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1 Introduction

The purpose of the ANR function is to relieve the operator from the burden of manually managing Neighbour Relations. In this paper, we will discuss possible ANR issues in case of MFBI scenario.
2 Discussion

One typical ANR procedure is as below:
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Figure-1: typical ANR procedure
An EARFCN indicates band and physical frequency. Although the EARFCN is used in the measurement configuration, the UE only "see" the physical frequency. This means that it can happen that a measurement report containing a cell with the band different from the one indicated in the EARFCN may be triggered.. When setting up the neighbour relation, which band is associated to the neighbour cell depends on which EARFCN is used in the "reportCGI" measurement configuration. Therefore, it is possible that an error or incomplete band information for a neighbour cell is set up via the ANR function in case of MFBI, as described in the scenarios below. If e.g. the physical frequency of the cell2 belongs to Band A, B, C, and the cell2 is configured with Band B and Band C (cell2 -> Band B&C):
· Scenario 1: the eNB1 sets up the neighbour relation with cell2 -> Band A, e.g. via an UE (only) supporting Band A. Nevertheless, in reality the cell2 does not belong to Band A, so an erroreous band information is set up in this case.
· Scenario 2: the eNB1 sets up the neighbour relation with cell2 -> Band B when the EARFCN corresponding to the Band B is used in the "reportCGI" measurement configuration, so an incomplete band information is set up in this case. 
If the X2 interface is set up, the eNBs will exchange their served cell information, including band information, via the X2 Setup procedure, in this way the eNB1 could obtain the complete band information for cell2, and in this way it can correct the error or the incomplete information. Nevertheless, this correction is not possible in case the X2 interface is no set up.
Observation: 
It is possible that the eNB sets up an erroneous or incomplete band information for neighbour cell via ANR function if X2 interface is not set up.
Erroneous or incomplete band information may cause the following issues:

· Issue 1: Handover preparation failure

With the Scenario 1 above, if X2 interface is not set up and S1 handover is performed, the eNB1 (source eNB) may handover the UE supporting Band A, but not Band B or C, to cell2. Based on UE access capability, the eNB2 (target eNB) finds that the UE cannot be handover to cell2 and rejects the handover request. If the X2 interface is set up, the issue does not exist.

· Issue 2: Prevent normal handover
With the Scenario 2 above, if X2 interface is not set up and S1 handover is performed, the eNB1 (source eNB) never handover the UE supporting Band C, but not Band B, to cell2 although the UE supports the cell2, which may cause the bad user experience of the UE. If the X2 interface is set up, the issue does not exist.
· Issue 3: security key inconsistence after handover
For X2 handover, DL-EARFCNs of target cell or prepared cells (for re-establishment) are used for KeNB* calculation. The source eNB needs to select the same DL-EARFCN as the target eNB in order to ensure that the UE derives the same security key as the network. The source eNB selects the DL-EARFCN using the same logic that the UE uses when selecting the DL-EARFCN in IDLE. A new IE "freqBandIndicatorPriority" was introduced in SIB1 by RAN2 to indicate the selection priority, which is described below:
	freqBandIndicatorPriority

If the field is present and supported by the UE,  the UE shall prioritize the frequency bands in the multiBandInfoList IE in decreasing priority order. Only if the UE does not support any of the frequency band in multiBandInfoList, the UE shall  use the value in freqBandIndicator IE. Otherwise, the UE applies frequency band according to the rules defined in multiBandInfoList.


However, according to current specifications, the source eNB does not know the "freqBandIndicatorPriority" configuration. This may cause that the source eNB selects different DL-EARFCN from the target eNB, which further causes security key inconsistence after handover. 
For S1 handover, the issue does not exist.
One possible solution for the problems described above would be to include the band information and band priority (i.e. freqBandIndicatorPriority) of the measured cell in the "reportCGI" measurement report. In this way no additional time delay is introduced, since both the information and CGI are included in the same SIB (SIB1) and  it should be easy to be implemented by the UE. 
Proposal 1: 
The band information and band priority of the target cell (i.e. freqBandIndicator, multiBandInfoList and freqBandIndicatorPriority) are included in the "reportCGI" measurement report.
If the above proposal is agreed, one question is how to report the information. There are two possible alternatives:

· Alternative 1: the network controls whether the UE reports the information;
· Alternative 2: the UE always reports the information, if the UE supports this report;
The reported information is used by network, therefore we have a little preference for network control over this report, as in Alternative 1.

Proposal 2:
The network controls whether the UE reports the band information and band priority in the "reportCGI" measurement report.
Considering that the CGI and the reported information are included in the same SIB and it is easy to be implemented by the UE, we suggest that no new UE capability is introduced and the UE supports the report of this information if the UE supports the ANR function.
Proposal 3: 
No new UE capability is introduced. A UE supporting the ARN function shall report the band information and band priority in the "reportCGI" measurement report.
The MFBI feature is supported from Rel-8. If proposal 1 is agreed, we need to discuss from which release the modification is supported.
Proposal 4: 
Kindly ask RAN2 to discuss from which release the modification is supported.
3 Conclusion

In this paper, we discuss possible ANR issues in case of MFBI scenario and suggest:
Observation: 
It is possible that the eNB sets up an erroneous or incomplete band information for neighbour cell via ANR function if X2 interface is not set up.
Proposal 1: 
The band information and band priority of the target cell (i.e. freqBandIndicator, multiBandInfoList and freqBandIndicatorPriority) are included in the "reportCGI" measurement report.
Proposal 2:
The network controls whether the UE reports the band information and band priority in the "reportCGI" measurement report.
Proposal 3: 
No new UE capability is introduced. A UE supporting the ARN function shall report the band information and band priority in the "reportCGI" measurement report.
Proposal 4: 
Kindly ask RAN2 to discuss from which release the modification is supported.
The corresponding Rel-12 CR is provided in [2]. We are happy to provide previous releases CRs if needed.
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