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Introduction
Although in RAN3#101bis several Self Organizing Network (SON) functions were discussed as part of the RAN centric data collection and utilization SI and some of the SON functions were prioritised as candidates to be studied, there are some other functions that may be necessary to be discussed before closing their chapters. One of the SON functions that is assumed to be finalized in Rel. 15 is Automatic Neighbour Relation (ANR).  However, our perception from current state of the art, is that ANR is not complete yet and we think the leftovers of ANR should be possibly discussed and resolved as part of this study, or if the group agrees this is urgent, as corrections to Release 15. In this paper, we highlight the ANR leftovers that seem necessary for further investigations. 
[bookmark: _Ref178064866]Discussion
The objective of ANR is to obtain an identity (Cell Global Identity, CGI) associated to the neighbour cells and associated eNB/gNB. Based on the CGI, a gNB can obtain the transport network layer address at TNL address discovery procedure, and establish a signalling path to the neighbouring eNB/gNB, setup Xn connection, etc. The latter steps are similar to LTE, and therefore we will in this paper focus on obtaining an identity of a neighbouring base station. 
More specifically, there are two known approaches by which a gNB can obtain a CGI associated to a potential neighbour gNB. The schemes for obtaining the CGI can be divided into two main categories: (i) X2/Xn based ANR establishment and (ii) downlink-based procedures that rely on the downlink measurement. 
X2/Xn based ANR establishment: ANR required data (including PCI, CGI, TAC and RANAC) of all cells supported by eNB and gNB can be exchanged over X2/Xn setup and configuration update message, in the Served Cell Information IE. Neighbour nodes and associated cells information is also available in this signalling that can be used to create a relation to the neighbour of neighbour.
NR-SSB based Measurement Procedure: In this approach the ANR is based on a similar concept as LTE ANR with a procedure based on downlink measurements of cell defining SSBs. LTE ANR considers broadcast of both a locally and a globally unique cell identifier. The locally unique identifier in NR, the PCI, is associated to NR-PSS/SSS that the UE can detect and identify blindly, i.e. without any prior information about the signals. In addition, the UE can also retrieve the SS block index from the target cell in order to support mobility control information that is associated to the reported cell and SS block. In case the source gNB is unable to identify the target SS block based on the reported information from the UE, the serving gNB will send a request (step 2 in the figure) to the UE to retrieve the CGI from the target cell. Possibly, the UE also needs to be configured with a measurement gap. The UE detects and decodes also the RMSI from the target cell in order to retrieve the CGI (step 2.b). The CGI is stored and reported to the serving gNB (steps 3). 


Figure 1. Automatic Neighbour Relation Function
From the reported CGI, the serving gNB can retrieve the gNB ID, which is a part of the CGI. It is worthwhile to mention that the length of the gNB ID is configurable to enable a flexible partitioning of the gNB ID range and the range of the cell identifier within the gNB. Moreover, just as in LTE, the UE shall also report the tracking area information from the target cell, since the core network may use that as part of the lookup of the target gNB. In order to support also NR NSA, the Inter-RAT ANR of LTE has been extended to also support NR. Therefore, it is possible for UEs served by LTE to be configured to detect and retrieve NR CGI information from a detected NR target cell, and report it to their serving LTE cell. In addition to the above mentioned procedures, gNBs can use the contents of the RLF report (including the PCI and CGI of the previously serving cell) of a failed UE who re-established a connection to a new cell, to identify a potential neighbour of the previously serving cell and the related gNB. 
However, to our understanding and apart from all the work done in standardization, there are some leftovers that need to be discussed whether in late drop of Rel. 15 or in Rel. 16. In the next section we briefly highlight the features that need to be discussed. First, we highlight the pure ANR features not yet considered in the Rel. 15. Then we discuss the features that are required for coping with PCI confusion, as it is tightly connected to the ANR related procedures.  
ANR related leftovers
· Autonomous gaps (for NR)
Currently UEs are only supposed to perform measurements for ANR purpose only based on idle mode measurement. However, autonomous gaps can be another viable option to perform the measurements in connected mode. To support ANR across NR cells, as in LTE, NG-RAN can configure the UE to read and report NR neighbouring cell’s Global identifier(s) (CGI) by autonomous gaps as in LTE. This can be beneficial in particular when used with SI-requestForHO while URLLC types of services are running. This optimisation is foreseen to impact mainly RAN2. 
· Variable gNB ID length in NR 
In NR cells, a gNB ID can represent a variable length in a range of [22..32] MSBs of any of the (36bits long) NR Cell IDs the gNB serves. A network-based solution to deduce the length of the gNB-ID has been proposed in RAN3.  However, there are some inefficiencies in such network based solution as it causes ambiguity in node ID detection and disambiguating the node ID comes with extra cost and under-utilisation of the cell ID numbering space. In a separate paper in RAN3, we suggest other potential solutions that overcome the issues induced by network-based solution.    
Coping with PCI confusion
· SI-RequestForHO 
In NR, a low frequency cell may have a neighbour relation with hundreds of micro cells from FR2 frequency domain. Micro cells may dynamically be switched on/off for the capacity/energy efficiency purpose. Therefore, having a neighbour relation may come with extra unnecessary cost while PCI confusion is foreseen in such scenarios. Hence, SI-RequestForHO. To enhance up the performance of ANR measurement procedure autonomous gaps is deemed to be necessary. 
· CellForWhichToReportCGI
In the same scenarios, we suggest extending the CellForWhichToReportCGI possibly to a list of cells for which to report CGI (say Cell(s)ForWhichToReportCGI) that helps reducing the handover failure probability in case of being suspicious to PCI confusion in heterogeneous cell deployment scenarios’
Observation:
Observation 1 	Looking at the ANR features standardized in Rel. 15 some leftovers such as autonomous gaps for NR, support for variable gNB ID length, SI-RequestForHO and list of the cell for which to report the CGI (Cell(s)ForWhichToReportCGI) are identified.
Proposal 1 	It is proposed to discuss the ANR leftovers from Rel. 15 in the study item RAN centric data collection and Utilization 


Conclusion
In the previous section, the following observations and proposals have been made:
Observation 1 	Looking at the ANR features standardized in Rel. 15 some leftovers such as autonomous gaps for NR, support for variable gNB ID length, SI-RequestForHO and list of the cell for which to report the CGI (Cell(s)ForWhichToReportCGI) are identified.
[bookmark: _In-sequence_SDU_delivery]Proposal 1 	It is proposed to discuss the ANR leftovers from Rel. 15 in the study item RAN centric data collection and Utilization 
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