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Introduction
Since the first release of LTE, Automatic Neighbour Relation (ANR) functionality has been introduced to automatically generate the relations between radio network entities. Such relations are used to establish connections between entities, support mobility, load balancing, dual connectivity, etc., and ANR is seen as significantly reducing the planning and operation costs for operators [2]. Therefore, it is our understanding that automatic establishment of relations will continue to be an important feature in NR networks. One can expect that the challenging NR requirements will result in an even higher emphasis on the need for seamless mobility than in legacy RATs, which further increases the importance of automatic relation establishment in NR. In addition, an extensive use of beamforming, together with a lean design of NR will bring new challenges and additional scope to the relation management.
This paper introduces the ANR problem in NR and proposes a way forward based on recent agreements associated to RRC driven mobility.
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Usage of identifiers to support RRC based mobility
In LTE, a UE detects cells based on their PSS/SSS, which encode a Physical Cell Identifier (PCI). An important property of these signals is that the UE autonomously detects the neighbour cell IDs from an acquired PSS/SSS, i.e., the network does not need to provide a neighbour cell list. UEs typically detect and measure neighbour cells by sampling a short time window (e.g. 5 ms) on the target frequency (which may be the same or different from serving) and search (possibly offline) for PSS/SSS occurrences within that sample. For each detected PSS/SSS, the UE can also perform a measurement using the CRS corresponding to the PCI. The result of that action is a list of neighbour cell IDs and corresponding measurement sample.
Once the UE perform measurements, mobility events can trigger the transmission of measurement reports. Based on these reports the serving eNB is able to identify that a given PCI belongs to a neighbour eNB in order to trigger a handover preparation procedure. In order to do that, the serving eNB needs to maintain a Neighbour Relation Table that maps locally unique identifiers, i.e. the PCIs in LTE, with globally unique identifiers, i.e. the E-UTRAN Cell Global identifier (E-CGI).
The procedure is illustrated in Figure 1. In step 1, the UE sends a measurement report to the serving eNB, containing the PCI of cell B. The eNB then instructs the UE to read the ECGI, the TAC and all available PLMN ID(s) of cell B. After measuring, the UE reports the detected ECGI to the serving eNB, and the eNB decides to add this neighbour relation. The eNB can use the PCI and ECGI to lookup a transport layer address to the new eNB, update the Neighbour Relation list, and, if needed, setup a new X2 interface towards this eNB [1].
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Observation 1 In LTE, the UE reports to the serving eNB measurement reports associated to locally unique identifiers (e.g. PCIs).
Observation 2 For handover decisions based on UE reporting of local IDs, a Neighbour Relation Table (NRT) mapping local IDs to global IDs (e.g. E-CGI) is necessary to identify the target eNB in order to send a handover preparation and/or a handover request.

In RAN2#95, companies started to discuss the NR identifiers associated to a non-UE specific reference signal ‘RS’ that should be defined to support connected mode RRC based mobility. The following question was posed: 
…
FFS2 	What does the non-UE specific RS identify? e.g. Cell, beam, TRP, zone, or something else.
…

It is our understanding that based on this non-UE specific RS the UE should be able to detect a neighbour link (e.g. cell, beam, TRP, etc.), trigger mobility events, report these measurements and, in the case it receives a handover command, synchronize with this RS and perform a random access. Regardless what the RS identifies, it is our understanding that as in LTE this should be a local identifier (preferably locally unique) as the PCI in LTE:
As in LTE for the PCI, the non-UE specific RS used for RRC driven mobility encodes an identifier.
One seemingly straightforward but inevitable option would be to include a locally unique beam identifier (BID) in different transmitted beams. It is also possible to include a cell identity (CID) associated with all beams transmitted by an active mode cell along with the BID. Different options for doing so are being discussed in RAN1.
Automatic Neighbour Relations
As discussed before, in order to be able to trigger handover preparation and execution, a serving eNB needs to maintain a mapping between the locally unique identifier reported by the UE in the measurement reports and a globally unique identifier. In LTE Rel-8, an Automatic Neighbour Relation (ANR) function has been introduced in order to automate the construction of these relations. The objective of ANR is to obtain a globally unique identity associated to a neighbour base station. Based on the identity, the base station can obtain the transport network layer address, establish a signalling path to the neighbouring base station, setup X2 (or eX2) connection, etc. 
When the serving eNB receives a measurement report containing an unknown PCI, the eNB may instruct the UE to also read the Enhanced Global Cell Identity (ECGI) from the broadcast channel of the detected neighbour cell. When the UE reports the ECGI to the serving cell, the serving cell may setup a neighbour relation with the detected cell. The solution is based on the broadcast of both PCI and a global identifier, the ECGI. 
Observation 3 In LTE, a serving eNB can request the UE to acquire a global identifier (e.g. ECGI) associated to a previously reported local identifier (PCI).
Observation 4 In LTE, a globally unique identifier (ECGI) is broadcasted and can be associated to a locally unique identifier (PCI).
It is our understanding that NR should follow similar principles. As discussed before, the non-UE specific RS should encode a local identifier which locally identifies the beam and possibly the transmitting cell, using for example any of the procedures described in [3]. However, it is very essential that when the identifier is unknown by the serving gNB, it should be possible to request the UE to read a globally unique identifier associated to it (e.g. a Global ID). 
A UE will upon request from the serving gNB decode and report a Global ID associated to a previously reported local identifier associated to the RS.
A gNB broadcasts a Global ID associated to local IDs associated to RSs.

In LTE, this Global ID, the ECGI, is not necessary as often as the PCI. Therefore, it is transmitted in SIB1 every 80 ms while the PCI is transmitted every 5ms.
Observation 5 In LTE, a globally unique identifier (ECGI) is broadcasted with a larger periodicity than the locally unique identifier (PCI).

In NR, our understanding is that a similar principle should apply where the Global ID is transmitted less often than the local ID. 
A gNB can be configured to broadcast a global identifier in conjunction with every Nth local identifier. 
Conclusion
In the previous section, the following has been observed:
Observation 1 In LTE, the UE reports to the serving eNB measurement reports associated to locally unique identifiers (e.g. PCIs).
Observation 2 For handover decisions based on UE reporting of local IDs, a Neighbour Relation Table (NRT) mapping local IDs to global IDs (e.g. E-CGI) is necessary to identify the target eNB in order to send a handover preparation and/or a handover request.
Observation 3 In LTE, a serving eNB can request the UE to acquire a global identifier (e.g. ECGI) associated to a previously reported local identifier (PCI).
Observation 4 In LTE, a globally unique identifier (ECGI) is broadcasted and can be associated to a locally unique identifier (PCI).
Observation 5 In LTE, a globally unique identifier (ECGI) is broadcasted with a larger periodicity than the locally unique identifier (PCI).

Based on these observations, we have proposed the following:
1. As in LTE for the PCI, the non-UE specific RS used for RRC driven mobility encodes an identifier.
1. A UE will upon request from the serving gNB decode and report a Global ID associated to a previously reported local identifier associated to the RS.
1. A gNB broadcasts a Global ID associated to local IDs associated to RSs.
1. A gNB can be configured to broadcast a global identifier in conjunction with every Nth local identifier. 
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