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Introduction
For all the cases where the gNB-CU needs to signal to the gNB-DU the need for a change of PCI of a given cell there is a problem that needs to be addressed, namely whether the gNB-DU shall apply the PCI change immediately or whether the gNB-DU is allowed to choose the best time to apply the reconfiguration and signal to the gNB-CU when the reconfiguration was completed. 
This paper explores this scenario.
Discussion
The current standard outlined in TS38.473 allows for the gNB-CU to signal a change of PCI to the gNB-DU for a given cell. This can be done in two procedures, the F1 Setup and the gNB-CU/DU Configuration Update, as shown in the excerpts below:
For F1 Setup
“The gNB-CU may include the Cells to be Activated List IE in the F1 SETUP RESPONSE message. The Cells to be Activated List IE includes a list of cells that the gNB-CU requests the gNB-DU to activate. The gNB-DU shall activate the cells included in the Cells to be Activated List IE and reconfigure the physical cell identity for cells for which the NR PCI IE is included. ”

For gNB-CU Configuration Update
“If Cells to be Activated List Item IE is contained in the GNB-CU CONFIGURATION UPDATE message, the gNB-DU shall activate the cell indicated by NR CGI IE and reconfigure the physical cell identity for which the NR PCI IE is included.
[…]
If Cells to be Activated List Item IE is contained in the GNB-CU CONFIGURATION UPDATE message and the indicated cells are already activated, the gNB-DU shall update the cell information received in Cells to be Activated List Item IE.”

For the gNB-DU configuration Update
“If Cells to be Activated List Item IE is contained in the GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE message, the gNB-DU shall activate the cell indicated by NR CGI IE and reconfigure the physical cell identity for cells for which the NR PCI IE is included.
If Cells to be Activated List Item IE is contained in the GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE message and the indicated cells are already activated, the gNB-DU shall update the cell information received in Cells to be Activated List Item IE.”

Let’s analyse the three procedures mentioned above.
F1 Setup: In this procedure cells are activated by the gNB-CU, hence they are not yet in-service at the gNB-DU. The gNB-CU can therefore order a change of one or more PCI for cells to be activated and the gNB-DU can apply the change *before* the cell(s) become “in service”. This allows the change of PCI not to generate any disruption in user experience such as loss of connectivity due to re-synchronisation to the new PCI. 
Observation 1: In the case of F1 Setup, a change of PCI for a given cell ordered by the gNB-CU can be applied by the gNB-DU before the cell becomes “in-service”, hence the change is free from impacting user performance
gNB-CU/DU Configuration Update: In the gNB-CU Configuration Update and gNB-DU Configuration Update the gNB-CU is able to signal to the gNB-DU a change of PCI for a cell that is already “Active” and “in service”. Namely, a cell could be operational and serving UEs when a change of PCI is signaled to the gNB-DU for that cell. Changing the PCI of a cell while UEs are connected to and served by it can cause service disruptions for various reasons. For example, a UE may not be able to decode specific messages received from the serving RAN node if the PCI of the cell serving the UE is all of a sudden changed (as messages may be scrambled with the cell’s PCI). Similarly, the UE might lose synchronization if the PCI is changed while the UE is connected. 
Observation 2: A change of cell’s PCI while UEs are connected to the cell may cause service disruptions and connection failures
It is therefore plausible to think that, for cases where a PCI change wants to be applied to a cell already in-service, the solution for management and change of PCIs should allow the gNB-CU to signal the new PCI to the gNB-DU, as it happens already, but it should also allow the gNB-DU to apply the change when it is best suited. Namely, the gNB-DU should not blindly change the PCI in the instant the gNB-DU receives it from gNB-CU, but it should be able to wait and select the best moment in time when such change minimizes impacts on user experience. 
For example, the gNB-DU may monitor UE traffic load and number of connected UEs and decide to apply the change when minimum traffic load values and/or number of connected UEs are recorded. Alternatively, the gNB-DU may pause scheduling of traffic to the UEs and only then update the PCI (so to give time to UEs to detect the new PCI before new messages are received).
Observation 3: Applying a change of PCI to an “in-service” cell when number of connected users or traffic load are minimum minimizes disruptions on user experience
It can therefore be concluded that an optimal solution should allow the gNB-DU to notify the gNB-CU of when the PCI change was applied. This is needed because the gNB-CU needs to know from which moment in time a given cell has changed its PCI, so to make procedures like mobility work properly.
The optimization above can be achieved in a very simple way, by letting the gNB-DU receive the new PCI from gNB-CU in gNB-CU CONFIGURATION UPDATE and gNB-DU CONFOGURATION UDATE ACKNOWLEDGE, but allowing the gNB-DU to apply the change when it best suites traffic and load conditions. Once the gNB-DU applies the PCI change, the gNB-DU can issue a gNB-DU configuration update to the gNB-CU confirming that the PCI change was carried out. 
Proposal: It is proposed to allow the gNB-DU to apply a requested change of PCI after receiving the PCI from the gNB-CU and to notify the gNB-CU about the occurred change via gNB-DU configuration Update
The optimization above could be achieved with very little changes to the standard. Indeed, an example that shows how the specifications in 38.473 could be changed to accommodate this solution is shown below, for the case of the gNB-DU Configuration Update and gNB-CU Configuration Update procedures:
TS 38.473, gNB-DU Configuration Update change:
Interaction with Other Procedures
If Cells to be Activated List Item IE is contained in the GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE message and if the NR PCI IE is present for indicated cells that are already activated, the gNB-DU shall take the NR PCI IE into account and signal to the gNB-CU a gNB-DU Configuration Update when the new NR PCI change is applied.
TS 38.473, gNB-CU Configuration Update change:
Interaction with Other Procedures
If Cells to be Activated List Item IE is contained in the GNB-CU CONFIGURATION UPDATE message and if the NR PCI IE is present for indicated cells that are already activated, the gNB-DU shall take the NR PCI IE into account and signal to the gNB-CU a gNB-DU Configuration Update when the new NR PCI change is applied.

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
In this paper the case of PCI change for cells that are Active and In-Service has been discussed. It was highlighted that an abrupt PCI change would impact user experience and for that reason a solution was suggested where the gNB-DU can select the best time to apply the change, i.e. minimising impacts on the user experience. 
The paper produced the following Observations and Proposal:
Observation 1: In the case of F1 Setup, a change of PCI for a given cell ordered by the gNB-CU can be applied by the gNB-DU before the cell becomes “in-service”, hence the change is free from impacting user performance
Observation 2: A change of cell’s PCI while UEs are connected to the cell may cause service disruptions and connection failures
Observation 3: Applying a change of PCI to an “in-service” cell when number of connected users or traffic load are minimum minimizes disruptions on user experience
Proposal: It is proposed to allow the gNB-DU to apply a requested change of PCI after receiving the PCI from the gNB-CU and to notify the gNB-CU about the occurred change via gNB-DU configuration Update

[bookmark: _GoBack]It is suggested to agree to the proposal above and to agree to the CR to TS38.473 in R3-210370 and R3-210371.
