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1	Introduction
SA5 has sent an LS [1] to RAN2 regarding the usage of RLF report in identifying the PCI collison and PCI confusion. 
ACTION: 	SA5 kindly requests RAN2 to tell SA5 whether a solution for centralized PCI management can be built using existing mechanisms in SA5 Performance Management and SA5 Subscriber and Equipment Trace.
SA5 expects an answer by SA5#139-e, 11-15 October 2021.

In this contribution we clarify how the RLF report can be used for PCI confusion and PCI collison detection based on the scenarios described in the LS from SA5. We also propose a reply LS to SA5. 
[bookmark: _Ref178064866]2	Discussion
2.1	PCI collision
SA5 have provided the following scenario in their LS.
A PCI collision typically occurs when a UE moves from the source cell (cell A) towards another cell (cell B) and where both cells use the same PCI. The UE believes it is talking to and measures on cell A, as it is using its (and cell B's) PCI.  However, despite the fact that it receives strong signals from this PCI, it is unaware that the strong signal belongs to cell B. Eventually, as cell B does not communicate with the UE, the UE experiences a Radio Link Failure. The UE typically immediately re-establishes with cell B, as that was the strongest cell during the cell selection procedure. Upon re-establishment, the UE sends an RLF-Report-r16 IE to cell B, which forwards the IE to cell A. Here, the C-SON PCI algorithm can tap into the messages using Trace.
The C-SON PCI optimization algorithm analyses the RLF-Report-r16 IE and finds that both the source cell (cell A), which Cell Global Identifier (CGI) is contained in the failedPCellId-r16 IE, and the reestablishment cell, which CGI is contained in the reestablishmentCellId IE have the same PCI. Furthermore, the timeSinceFailure-r16 IE provides the time between declaring the failure and sending the RLF report at Cell-B. As this value will be very small when the UE immediately re-establish in Cell-B, the C-SON algorithm can implicitly derive that Cell-A and Cell-B should be neighbour cells. From this single message, the C-SON PCI optimization algorithm can deduce that a PCI collision has occurred

This scenario can be best explained using the following figure and the signal flow graph.
Cell-A (PCI-x)
Cell-B (PCI-x)



In the scenario depicted above, the UE is initially served by cell-A that transmits PCI-x. The UE moves to a region of the cell where the UE receives the reference signals transmitted by Cell-B which happens to transmit the same PCI-x. From the UE point of view, it cannot differentiate the SSBs transmitted by Cell-A and SSBs transmitted by Cell-B as they involve the same PCI-x and therefore, the UE treats them to be coming from the same cell and generates a single cell quality.
[bookmark: _Toc78811474]The UE cannot differentiate the SSBs coming from two different cells that transmit the same PCI and the UE generates a single cell quality for the PCI transmitted by these two cells.
Thus, the RSRP as measured by the UE for PCI-x will be very good. However, the PDCCH reception quality towards the serving cell would start to deteriorate and also the UL transmissions from the UE towards the Cell-A starts to deteriorate. This would most likely lead to radio link failure declaration by the UE.
[bookmark: _Toc78811475]Upon entering deep inside the Cell-B, the UE would most likely declare RLF due to the poor PDCCH quality from Cell-A and/or due to the porr UL towards the Cell-A.
Upon declaring radio link failure, the UE first stores the RLF report contents. As part of this report, the UE stores the CGI information of the Cell-A (failedPCellId). Then the UE performs the cell selection procedure and the UE most likely selects the Cell-B as the cell quality from this cell is very good. Upon performing the cell selection, the UE includes Cell-B as the reestablishment cell (reestablishmentCellId) in the RLF report and the UE indicates the availability of the RLF report to the Cell-B and Cell-B might fetch this RLF report from the UE. While transmitting the RLF report, the UE further includes timeSinceFailure which indicates the time between the declaration of RLF and the transmission of RLF report. This RLF report is then forwarded to the Cell-A via the core network as Cell-A is not a known neighbor of the Cell-B. The same RLF report is also sent to the TCE via the TRACE messages.
[bookmark: _Toc78811476]RLF report received from the UE is made available to both Cell-A and TCE.
As the timeSinceFailure included in the RLF report is a small value and by recognizing that the Cell-B is not a neighbor cell in the neighbor cell list of Cell-A, one can establish that the Cell-A and Cell-B are neighbor cells.
[bookmark: _Toc78811477]Based on the contents of the RLF report (timeSinceFailure being a small value and Cell-A being the failed cell and Cell-B being the reestablishment cell), the OAM can derive that Cell-A and Cell-B should have been neighbor cells.
Further, OAM is also aware of the PCIs used by Cell-A and Cell-B and thus OAM can realize that there is a PCI collision.
[bookmark: _Toc78811478]OAM is also aware of the PCIs used by Cell-A and Cell-B and therefore, in combination with the reported RLF report, a centralized PCI management entity should be able to recognize the PCI collison issue between Cell-A and Cell-B.
Thus we propose to reply to SA5 that it is possible to detect the PCI collison issue by a centralized PCI management entity in OAM based on the RLF report contents and the knowledge of the PCIs associated to the CGIs included in the RLF report.
[bookmark: _Toc78811799]RAN2 confirms that it is possible to detect a PCI collison issue by a centralized PCI management entity in OAM based on the RLF report contents and the knowledge of the PCIs associated to the CGIs included in the RLF report.
2.2	PCI confusion
SA5 have provided the following scenario in their LS.
A PCI confusion typically occurs when a UE, camping on a source cell (cell A), is ordered to hand over to a target cell (cell B). The handover fails, and the UE typically immediately re-establishes with another cell (cell C), the re-establishment cell, where both the target cell and the re-establishment cell use the same PCI. Upon re-establishment, the UE sends an RLF-Report-r16 IE to cell C, which forwards the IE to cell A. Here, the C-SON PCI algorithm taps into the messages using Trace.
The C-SON PCI algorithm analyses the RLF-Report-r16 IE and finds that both the target cell, which CGI is contained in the failedPCellId-r16 IE, and the reestablishment cell, which CGI is contained in the reestablishmentCellId IE have the same PCI. From this single message, the C-PCI algorithm can deduce that a PCI confusion has occurred.

This scenario can be best explained using the following figure and the signal flow graph.
Cell-C (PCI-y)
Cell-B (PCI-y)
Cell-A (PCI-x)




In the scenario depicted above, the UE is initially served by cell-A that transmits PCI-x. The UE moves to a region of the cell where the UE receives the reference signals transmitted by Cell-B, which happens to transmit the PCI-y, at a higher power than the reference signals of PCI-x. This triggers a measurement report. Based on the measurement report, the Cell-A identifies that PCI-y is better suited to serve the UE from now on and thus decides to handover the UE to cell corresponding to PCI-y. Based on the existing neighbor relation table, Cell-C transmits PCI-y and thus Cell-A initiates handover procedure towards Cell-C and forwards the received handover command to the UE. 
Based on the handover command, the UE attempts to perform RA towards Cell-C. However the RA procedure fails as the Cell-C does not receive any RA request from the UE.
[bookmark: _Toc78811479]The RA procedure performed by the UE towards the Cell-C fails as the UE RA resources reserved by Cell-C are not known to Cell-B and thus Cell-B would not transmit any RAR.
Upon declaring radio link failure, the UE first stores the RLF report contents. As part of this report, the UE stores the CGI information of the previous cell Cell-A (PreviousPCellId) and the PCI information of the failed cell C (failedPCellId) as the UE might not have read the CGI of cell C. Then the UE performs the cell selection procedure and the UE most likely selects the Cell-B as the cell quality from this cell is very good. Upon performing the cell selection, the UE includes CGI of Cell-B as the reestablishment cell (reestablishmentCellId) in the RLF report and the UE indicates the availability of the RLF report to the Cell-B and Cell-B might fetch this RLF report from the UE. While transmitting the RLF report, the UE further includes timeSinceFailure which indicates the time between the declaration of RLF and the transmission of RLF report. This RLF report is then forwarded to the Cell-A via the core network as Cell-A is not a known neighbor of the Cell-B. The same RLF report is also sent to the TCE via the TRACE messages.
[bookmark: _Toc78811480]RLF report received from the UE is made available to both Cell-A and TCE.
As the timeSinceFailure included in the RLF report is a small value and by recognizing that the Cell-B is not a neighbor cell in the neighbor cell list of Cell-A, one can establish that the Cell-A and Cell-B are neighbor cells.
[bookmark: _Toc78811481]Based on the contents of the RLF report (timeSinceFailure being a small value, Cell-A being the source cell and Cell-B being the reestablishment cell), the OAM can derive that Cell-A and Cell-B should have been neighbor cells.
Further, the OAM can also reconginze that Cell-A already has a neighbor cell, Cell-C, that has the same PCI as the newly identified neighbor cell, Cell-B.
[bookmark: _Toc78811482]OAM is also aware of the PCI used by Cell-A, Cell-B and can reconginze that Cell-A already has a neighbor cell, Cell-C, that has the same PCI as the newly identified neighbor cell, Cell-B, thus detecting the PCI confusion possibility at Cell-A. 
Thus we propose to reply to SA5 that it is possible to detect the PCI confusion issue by a centralized PCI management entity in OAM based on the RLF report contents and the knowledge of the PCIs associated to the CGIs included in the RLF report.
[bookmark: _Toc78811800]RAN2 confirms that it is possible to detect a PCI confusion issue by a centralized PCI management entity in OAM based on the RLF report contents and the knowledge of the PCIs associated to the CGIs included in the RLF report.
[bookmark: _Toc78811801]RAN2 is kindly requested to approve the draft reply LS in section 5.

3	Conclusion
The following observations were captured in the previous section. 
Observation 1	The UE cannot differentiate the SSBs coming from two different cells that transmit the same PCI and the UE generates a single cell quality for the PCI transmitted by these two cells.
Observation 2	Upon entering deep inside the Cell-B, the UE would most likely declare RLF due to the poor PDCCH quality from Cell-A and/or due to the porr UL towards the Cell-A.
Observation 3	RLF report received from the UE is made available to both Cell-A and TCE.
Observation 4	Based on the contents of the RLF report (timeSinceFailure being a small value and Cell-A being the failed cell and Cell-B being the reestablishment cell), the OAM can derive that Cell-A and Cell-B should have been neighbor cells.
Observation 5	OAM is also aware of the PCIs used by Cell-A and Cell-B and therefore, in combination with the reported RLF report, a centralized PCI management entity should be able to recognize the PCI collison issue between Cell-A and Cell-B.
Observation 6	The RA procedure performed by the UE towards the Cell-C fails as the UE RA resources reserved by Cell-C are not known to Cell-B and thus Cell-B would not transmit any RAR.
Observation 7	RLF report received from the UE is made available to both Cell-A and TCE.
Observation 8	Based on the contents of the RLF report (timeSinceFailure being a small value, Cell-A being the source cell and Cell-B being the reestablishment cell), the OAM can derive that Cell-A and Cell-B should have been neighbor cells.
Observation 9	OAM is also aware of the PCI used by Cell-A, Cell-B and can reconginze that Cell-A already has a neighbor cell, Cell-C, that has the same PCI as the newly identified neighbor cell, Cell-B, thus detecting the PCI confusion possibility at Cell-A.

The following proposals were captured in the previous section. 
Proposal 1	RAN2 confirms that it is possible to detect a PCI collison issue by a centralized PCI management entity in OAM based on the RLF report contents and the knowledge of the PCIs associated to the CGIs included in the RLF report.
Proposal 2	RAN2 confirms that it is possible to detect a PCI confusion issue by a centralized PCI management entity in OAM based on the RLF report contents and the knowledge of the PCIs associated to the CGIs included in the RLF report.
Proposal 3	RAN2 is kindly requested to approve the draft reply LS in section 5.
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Attachments:	


1. Overall description:

RAN2 thanks SA5 for the the LS in SA5-213689

RAN2 confirms that it is possible to detect a PCI collison issue by a centralized PCI management entity in OAM based on the RLF report contents and the knowledge of the PCIs associated to the CGIs included in the RLF report.
RAN2 also confirms that it is possible to detect a PCI confusion issue by a centralized PCI management entity in OAM based on the RLF report contents and the knowledge of the PCIs associated to the CGIs included in the RLF report.
RAN2 requests SA5 to take the above information into consideration.

2. Actions:
To 3GPP SA5
ACTION: 
RAN2 respectfully asks SA5 to take the above information into consideration.

3. Date of next TSG RAN WG2 meetings:
RAN2#116-e                         1st November - 12th November 2021	Online
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