the attribute “NoX2”, it is assumed that the DeNB has the correct setting.  

Open Issues
Four cases are considered regarding the inconsistency issue.
Case 1.1: for a target cell, the NoX2 is checked in the RN’s NRT while unchecked in the DeNB’s RN NRT
In this case, the RN believes that it shall not have an X2 with the patenting eNB. For example, the NoX2 attribute of TCI (eNB_3) is checked in the Relay_11’s NRT while unchecked in the DeNB_1’s NRT for Relay_11’s cell. 

1) When Relay_11 discovers the neighbouring eNB_3, it will not initiate the X2 setup procedure.

    This situation is very difficult to find out.

2) When eNB_3 discovers Relay_11’s cell and sets up the X2 with DeNB_1, Relay_11 may still refuse to initiate any X2-AP procedure towards eNB_3. 
Case 1.2: for a target cell, the NoX2 is unchecked in the RN’s NRT while checked in the DeNB’s RN NRT
In this case, the Relay_11 is not aware that it shall not have an X2 with eNB_3. When Relay_11 discovers the neighbouring eNB_3, it will initiate the X2 setup procedure. DeNB_1 checks its NRT and rejects the request. In this situation, an alarm should be sent to the O&M system.

Case 2.1: for a target cell, the NoHO is checked in the RN’s NRT while unchecked in the DeNB’s NRT
In this case, the RN believes that X2 HO shall not be used for the neighbouring cell. For example, the NoHO attribute of TCI (eNB_3) is checked in the Relay_11’s NRT while unchecked in the DeNB_1’s NRT for Relay_11’s cell. Relay_11 never initiates X2 HO towards the neighbouring cell in eNB_3. This situation is very difficult to find out.

Case 2.2: for a target cell, the NoHO is unchecked in the RN’s NRT while checked in the DeNB’s NRT
In this case, when Relay_11 initiates X2 HO towards the neighbouring cell in eNB_3 via DeNB_11, DeNB_1 checks its NRT and may forward the request. In this situation, an alarm should be sent to the O&M system.
There issues are summarised in the following table.

	Case
	RN: 
No X2
	RN: 
No HO
	DeNB: No X2
	DeNB: No HO
	Action

	1.1
	✓
	
	
	
	Difficult to detect

	1.2
	
	
	✓
	
	X2 set up detected in DeNB and O&M is alerted.

	2.1
	
	✓
	
	
	RN never initiates HO

	2.2
	
	
	
	✓
	DeNB detects inconsistency and informs O&M and may forward the request.


3 Conclusion

This paper discussed the potential consistency issue between a RN and its DeNB based on current RAN3 agreements, and proposed that:
Proposal 1: A RN shall keep a NRT for each of its cells.

Proposal 2: A DeNB shall keep a NRT for each of its RNs’ cells.

Proposal 3: The RN’s NRT and the DeNB’s RN NRT should be synchronised to be inline with each other. If inconsistency happens, an alarm shall be sent to O&M. 

Proposal 4: When inconsistency happens regarding the attribute “NoHO”, it is assumed that the RN has the correct setting.  
Proposal 5: When inconsistency happens regarding the attribute “NoX2”, it is assumed that the DeNB has the correct setting.  

Proposal 6: We kindly ask RAN3 to discuss the open issues identified in Section 2. 
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