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1. Introduction

In RAN#83 the latest WID [1] for CLI/RIM was approved. The following objectives have RAN4 impact.
	The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 

· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, RAN4] 

· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]

· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]

· Target no or very minimal impact on RF requirement. 

Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 


The CLI measurement has been discussed in RAN1 for two meetings, and the agreements are summarized in the LS [2].
In this paper we will provide our initial views on RRM requirements for CLI measurement.
2. Discussion
CLI measurement is introduced to allow UE to measure the power of cross-link interference caused by UL transmission from UEs in neighbouring cells. Two types of measurement have been defined by RAN1:
	· SRS-RSRP:

· 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

· RSSI:

· 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


RAN4 needs to define related RRM requirements for the new measurements. 
Measurement capability

For SSB based L3 measurement, measurement capability is defined for 

· number of carriers, 

· number of cells and beams, and

· number of reporting criteria. 

Capability on number of carriers is defined for inter-frequency and inter-RAT measurement, so it is not relevant for CLI measurement, as CLI measurement is only performed in the active DL BWP of the UE.

	UE is not required to measure SRS using different SCS compared to the downlink active BWP SCS of the same carrier
UE operates CLI measurement within the active BWP. 


Capability on number of cells and beams are also not relevant for CLI measurement. Instead, RAN1 has defined the number of SRS measurement resources and RSSI measurement resources for CLI measurement. Therefore, there is no need for RAN4 to further discuss this capability.
	· The number of SRS to be monitored by the UE should not exceed 8 within a slot

· Network may configure more than 8 SRSs over different slots

· The total number of SRSs to be monitored by a UE should not exceed [32]
Agreement
One or multiple resources for CLI-RSSI measurement can be configured
· Maximum number of measurement resource for CLI-RSSI measurement is 64.

Agreement

For SRS-RSRP measurement, one or more SRS resource per serving cell can be configured
Agreement 

For SRS-RSRP, the total number of SRS resources to be monitored by a UE should not exceed 32.


Capability on number of reporting criteria for CLI measurement can be discussed after RAN2 defines the reporting trigger and reporting quantity. 

Measurement gap
Measurement gap is not relevant for CLI measurement, as the measurements are not performed in gaps. 

Measurement resource
For SRS-RSRP, network will configure the measurement resource by SRS configuration.

	Measurement resource for SRS-RSRP measurement is configured by SRS resource configuration.


An SRS resource determines

· Time and frequency resource where UE should measure 

· The comb that UE should measure

· The root sequence and cyclic shift UE should measure 

In our view, it is complete information for UE to perform the measurement. 

For CLI-RSSI measurement, the measurement resource is also configured by network.
	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.

· Note: 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.

· Note: The exact number of OFDM symbol is up to RAN4.

Agreement 

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

Agreement

In information element of resource configuration for CLI-RSSI measurement, reference subcarrier spacing for CLI-RSSI measurement is included.

· 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.


It is basically a time/frequency resource which occurs periodically, defined with respect to a reference SCS. UE could get complete information to perform the measurement from the configuration, and remaining work for RAN4 is to decide on the number of PRBs and number of symbols per slot for the measurement.
In our view, there is not much restriction in the CLI-RSSI resource configuration from measurement accuracy perspective, as the RSSI accuracy is not an issue. Therefore, the numbers can be decided by considering the use cases of the measurement, e.g. the number of symbols should cover different possibilities of time domain allocation for UL in a cell.
Measurement timing

RAN1 has agreed that the measurement timing is decided to be up to UE implementation for both SRS-RSRP and CLI-RSSI, so RAN4 does not need to discuss this issue further. On the other hand, when defining the measurement accuracy, the possible timing error may need to be considered.
	For SRS-RSRP measurement, the UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing.
· The constant offset is derived by UE implementation.
When UE performs CLI-RSSI measurement, the measurement timing could be derived by UE implementation within OFDM symbols configured for CLI-RSSI measurement.

· No RAN1 specification impact


Measurement period, side condition and accuracy
SRS-RSRP

For SRS-RSRP, RAN4 needs to conduct simulation to evaluate the measurement performance. 

The measurement performance can be interference limited, in particular when UE is configured to measure multiple SRS resources that are multiplexed in comb, root sequence or cyclic shift domain. This needs to be taken into account in the evaluation and the requirements. Also, the BW of the SRS should be considered as it will impact the accuracy. 
One particular issue in defining the accuracy requirements for SRS-RSRP measurement is how to account for the impact of propagation delay on the cyclic shift. Two interfering UEs transmitting SRS with different cyclic shifts may result in a same cyclic shift at the UE measuring SRS, if the propagation delay is different for the two interfering UEs. This will lead to measurement inaccuracy as the measured SRS-RSRP reflects the combined strength of the two interfering UEs.
The measurement period, or the number of samples for averaging, is depending on the required accuracy and the target side condition. For the side condition, as CLI measurement is to identify UL interference from neighbouring cell that may impact the DL transmission in the serving cell, there is no point to measure too weak signals. RAN4 can discuss the exact target side condition for SRS-RSRP measurement. For the accuracy, our view is that the current L3 measurement accuracy can be used as the starting point for the evaluation.
CLI-RSSI
For CLI-RSSI, the measurement period is not limited by the accuracy or the side condition, so it can be decided by considering its usage, e.g. whether single-shot or averaged result is useful for the network. The side condition could be same as for SRS-RSRP. As discussed in S-RSRP in V2X, the accuracy of RSSI measurement is not impacted by baseband estimation error but only by the RF margin. 
Scheduling restriction
In our understanding, CLI measurement may or may not cause scheduling restrictions, and RAN1/2 will discuss related UE capabilities. RAN4 should wait for the conclusions before defining the scheduling restriction for CLI measurement.
	Agreement

For CLI measurement, PDSCH rate matching can be applied. For PDSCH rate matching configuration, 

· Rel-15 functionalities for PDSCH rate matching are applied, and no new PDSCH rate matching configuration is introduced in Rel-16 for CLI measurement.

Note: Existing rate matching resources can be re-used.

Note: Depending on UE capability discussions, UE may not be required to assume that PDSCH is FDMed with SRS measurement resource

Agreement
Note: Depending on UE capability discussions, UE may not be required to assume that PDSCH is FDMed with CLI-RSSI measurement resource(s)


Summary
Based on above initial analysis, the factors to be considered when defining the CLI measurement requirements are summarized in Table 1.
Table 1: Summary of consideration factors in CLI measurement requirements

	No.
	Impacted requirements
	Consideration factors

	1
	Measurement capability
	· No need to define capability on number of carriers or number of resources.

· Discuss capability on number of reporting criteria based on RAN2 conclusions on reporting configuration. 

	2
	Measurement gap
	· Not relevant, as CLI measurement is only performed in UE DL active BWP.

	3
	Measurement resource
	· Configured by network, no need to define RRM requirement.
· Number of PRBs and number of symbols per slot for CLI-RSSI measurement can be determined by the use cases.

	4
	Measurement timing
	· Up to UE implementation. 

	6
	Measurement period
	· For SRS-RSRP, need to evaluate with simulation based on target side condition and accuracy.
· For CLI-RSSI, can be determined by the usage.

	7
	Side condition
	· Measurement of too weak signal is meaningless.
· Same SINR condition for SRS-RSRP and CLI-RSSI as starting point.

	8
	Measurement accuracy
	· For SRS-RSRP, following issues to be considered.
· Timing error

· SRS BW

· Cyclic shift ambiguity due to propagation delay difference
· For CLI-RSSI, accuracy is limited by RF margin.

	9
	Scheduling restriction
	· Wait for RAN1/2 conclusion on UE capability and FDM requirements.


3. Conclusions

In this paper we provided our initial analysis on RRM requirements for CLI measurement. The consideration factors are summarized in Table 1.
Table 1: Summary of consideration factors in CLI measurement requirements

	No.
	Impacted requirements
	Consideration factors

	1
	Measurement capability
	· No need to define capability on number of carriers or number of resources.

· Discuss capability on number of reporting criteria based on RAN2 conclusions on reporting configuration. 

	2
	Measurement gap
	· Not relevant, as CLI measurement is only performed in UE DL active BWP.

	3
	Measurement resource
	· Configured by network, no need to define RRM requirement.

· Number of PRBs and number of symbols per slot for CLI-RSSI measurement can be determined by the use cases.

	4
	Measurement timing
	· Up to UE implementation. 

	6
	Measurement period
	· For SRS-RSRP, need to evaluate with simulation based on target side condition and accuracy.

· For CLI-RSSI, can be determined by the usage.

	7
	Side condition
	· Measurement of too weak signal is meaningless.

· Same SINR condition for SRS-RSRP and CLI-RSSI as starting point.

	8
	Measurement accuracy
	· For SRS-RSRP, following issues to be considered.

· Timing error

· SRS BW

· Cyclic shift ambiguity due to propagation delay difference

· For CLI-RSSI, accuracy is limited by RF margin.

	9
	Scheduling restriction
	· Wait for RAN1/2 conclusion on UE capability and FDM requirements.
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