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1 Introduction
The function of Automatic Neighbour Relation (ANR) was specified at Rel-8 to automatically establish the relations between radio network nodes. In RAN#75, Automatic Neighbour Relation (ANR) was agreed to put into the scope of the NR WI (to be Rel-15). 
2 Discussion
Background

As one of the SON (Self-organization network) feature set specified for LTE, ANR enables the automatic discovery and establishment of the neighbour relations between the radio network nodes, which can be used to construct the neighbour cell list, to establish the connections between Base Stations, and to support the mobility management, and mobility optimization and load balancing procedures.

The purpose of the Automatic Neighbour Relation (ANR) function is to relieve the operator from the burden of manually managing Neighbour Relations (NRs). 
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Automatic Neighbour Relation Function as described with TS36.300
In LTE, the ANR function resides in the eNB and manages the conceptual Neighbour Relation Table (NRT). Located within ANR, the Neighbour Detection Function finds new neighbours and adds them to the NRT. ANR also contains the Neighbour Removal Function which removes outdated NRs. 

The ANR (Automatic Neighbour Relation) function relies on cells broadcasting their identity on global level, E-UTRAN Cell Global Identifier (ECGI).
The ANR function works as follows:

The eNB serving cell A has an ANR function. As a part of the normal call procedure, the eNB instructs each UE to perform measurements on neighbour cells. The eNB may use different policies for instructing the UE to do measurements, and when to report them to the eNB. 

· The UE sends a measurement report regarding cell B. This report contains Cell B’s PCI

· The eNB instructs the UE, using the newly discovered PCI as parameter, to read the ECGI, the TAC and all available PLMN ID(s) of the related neighbour cell. 

· When the UE has found out the new cell’s ECGI, the UE reports the detected ECGI to the serving eNB. 

· The eNB decides to add this neighbour relation, and can use PCI and ECGI to lookup a transport layer address to the new eNB, to update the Neighbour Relation List and to setup a new X2 interface towards this eNB.
Challenges of ANR for NR
In the framework of LTE, the ANR functions works based on the mapping between PCI and ECGI of a particular cell. UE measures the cell specific CRS before its report. With regard to NR, as discussed in RAN1, the idle mode RS (within the synchronization signal) is used to distinguish the cell identity. The legacy ANR mechanism in LTE can be reused for NR for cell level relation.  
Proposal 1: In NR, the legacy ANR mechanism in LTE can be reused in NR for cell level relation as the baseline.
In the beamformed evironment for NR, on top of Idle mode RS, there was discussion on additional RS (e.g. CSI-RS) also, which is strongly related to the beam management and the provision of the beam-level information from the perspective of common control channel (SS, PBCH). When the UE reads the system information from different beams of the cell, it can acquire both Cell Identity and the beam specific information such as the SS burst index.  The beam level information can be valuable to report to the gNB as part of the ANR procedure, for example for the following use cases:
· For populating the neighbour list information, there can be benefits to have beam level information available to the gNB, e.g. for future UEs in handover or being configured to measure towards the discovered neighbour cell.  In handover cases, the system needs to reserve RACH resources on candidate beams of the target cell; if detailed beam information is not available from the UE measurements themselves, it would be desirable to reduce the amount of reserved RACH resources by using only those beams that are actually neighbours of the serving cell.  To facilitate this sort of optimised reservation, the gNB should be aware of which beams of the neighbour have been previously detected by UEs in its service area.
· Similarly in cases where measurement gaps are needed, e.g. inter-frequency, the measurement gap should be scheduled to coincide with beams that are actually possible neighbours; otherwise there is a risk that the neighbour beam is active and transmitting its reference signals outside the measurement gap, making it undetectable for the UE.
· Finally, although the use case is not really in RAN2 scope, self-backhauling cases in which the serving gNB needs to establish Xn connectivity over the air with the newly discovered gNB can benefit from having beam information available to facilitate communication establishment.  If the serving gNB knows the beam direction in which it serves the UE, and the beam direction in which the UE detected the neighbour, it can triangulate to limit the possible directions it should attempt to communicate with the neighbour cell.
For the use cases above, following the procedure of ANR, it would be helpful to put the beam-specific information into the neighbour list of the cell. The exact content of the beam information as mentioned above can be subject to the RAN1 discussion. However, it seems that at least indicating the detected SS burst index would support the above use cases without creating any great difficulty for the UE.
Proposal 2: Allow the UE to report beam specific information (at least SS burst index) of common channel of the neighbours together with the cell identity during the ANR report procedure. 
From RRC_CONNECTED state perspective, the CSI-RS may also carry beam information, i.e. there is a possibility for the network to rely on the pattern of CSI-RS to distinguish the beams transmitting the data channel (e.g. PDSCH) within a particular cell. However, it is understood based on RAN1 discussion that the beam management is not across the cell boundary. It appears that there is no requirement to ask the UE to report the beam information of data channel derived from CSI-RS during ANR procedure.
If CSI-RS are configured for RRM purposes, it can be further discussed if there is a role for this information in the ANR procedure.  However, it seems likely that if CSI-RS are configured in a neighbour cell, the serving gNB should be already aware of that neighbour cell and therefore our expectation is that no ANR information would be needed.
Proposal 3: It is proposed to not report the data channel specific beam information to the network during the ANR procedure. 
3 Conclusion
Proposal 1: In NR, the legacy ANR mechanism in LTE can be reused in NR for cell level relation as the baseline.
Proposal 2: Allow the UE to report beam specific information (at least SS burst index) of common channel of the neighbours together with the cell identity during the ANR report procedure.
Proposal 3: It is proposed to not report the data channel specific beam information to the network during the ANR procedure.
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