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1	Introduction
The Cell Global Identity (CGI; ECGI in LTE) is a basic information for a UE’s source node for handing over seamlessly the RRC connection to the selected target cell or for adding the target cell as an additional UE serving cell in Dual Connectivity (DC). 
The target cell is generally (unless in case of “blind” cell selection) identified by the Physical Cell Identity (PCI) and frequency reported by the UE with a Layer-3 measurement report (e.g. B1 or B2 event measurement report in LTE), under the assumption that the source node can associate that PCI and frequency to a unique CGI.
The binding between the (PCI; frequency) and the CGI can be obtained in one of (or a combination of) the following ways:
(1): It is provided via O&M configuration; 
(2): It is received as served cell information from the peer node over an established Xx link; 
(3): It is dynamically created by the eNB/gNB with the support of a sequence of UE Layer-3 measurements (e.g. PCI measurement report followed by reportCGI measurement in LTE).
Whereas both solution (1) and solution (2) require, to different extent, manual configuration, solution (3) allows for fully Automatic Neighbor Relation (ANR) creation. 
Solution (3) however works only if the target cell broadcasts its CGI (SIB type 1 in LTE), which is not the case for the first release of Non-Stand Alone (NSA) NR node in EN-DC, as per following agreements in RAN2#97 and RAN2-NR#2:
0: 	For EN-DC, the NR SN is not required to broadcast system information other than for timing and SFN. 

1	LTE inter-RAT ANR framework is extended to cover NR (target to complete this at end of Rel-15, not December 2017)

As the advantages from ANR are well known since LTE when this functionality has been first introduced, it would be beneficial if it can be applied also to both NSA and SA deployments of NR. However, even when ANR solution, similar to that known from LTE, is developed for NR, this will not help in alleviating PCI confusion issue, which is already visible in existing LTE networks and which is very likely to be even more significant in NR deployments. The following chapter explains the problem and proposes a possible approach to address it.

2	PCI confusion issue
Usage of the same “PCI” and “carrier frequency” by different cells may lead to the so called “PCI confusion” problem, i.e. to the situation where a RAN cannot univocally identify the neighbour cell that lays behind a given PCI and carrier frequency reported by a UE in a Measurement Report. A UE Measurement Report contains measurement results for (a list of) cells that are identified by their respective PCI and carrier frequency. The receiving RAN uses the reported PCIs to select the “best” cell (e.g. the cell measured with better power and/or quality) to add to the UE e.g. as additional serving cell or as target cell for connection handover. This works however under the assumption that there is only one neighbour cell operating at that PCI and frequency. This assumption however may not be valid, even with an appropriate PCI planning (see following sections). If there is “PCI confusion”, the receiving RAN may address the “wrong” cell, with the consequence that the cell addition or the connection handover fails. A known means for solving the PCI confusion would be to ask the UE to perform a CGI measurement for that PCI, thus resolving the cell identity ambiguity. However, considering current agreements, this approach will not be available for early NSA deployments and more importantly, even when available, this approach is not the most efficient one for the reasons mentioned in the subsequent sections. 
2.1	PCI confusion in LTE
Already in LTE, it is not an uncommon situation for the LTE cells deployed in the field to have more than one valid Neighbour Cell Relation (NCR) sharing the same PCI and frequency. This is particularly true in high density urban deployments with high PCI reuse, and favoured by given geographies (e.g. hilly areas or seaside areas) that extend a cell radio coverage far beyond the expected tier.
Observation 1:	 Use of the same PCI and frequency by multiple neighbour cells may be quite common, e.g. in high density deployments.
Depending on where the UE is located, each of such cells sharing the same layer 1 identity can be a valid neighbour. Choosing the right cell for the specific UE would require that each UE reporting a “confused” PCI performs a report CGI measurement before any further proceeding, at the cost of additional delay, service performance and UE power consumption.
Observation 2:	Triggering a CGI measurement each time a UE reports a “confused” PCI impacts the service performance and UE’s power consumption, adding delay to the pending RRC procedure.
 
2.2	PCI confusion in NR
In NR deployments, confusion-free assignment of NR-PCIs per eNB cell becomes increasingly difficult and “PCI confusion” occurrences are expected to further increase, due to the following reasons: 
· NR-cells in high frequency band (specifically beyond 20 GHz) are very small and their PCIs may frequently be ambiguous around the area of a much larger overlapping LTE cell or NR-cell (operating on low frequency bands). 
· With respect to the identification of neighbour cells, deployments involving high frequency band NR-cells are very similar to HeNB deployments in LTE: 
· For HeNB deployments, it is acknowledged that - before e.g. a handover can be triggered - UE has to resolve potential ambiguities of PCI/Freq by reporting the ECGI of the measured HeNB to the network.
· For deployments involving NR-cells it is therefore expected that support of handover or MR-DC will require some means to resolve the PCI confusion issues of NR-PCIs.
· In future, usage of the unlicensed spectrum may require dynamic reconfiguration of the cell operational frequency, making it impossible to keep track of which CGI lays behind a PCI and a frequency. In such case, even the concept of Neighbour Cell Relation may drastically change
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Figure 1 Illustration of increased number of NR cells visibility within a single LTE cell


Observation 3:	Support of mobility and MR-DC for deployments involving high frequency band NR-cells requires some solution to the PCI confusion issue. 


2.3	Way out
An alternative to the CGI resolution and to its drawbacks would be to define a procedure by which the source node can instruct the UE to access a target cell identified by a PCI and a frequency, whenever its CGI is unknown for whatever reason (e.g. because the NCR has not (yet) been created or because there is PCI confusion).
Here some options are sketched:
· Option a): by accessing the target cell, the UE gets (e.g. in message 4) the target cell CGI that it reports back to the source node. By such information, the source node can contact the target node according to the pending procedure (e.g. handover request or SN addition)
· Option b): by accessing the target cell, the UE provides it (e.g. via message3) with the source node’s identity. Using that information, the target node can contact the source node for triggering the pending procedure (e.g. handover request or SN addition)
As for the RACH resources to use for accessing the target cell, they can be read from the respective SIB when available or provided according to a pre-defined default values as suggested by [2].
Observation 4:	By either option a) or b), or any other similar, the same new procedure can be used both for providing ANR in the EN-DC and for resolving the target cell identity whenever there is PCI confusion. 

3	Conclusion
This contribution discussed the increased potential of PCI confusion issue in the future NR deployments, especially due to dense small cells deployments in higher frequencies. The following observations are made:
Observation 1: Use of the same PCI and frequency by multiple neighbour cells may be quite common, e.g. in high density deployments.
Observation 2:	Triggering a CGI measurement each time a UE reports a “confused” PCI impacts the service performance and UE’s power consumption, adding delay to the pending RRC procedure.
Observation 3:	Support of mobility and MR-DC for deployments involving high frequency band NR-cells requires some solution to the PCI confusion issue. 
Observation 4:	By either option a) or b), or any other similar, the same new procedure can be used both for providing ANR in the EN-DC and for resolving the target cell identity whenever there is PCI confusion. 
Based on the observations and options provided in chapter 2, it is proposed to define a new procedure by which it is possible to instruct a UE to access a target cell identified only via its PCI and frequency, whenever the target CGI is unknown to the UE’s serving cell. Such a procedure can be used both to provide ANR in EN-DC without having to broadcast SIB1 and to resolve the PCI confusion and accelerate the handover execution when it occurs.
[bookmark: _Hlk490149740]Proposal: To address the PCI confusion issue in NR SA and NSA deployments, RAN2 should develop a solution allowing to disambiguate the target cell’s identity without requiring the UE to read target cell’s CGI from System Information and reporting it back to the serving cell. 
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