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1	Introduction
PCI collisions, i.e. different cells using the same PCI in a local area, are known to cause problems and should be avoided. Mechanisms that may be used for this purpose in NR-U are discussed in this document.
[bookmark: _Ref178064866]2	Discussion
As stated above, PCI collisions are known to cause problems, such as handover failure, and means should be provided to avoid or eliminate them. Such means could include means for detection and resolution of PCI collisions. To resolve a PCI collision one of the colliding cells must change its PCI. Change of PCI implies disturbance of the operation of the cell, hence it should be avoided that both the colliding cells change their PCI.
[bookmark: _Toc7737493]PCI conflicts are harmful and means should be provided to avoid or eliminate them.
[bookmark: _Toc7737494]Coordination of PCI collision resolution is beneficial to avoid that both conflicting cells change PCI.
Detection and resolution of PCI collisions have previously (in LTE) been handled by a combination of distributed and centralized SON mechanisms, involving UEs, neighbour base stations and the O&M system. This can be used as a baseline in NR-U too. Section 7.2.2.3.1 in TR 38.889 also states:
“In unlicensed spectrum, multiple PLMNs from different operators can share the same channel and coordination between different operators may not happen. This may cause PCI collisions or confusion. As one possible solution, the gNBs can scan different frequencies to identify the PCIs of neighbour cells and use this information in setting the PCIs of their own cells in order to avoid PCI collisions. In addition, ANR can be used, as in NR licensed, to detect and solve PCI collision and confusion.”
[bookmark: _Toc7737495]The combination of distributed and centralized SON mechanisms used in LTE can be used as baseline for NR-U together with gNBs scanning for conflicting PCIs of neighbouring cells.
Hence, observation of (repeated) handover failures can be used to detect the probable presence of conflicting PCIs. Then the ANR framework for requesting UEs to report relevant system information parameters, such as the global cell identity, of a cell can be used to confirm PCI conflicts. Neighbour gNBs can exchange information about their cells’ PCIs (and global cell identities) and their neighbour gNBs’ cells’ PCIs (and global cell identities) to allow proactive detection of potential PCI conflicts and to enable change of PCI without causing new collisions. Detected PCI conflicts can be reported to the O&M system, which can determine which cell that should change its PCI and request the responsible gNB to execute the change.
A complicating factor in NR-U is that multiple operators may operate multiple PLMNs in the same unlicensed frequency band. This prevents use of central coordination of PCI changes and also prohibits use of inter-gNB communication as a general tool. 
[bookmark: _Toc7737496]The possible presence of multiple PLMNs (operated by different operators) on the same frequency band in the same area renders some of the legacy means for management of PCI collisions unusable.
To overcome the problems caused by the multi-PLMN environment of NR-U, additional mechanisms should be considered for NR-U, which could compensate for the legacy mechanisms that do not work well for inter-PLMN PCI collisions.
One such mechanism could be to enable configuration of UEs to record combinations of PCIs and global cell identities (where the global cell identity contains the PLMN ID) in RRC_IDLE and/or RRC_INACTIVE state and later report them to the network, e.g. as part of the MDT/logged measurement framework. When reporting to the network, a UE could be requested or configured to report the PCI-global cell identity combinations of the last N cells it has visited or the PCI-global cell identity combinations of the cells it has visited during the last N minutes. Position information associated with the recordings could also be considered. Such a mechanism would enable proactive detection of potential PCI collisions as well as facilitate for a gNB to change the PCI of a cell to a PCI which will not cause new collisions.
Another mechanism could be a rule for distributed, but deterministic choice of cell to change PCI. Such a mechanism could for instance be based on a combination of parameters or identifiers from both the involved cells, e.g. the global cell identity of both cells or a hash of the entire MIB of both cells. The result could be a number, which (for instance), if it is even means that the cell with the lowest network-unique part of the global cell identity (i.e. excluding the PLMN ID) or the smallest MIB hash changes its PCI, while if the number is odd it means that the cell with the highest network-unique part of the global cell identity (i.e. excluding the PLMN ID) or the greatest MIB hash should change its PCI. Or simpler, the one of the conflicting cells with the highest network-unique part of the global cell identity (i.e. excluding the PLMN ID) changes its PCI. If this is not enough to uniquely point out a cell to change its PCI (i.e. if the cells belong to different PLMNs and have the same network-unique part of the global cell identity), the PLMN ID could be used, e.g. the cell with the highest PLMN ID changes its PCI.
[bookmark: _Toc7737497]The LTE mechanisms using a combination of distributed and centralized SON mechanisms for detection and resolution of PCI conflicts should be used as a baseline for NR-U together with gNBs scanning for conflicting PCIs of neighbouring cells.
[bookmark: _Toc509834927][bookmark: _Toc509834963][bookmark: _Toc509837121][bookmark: _Toc509851305][bookmark: _Toc509851316][bookmark: _Toc509851324][bookmark: _Toc510613636][bookmark: _Toc510613662][bookmark: _Toc513731600][bookmark: _Toc513731616][bookmark: _Toc513731670][bookmark: _Toc513731722][bookmark: _Toc513738285][bookmark: _Toc513738299][bookmark: _Toc7737498][bookmark: _Hlk503258975]Additional mechanisms should be studied for NR-U, which could compensate for the legacy mechanisms that do not work well for inter-PLMN PCI collisions. Such mechanisms could include usage of UEs in RRC_IDLE and RRC_INACTIVE state to collect and report PCI-global cell identity combinations and distributed mechanisms for selection of the cell to change PCI in a PCI conflict.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	PCI conflicts are harmful and means should be provided to avoid or eliminate them.
Observation 2	Coordination of PCI collision resolution is beneficial to avoid that both conflicting cells change PCI.
Observation 3	The combination of distributed and centralized SON mechanisms used in LTE can be used as baseline for NR-U together with gNBs scanning for conflicting PCIs of neighbouring cells.
Observation 4	The possible presence of multiple PLMNs (operated by different operators) on the same frequency band in the same area renders some of the legacy means for management of PCI collisions unusable.
Based on the above observations and the discussion in the previous sections we propose the following:
Proposal 1	The LTE mechanisms using a combination of distributed and centralized SON mechanisms for detection and resolution of PCI conflicts should be used as a baseline for NR-U together with gNBs scanning for conflicting PCIs of neighbouring cells.
Proposal 2	Additional mechanisms should be studied for NR-U, which could compensate for the legacy mechanisms that do not work well for inter-PLMN PCI collisions. Such mechanisms could include usage of UEs in RRC_IDLE and RRC_INACTIVE state to collect and report PCI-global cell identity combinations and distributed mechanisms for selection of the cell to change PCI in a PCI conflict.
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