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1	Introduction
The work item description for NR-based Access to Unlicensed Spectrum [1] specifies the following detailed objectives concerning RRM/RLM and mobility: 
· RLM/RRM extensions for NR-U operation […]. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. 
· Mobility: For non-standalone NR-U deployments, connected mode mobility is supported on licensed spectrum using the baseline mobility procedure specified for the concerned licensed radio access technology (LTE or NR). For standalone NR-U deployments, specify mechanisms for inter-cell handover between NR-U and NR-U, inter-cell handover between NR-U and NR, and Inter-RAT handover between NR-U and LTE (connected to either EPC of 5GC). Extensions of mobility-related measurement reporting for unlicensed operation including channel occupancy indication and RSSI measurements.
According to the agenda for RAN2#107, general mobility aspects in RRC_CONNECTED mode should be addressed, in more detail, how to find and identify NR-U target cell(s).
Identifying NR-U cells may also comprise identifying the corresponding PCIs. PCI collisions, i.e. different cells using the same PCI (Physical Cell ID) in a local area, are known to cause problems and should be avoided. 
Furthermore, in the work item for NR Mobility Enhancements [2] it has been agreed to support conditional handover to improve the robustness at handover. 
In this contribution, we discuss potential issues and possible solutions to address how to find and identify NR-U target cells. Identifying NR-U target cells is also related to managing PCI collisions. Further, it is discussed how conditional handover can be used for NR-U to improve handover performance.
[bookmark: _Ref178064866]2	Discussion
2.1	Finding and identifying NR-U target cells
In unlicensed spectrum, multiple PLMNs from different operators can share the same channel. In order to help a UE find NR-U target cell(s) for handover and avoid that the UE performs measurements on cells that do not belong to the UE’s registered/equivalent PLMNs and thus, minimize power consumption, NR Rel-15 already offers different options.
As described in TR 38.889, Section 7.2.2.3, “gNBs can scan different frequencies to identify the Physical Cell IDs (PCI) of neighbour cells and use this information in setting the PCIs of their own cells in order to avoid PCI collisions”. As a result, the gNB may know if the area is dominated by its own cells or not.
Under the assumption that most neighboring cells on certain frequencies belong to the same or equivalent PLMN as the UE’s registered PLMN, the gNB has the possibility to provide in the measurement object configuration a list of blacklisted cells to achieve extensive measurements on neighboring cells.
On the other hand, if many cells are deployed by other operators, or even by the same operator, the gNB may choose to limit the number of cells to measure on by proper whitelist configuration.  
The corresponding description for measurement configuration is provided in the annex.
[bookmark: _Toc4419411][bookmark: _Toc4707843][bookmark: _Toc4711492][bookmark: _Toc16007567][bookmark: _Toc16770635][bookmark: _Toc20996285]The network can configure whitelists/blacklists to help the UE restrict measurements to cells that belong to the selected or equivalent PLMNs.
With PCI scanning, the probability of PCI collision/confusion should be low as also described in the companion paper for IDLE/INACTIVE mode mobility. However, in case the gNB expects a higher risk, it has the possibility to identify whether the potential target cell belongs to the same or a “forbidden” PLMN by requesting a CGI report for this target cell from the UE.
[bookmark: _Toc16770636][bookmark: _Toc20996286]In order to identify an NR-U target cell, the gNB can request the UE to report the CGI for that target cell.
As a result, no further mechanisms are needed to help the UE find and identify NR-U target cell(s).
[bookmark: _Toc16593736][bookmark: _Toc16770638][bookmark: _Toc20996371]No additional mechanisms are introduced to help the UE find and identify NR-U target cells. The existing/agreed whitelist/blacklist configuration and CGI reports are considered sufficient..
2.2	RSSI signalling details
The NR-U WID [1] specifies “RSSI reporting” as an objective to detect hidden nodes.  
As part of the Cross Link Interference (CLI) handling and Remote Interference Management (RIM) WI, see [3], CLI RSSI is already defined. As highlighted in [4], cross-link interference measurements can be seen as existing mechanism for hidden node detection. The RSSI measurement defined for CLI already provide configurations needed for NR-U. 
In order to support inter-frequency measurements which are not restricted to the active BWP, it is proposed to support the configuration of a reference frequency, e.g.  refFreqRSSI for the RSSI and channel occupancy measurement separately from the ssbFrequency and refFreqCSI-RS used for other Rel-15 measurements.
Another open issue is the L3-filtering that has been agreed for CLI, but may not be used for NR-U. It can be left FFS how to define QuantityConfig only for CLI.
Possible changes to the CLI RSSI information element are provided below. The below RSSI configuration list of CLI is based on an intermediate version provided in an ongoing email discussion, see [5]. In order to support a reuse of RSSI resource configuration for NR CLI and NR-U, the information element RSSI-ResourceConfigCLI should be commonly used and will need some modifications to meet configuration requirements for NR-U as highlighted in the ASN.1 example provided below. 
[bookmark: _Toc20996372]Use one RSSI information element for both NR-U and CLI and use the CLI-RSSI as baseline and integrate RSSI and channel occupancy measurement reporting in the existing CLI-RSSI measurement reporting framework. 
[bookmark: _Toc20996373]FFS how NR-U and CLI configuration procedures are differentiated in detail.
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RSSI-ResourceListConfigCLI-r16 ::= 	SEQUENCE (SIZE (1.. maxNrofRSSI-Resources)) OF RSSI-ResourceConfigCLI-r16,


RSSI-ResourceConfigCLI-r16 ::       SEQUENCE {
	rssi-ResourceId-r16 				RSSI-ResourceId-r16,
	rssi-SCS-r16						SubcarrierSpacing,
	startPRB-r16						INTEGER (0..2169),
	nrofPRBs-r16		                INTEGER (4..maxNrofPhysicalResourceBlocksPlus1),
	startPosition-r16                   INTEGER (0..13),
	nrofSymbols-r16						INTEGER (1..14),
	rssi-PeriodicityAndOffset-r16		RSSI-PeriodicityAndOffset-r16,
    refFreqRSSI 						ARFCN-ValueNR 												OPTIONAL,
	...
}

RSSI-PeriodicityAndOffset-r16 ::=	CHOICE {
	slots10 								INTEGER(0..9),
    slots20                                INTEGER(0..19),
    slots40                                INTEGER(0..39),
    slots80                                INTEGER(0..79),
    slots160                               INTEGER(0..159),
    slots320                               INTEGER(0..319),
    slots640                               INTEGER(0..639),
	...
}

	RSSI-ResourceConfigCLI field descriptions

	nrofPRBs
Allowed size of the measurement BW. Only multiples of 4 are allowed. The smallest configurable number is the minimum of 4 and the width of the active DL BWP. If the configured value is larger than the width of the active DL BWP, the UE shall assume that the actual CLI-RSSI measurement resource bandwidth is within the active DL BWP.

	nrofSymbols
Within a slot that is configured for CLI-RSSI measurement (see slotConfiguration), the UE measures the RSSI from startPosition to startPosition + nrofSymbols-1. The configured CLI-RSSI measurement resource does not exceed the slot boundary of the reference SCS. For the case which the subcarrier spacing of configured active DL BWP(s) is larger than the reference subcarrier spacing, network configures startPosition and nrofSymbols in order for the configured CLI-RSSI measurement resource not to exceed the slot boundary of the active BWP SCS. For the case which the reference subcarrier spacing is larger than subcarrier spacing of active DL BWP(s), network configures startPosition and nrofSymbols are as a multiple of reference subcarrier spacing divided by active BWP SCS.

	rssi-PeriodicityAndOffset
Periodicity and slot offset for this CLI-RSSI resource. All values are in "number of slots". Value slots10 corresponds to a periodicity of 10 slots, value slots20 corresponds to a periodicity of 20 slots, and so on. For each periodicity the corresponding offset is given in number of slots.

	rssi-SCS
Reference subcarrier spacing for CLI-RSSI measurement. Only the values 15, 30 kHz or 60 kHz (FR1), and 60 or 120 kHz (FR2) are applicable.

	startPosition
OFDM symbol location of the CLI-RSSI measurement resource within a slot.

	startPRB
Starting PRB index of the measurement bandwidth. For the case where the reference subcarrier spacing is smaller than subcarrier spacing of active DL BWP(s), network configures startPRB and nrofPRBs are as a multiple of active BW SCS divided by reference SCS.


Figure 1: Modifications to the RSSI-ResourceConfigCLI to support RSSI configuration for both NR-U and CLI
2.2	Managing PCI collisions
As stated above, PCI collisions are known to cause problems, such as handover failure, and means should be provided to avoid them. Such means include means for detection and resolution of PCI collisions. To resolve a PCI collision one of the colliding cells must change its PCI. 
In NR-U different operators may operate in the same unlicensed frequency band, resulting in multiple PLMNs sharing the same frequencies. This prevents use of central coordination of PCI changes and also prohibits use of inter-gNB communication as a general tool. 
However, gNBs can try to avoid PCI collisions by scanning specific PCIs of neighboring cells prior to operating a certain cell with a specific PCI.
[bookmark: _Toc16593799][bookmark: _Toc20996287]gNBs scanning for PCIs of neighboring cells can be used to avoid PCI conflicts.
[bookmark: _Hlk503258975]Specifically for initial deployments, PCI collisions can be considered to be rare. However, neighboring gNBs may not have the same scanning range as the UEs they serve, such that PCI collisions may still occur. 
[bookmark: _GoBack]Existing mechanisms to detect PCI collisions should be sufficient. In NR Rel-15, the gNB can configure UEs in RRC_CONNECTED state to report the cell global identifier (CGI) for a cell with a certain PCI using ReportConfigNR. The reported CGI contains the PLMN ID and a cell ID which is unique within the PLMN. 
ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI
    }
}

ReportCGI ::=                     SEQUENCE {
    cellForWhichToReportCGI          PhysCellId,
        ...
}
Figure 2: Configuring the UE to report CGI using the Rel-15 IE ReportConfigNR

[bookmark: _Toc16593800][bookmark: _Toc20996288]The gNB can configure CGI reporting to detect PCI collisions using legacy NR Rel‑15 mechanism.
When the gNB detects a PCI conflict via CGI reporting, it can avoid handovers of UEs to “forbidden” PLMNs and reconfigure the conflicting cell with another PCI. This may result in a short disruption but given that PCI conflicts can be considered to happen rarely during the initial deployment, further enhancements to avoid PCI conflicts are not needed for Rel-16 and can be postponed to Rel-17.
[bookmark: _Toc16593801][bookmark: _Toc20996289]When detecting PCI conflicts, the gNB can reconfigure the conflicting cell with another PCI.
Based on the above observations, we think that no enhancements are needed for Rel-16.
[bookmark: _Toc16793469][bookmark: _Toc20996374]	No additional mechanisms are introduced to address PCI collisions in Rel-16.
2.3	Conditional handover
2.3.1	General description on conditional handover
Conditional handover aims to avoid RLFs due to a late measurement report that may not reach the network or, if measurement reports have been received, the handover command does to reach the UE before RLF happens and UE starts the re-establishment procedure. These problems are illustrated in the figure below:
[image: ]
In conditional handover the network configures the UE with triggering conditions for when a handover should be executed. When the conditions are fulfilled, the UE executes the handover without any further order from the network. The advantage of the procedure is that the HO Command like message may be provided to the UE at an earlier stage before the radio conditions have become poor, which increases the chance of a successful transmission of the message. The basic signalling flow for conditional handover is shown in Figure 1.
[image: ]
Figure 31: Conditional handover
In RAN2#105bis in Xi’an Conditional Handover (CHO) was agreed to be introduced in NR to solve the robustness/reliability issues described above. 
2.3.2	Conditional handover for NR-U
As conditional handover is being specified for NR and mobility between licensed and unlicensed cells will be supported, conditional handover shall also be supported in NR-U-scenarios.
[bookmark: _Toc20996290]Conditional handover will be supported in NR-U scenarios.
A question is whether any additional configuration needs to be specified for NR-U compared to what is specified for NR. At conditional handover the UE is configured with potential target cell(s), triggering conditions for when the handover should be executed and the target configuration. The cells are identified by the PCI. As discussed above, the UE can assume that all PCIs that are selected by the source cell belong to a PLMN that is suitable for the UE. 
One way to avoid signalling when the channel is heavily occupied is to have a lower threshold for reporting measurements (traditional handover measurements) then the gNB may prepare a different cell for the UE and send the configuration to the UE with instructions to execute the handover only if the measurement results get worse. That is, a delayed conditional handover execution that is triggered by RSSI or channel occupancy is beneficial for NR-U. This is useful for inter-frequency handovers.
[bookmark: _Toc7748208][bookmark: _Toc7748099][bookmark: _Toc4052554][bookmark: _Toc4022596][bookmark: _Toc1083249][bookmark: _Toc1083179][bookmark: _Toc1082804][bookmark: _Toc1069029][bookmark: _Toc1049894][bookmark: _Toc1049889][bookmark: _Toc1049842][bookmark: _Toc1049769][bookmark: _Toc1049756][bookmark: _Toc1048835][bookmark: _Toc1048808][bookmark: _Toc402366][bookmark: _Toc402228][bookmark: _Toc401823][bookmark: _Toc399670][bookmark: _Toc399448][bookmark: _Toc399430][bookmark: _Toc20996375]RSSI and channel occupancy can be used as triggers for conditional handover. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The network can configure whitelists/blacklists to help the UE restrict measurements to cells that belong to the selected or equivalent PLMNs.
Observation 2	In order to identify an NR-U target cell, the gNB can request the UE to report the CGI for that target cell.
Observation 3	gNBs scanning for PCIs of neighboring cells can be used to avoid PCI conflicts.
Observation 4	The gNB can configure CGI reporting to detect PCI collisions using legacy NR Rel‑15 mechanism.
Observation 5	When detecting PCI conflicts, the gNB can reconfigure the conflicting cell with another PCI.
Observation 6	Conditional handover will be supported in NR-U scenarios.

Based on the discussion in the previous sections we propose the following:
Proposal 1	No additional mechanisms are introduced to help the UE find and identify NR-U target cells. The existing/agreed whitelist/blacklist configuration and CGI reports are considered sufficient..
Proposal 2	Use one RSSI information element for both NR-U and CLI and use the CLI-RSSI as baseline and integrate RSSI and channel occupancy measurement reporting in the existing CLI-RSSI measurement reporting framework.
Proposal 3	FFS how NR-U and CLI configuration procedures are differentiated in detail.
Proposal 4	No additional mechanisms are introduced to address PCI collisions in Rel-16.
Proposal 5	RSSI and channel occupancy can be used as triggers for conditional handover.
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