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1	Introduction
This contribution relates to the ongoing 3GPP NR WI on CLI (cross-link-interference). We address aspects related to configuration and reporting of UE CLI measurements. RAN1 have agreed to support two types of UE CLI measurements: CLI SRS-RSRP and CLI RSSI. At RAN1#96, the following was agreed for those measurements (R1-1903677):
UE CLI SRS-RSRP measurements:
· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions.
· For SRS transmission for SRS-RSRP measurement purpose, no new SRS resource set usage is introduced.
· For SRS-RSRP measurement, one or more SRS resource per serving cell can be configured.
· For SRS-RSRP, the total number of SRS resources to be monitored by a UE should not exceed 32.
· QCL assumption on (CLI-RSSI and) SRS-RSRP interference measurement resources is up to UE implementation. 

UE CLI RSSI measurements:
· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE.
· One or multiple resources for CLI-RSSI measurement can be configured.
· Maximum number of measurement resource for CLI-RSSI measurement is 64.
· In information element of resource configuration for CLI-RSSI measurement, at least following parameters are included
· Number of PRBs and start PRB index for subband indication (note: Configured PRBs are contiguous, the exact number of PRBs is up to RAN4.
· Number of OFDM symbols and first OFDM symbol index in a slot (note: configured OFDM symbols are contiguous, the exact number of OFDM symbol is up to RAN4).
· Depending on UE capability discussions, UE may not be required to assume that PDSCH is FDMed with CLI-RSSI measurement resource(s)
· All subcarrier spacings supported in Rel-15 NR for FR1, FR2.
· Subcarrier spacing is a reference unit of time/frequency resource configuration.
· UE operates CLI measurement within the active BWP. 
· The subcarrier spacing for CLI-measurement resource configuration can be same or different from the SCS of the active BWP.
· In information element of resource configuration for CLI-RSSI measurement, following values for slot configuration is used.
· 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)}
· Note: Network configures slot duration for CLI-RSSI measurement which is corresponded with one value of periodicity among the periodicity set (i.e. {10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms})





Table. CLI-RSSI measurement periodicity
	SCS(kHz)
Slot duration
	15k Hz
	30 kHz
	60 kHz
	120 kHz

	10 slots
	10 msec
	
	
	

	20 slots
	20 msec
	10 msec
	
	

	40 slots
	40 msec
	20 msec
	10 msec
	

	80 slots
	80 msec
	40 msec
	20 msec
	10 msec

	160 slots
	160 msec
	80 msec
	40 msec
	20 msec

	320 slots
	320 msec
	160 msec
	80 msec
	40 msec

	640 slots
	640 msec
	320 msec
	160 msec
	80 msec



Purpose of UE CLI measurements: In the context of UE CLI measurement, it is important to recall that the purpose of having UE CLI measurements available at the NW are:
· Offer the NW information to enable smart scheduling decisions such that scheduling users on “bad resources” that are heavily polluted by CLI can be avoided.
· Offer the NW information to initiate coordinated between neighbor cells, gNBs, and CU and DUs to reduce impact from harmful UE-UE CLI.

By default, scheduling decisions are conducted independently for each cell. Scheduling is part of the MAC-layer. Downlink scheduling decisions by the NW are primary based on buffered/incoming traffic for the different UEs, corresponding QoS constraints, and UE air interface measurements such as CSI measurement reports.
The rest of the contribution is organized as follows: Section 2 outlines the basic UE configuration of CLI measurement resources, while Section 3 addresses UE CLI measurement reporting options. Finally, Section 4 concludes the contribution with a set of proposals.
2	Measurement Objects for UE CLI measurements
The NR RRC measurement configuration consists of the following components.
· Measurement objects: The UE measurements are carried on these measurement objects. 
· Reporting Configuration: Whether the measured results on the measurement objects are reported periodically or based on specific events. In case of event-based reporting, the events are defined in terms of measurement results.
· Measurement quantity configuration: This configuration defines the measurement quantity and also the filtering related configurations associated with the measurement configurations.
To support UE CLI measurements in the RRC measurement configuration, changes are required for each of the above components. In this section, we analyse the changes required on the measurement object configurations for UE-CLI.
Two measurement objects are defined for NR measurements. One measurement object (measObjectNR) for intra and inter-frequency NR neighbour cell measurements. The measurement objects are NR-frequency and its associated SSB and CSI-RS resources. These measurements are meant to measure the SSB or CSI-RS of the corresponding measurement objects and reports the radio condition in terms of RSRP or RSRQ for gNB to make mobility related decisions. Other measurement object is defined Inter-RAT measurements. In this case the measurement object is E-UTRA frequency.
The UE CLI measurements are meant to identify the interference situation on the conflicting resources within the downlink resources of the serving cell. These measurements are not relevant for the Inter-frequency/Intra-frequency neighbour cell measurements. Moreover, the serving cell should have flexibility to configure the measurements on specific resource groups within the CLI resource for managing scheduling decision for different resources in different manner. Hence it is recommended to configure new measurement objects with each object is defined as group of time-frequency resources for CLI measurements. For each of these resource groups, separate reporting and measurement configuration can be configured. With this configuration the serving cell will have flexibility on measuring selected sub-set of conflicting resources and refer these measurements for scheduling decision and also for resource co-ordinations.
Proposal 1: Define new measurement object MeasObjectNR-UE-CLI where each measurement object is defined as resource group containing time-frequency resources within the downlink resources of serving cell. Each of the resources within the resource group consists of 
· Number of PRBs and start PRB index for subband indication 
· Number of OFDM symbols and first OFDM symbol index in a slot 
· Periodicity and Offset.

For each of the measurement objects additional parameters may be required for CLI-RSSI measurements and CLI-SRS-RSRP measurements. CLI-RSSI measurements does not require any additional parameters within the measurement objects as the RSSI can be measured over the complete resources defined for the measurement object. In case of SRS-RSRP measurements, within the resources of measurement object, the specific locations where SRS signals are expected along with the details on the SRS configurations are required for the UE to make the SRS-RSRP measurements.
Proposal 2: For UE-CLI measurement for RSSI, the entire measurement object is considered as measurement resource. Potential L3 filtering parameters (details FFS).

Proposal 3: For UE-CLI measurement for SRS-RSRP, The measurement object for NR-UE_CLI contains the resource configuration for SRS RSRP measurements including 
· The indices of SRS resources to measure
· The total number of SRS resources to be monitored by a UE (up to 32).
· Potential L3 filtering parameters (details FFS).


It should be noted that RAN1 did not conclude on any details related to potential further filtering of UE CLI measurements. However, if UE CLI measurements are to be reported on a slow time of tens of milliseconds, or slower, some L3 filtering would be beneficial. Same type of L3 filtering as applied for RRM RSRP and RSSI measurements could be adopted, where the so-called L3 filtering parameter K is expressing the extend of time-domain filtering. 
3	Configuration of UE CLI measurement reporting
The simplest method would be to have the UE CLI measurements reported to the NW by means of RRC signalling, allowing options for both periodic and event-triggered reporting as follows:

Proposal 3: Periodic and event-triggered reporting of UE CLI measurements (RSSI and SRS-RSRP) shall be supported.

For event-triggered RRC reporting of UE CLI measurements, proper event must be defined so such measurements primarily are triggered when the NW should be “concerned” about UE-2-UE CLI problems. Hence, UE CLI measurements are reported only when sufficiently high CLI level are detected and hence begin to potentially impact UEs performance. In light of this, a simple form of conditions that trigger reporting UE CLI measurements can be defined as events when the measured CLI is above a certain threshold. Specifically, it would be useful to trigger reporting when the measured UE CLI reaches a certain level as compared to the serving cell (PCell) RSRP. We therefore suggest:

Proposal 4: For RRC-based event-triggered reporting of UE CLI measurements (RSSI and SRS-RSRP) we propose to consider at least the following options:
· UE CLI measurement (RSSI and SRS-RSRP) larger than a certain threshold (i.e. equivalent to event A4)
· UE CLI SRS-RSRP becomes offset larger than PCell RSRP (i.e. equivalent to A3 event)

Reporting (and related measurements) of UE CLI may be faster suspended and resumed by means of MAC-CE signalling from the network: 

Proposal 5: Consider the option where the NW is able to quickly suspend and resume UE CLI measurements by means of MAC-CE signalling to the UE (assuming first configured by means of RRC signalling as per Proposals 1 and 2). That is, equivalent to activation and deactivation of UE CLI measurements
To complement RRC-based UE CLI measurement reporting, we suggest introducing more dynamic reporting for UE CLI measurements which allows the NW to conduct faster scheduling and potentially more flexible coordination between the gNBs. This could be enabled by allowing the UE to report CLI using lower-layer signalings such as MAC CE. In particular, the NW initially configures the UE to measure CLI-RSSI or SRS-RSRP (as described in Section 2), and those measurements may be configured to be wideband or frequency selective (i.e. per sub-band). If UE CLI measurement is configured to be measured per subband, the CLI report can be expressed as vector of UE CLI measurements, where each element corresponds to one of the subbands. Hence, the structure of MAC CE could be utilized for CLI reporting, making it readily available at the NW’s MAC-layer for scheduling decisions. 
The UE may also be configured to perform other Rel-15 defined UE interference measurements (e.g. based on CSI-IM resource or NZP CSI-RS resources for interference measurement), and these interference measurements could be used as a trigger for UE CLI reporting. For instance, reporting is triggered when UE CLI measurement SRS-RSRP reaches a certain threshold as compared to the interference measurement. Such option is considered useful in cases wherein the UE CLI is deemed potential harmful when its magnitude is comparable or dominant to the traditional co-channel interference that the UE experience.
Proposal 6: The options of UE CLI measurements reporting via MAC CE can be considered. Reporting of the UE CLI measurements may be wideband or per-subband basis.
Proposal 7: UE CLI measurements reporting via MAC-CE may be triggered when the offset between CLI and NR Rel-15 defined UE interference (based on CSI-IM resource or NZP CSI-RS resources for interference measurement) is larger than a threshold.
Finally, the UE may also report CLI measurements implicitly using existing PHY-layer signalling. For instance, CLI can be reported by simply masking the CQI by setting its reporting to “void” or “zero” if the corresponding measured CLI is too high. This is a simple method that does not require additional signaling overhead or specification of new types of signaling, while still able to convey useful information that allows the NW to avoid scheduling UEs that are perceiving severe CLI (i.e. NW will most likely not to schedule UEs that report “void” or “zero” CQI values). Note that such option has minimal specification impact so can be introduced easily, but the adoption of which should be addressed by RAN1. .
Proposal 8: Support the option of implicit UE CLI measurement reporting based on CQI masking – set  the CQI value to “void” or “zero” when the corresponding CLI exceeds a certain threshold.

5	Conclusions
We conclude the contribution with the following proposals:
Proposal 1: Define new measurement object MeasObjectNR-UE-CLI where each measurement object is defined as resource group containing time-frequency resources within the downlink resources of serving cell. Each of the resources within the resource group consists of 
· Number of PRBs and start PRB index for subband indication 
· Number of OFDM symbols and first OFDM symbol index in a slot 
· Periodicity and Offset.
Proposal 2: For UE-CLI measurement for RSSI, the entire measurement object is considered as measurement resource. Potential L3 filtering parameters (details FFS).

Proposal 3: For UE-CLI measurement for SRS-RSRP, The measurement object for NR-UE_CLI contains the resource configuration for SRS RSRP measurements including 
· The indices of SRS resources to measure
· The total number of SRS resources to be monitored by a UE (up to 32).
· Potential L3 filtering parameters (details FFS).

Proposal 4: For RRC-based event-triggered reporting of UE CLI measurements (RSSI and SRS-RSRP) we propose to consider at least the following options:
· UE CLI measurement (RSSI and SRS-RSRP) larger than a certain threshold (i.e. equivalent to event A4)
· UE CLI SRS-RSRP becomes offset larger than PCell RSRP (i.e. equivalent to A3 event)

Proposal 5: Consider the option where the NW is able to quickly suspend and resume UE CLI measurements by means of MAC-CE signalling to the UE (assuming first configured by means of RRC signalling as per Proposals 1 and 2). That is, equivalent to activation and deactivation of UE CLI measurements
Proposal 6: The options of UE CLI measurements reporting via MAC CE can be considered. Reporting of the UE CLI measurements may be wideband or per-subband basis.
Proposal 7: UE CLI measurements reporting via MAC-CE may be triggered when the offset between CLI and NR Rel-15 defined UE interference (based on CSI-IM resource or NZP CSI-RS resources for interference measurement) is larger than a threshold.
Proposal 8: Support the option of implicit UE CLI measurement reporting based on CQI masking – set  the CQI value to “void” or “zero” when the corresponding CLI exceeds a certain threshold.
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