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1 Introduction
The following agreements were made [1] in RAN4#93 on the scope of RSSI and channel occupancy (CO) measurement requirements for NR-U:
· RAN4 to define:
· intra-frequency (on PCC, PSCC, and SCC), inter-frequency, and inter-RAT measurement requirements for RSSI and channel occupancy

· FFS the exact definition of intra-/inter-frequency

· intra-frequency, inter-frequency, and inter-RAT measurement accuracy requirements for RSSI and channel occupancy

· measurement reporting mapping for RSSI
· FFS whether measurement report mapping is needed for channel occupancy, depending on its definition to be decided by other groups

· clarify measurement gap patterns applicability for RSSI and channel occupancy measurements:

· All Rel-15 measurement gap patterns applicable for FR1 measurements are also applicable for RSSI and channel occupancy measurements on carrier frequencies with CCA

· FFS: for gap-based measurements if RAN1 defines the measurement duration longer than 5 ms

Related RAN1 agreements are listed below.

From RAN1#99:

Agreement:
For RSSI measurements:

· Measurement ARFCN is also provided for intra-frequency measurements (provision of ARFCN for inter-frequency measurements already agreed earlier)

· The measured bandwidth is centered on the provided ARFCN (for both intra- and inter-frequency). 
Agreement:
· Units other than a single LBT bandwidth are not supported for RSSI measurement bandwidth configuration

From RAN1#98-bis:

Agreement:
· The RSSI measurement timing configuration (RMTC) includes the following:

· Time-domain parameters: 

· Periodicity (e.g., 40/80/160/320/640 ms) 

· Measurement duration in terms of OFDM symbols with a configured reference subcarrier spacing

· Offset of RMTC measurement duration

· Frequency-domain parameters:

· Measurement bandwidth at least in units of LBT bandwidths

· FFS: Units other than LBT bandwidths

· Note: RAN4 can determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signaled measurement bandwidth. 

· Measurement ARFCN for inter-frequency measurements

· Configurable L3 filtering as in RSSI for LTE-LAA

Conclusion:

No new medium contention/load metrics other than channel occupancy are introduced

In this contribution, we discuss RSSI and channel occupancy measurement requirements for NR-U.
2 On RSSI and CO Measurement Requirements

2.1 RSSI Measurement Report Mapping
In LAA, the reporting range for RSSI was defined from -100 dBm to -25 dBm with 1 dBm resolution. The same measurement report mapping was defined also for CLI-RSSI in NR. The same measurement report mapping is proposed also for RSSI in NR-U.
· Proposal 1: RSSI measurement report mapping in NR-U is the same as that for CLI-RSSI in NR (i.e., from -100 dBm to -25 dBm with 1 dBm resolution).
For channel occupancy, no measurement report mapping in TS 36.133 exists in LTE, since this is not a physical layer measurement rather a calculation. The same approach is proposed also for NR-U.
· Proposal 2: No need to define measurement report mapping for channel occupancy in NR-U.
2.2 Intra- and inter-frequency definitions and need for gaps for RSSI and CO
Similar to LAA, RSSI and channel occupancy measurements are performed within RMTC which is configured for the UE via RRC. RSSI measurement is centered at the configured ARFCN frequency and is performed over a configured LBT bandwidth corresponding to a PRB set. 
It is proposed that intra- and inter-frequency RSSI are differentiated according to the table below.

· Proposal 3: Intra- and inter-frequency RSSI are defined according to the Table 1 below.
· Proposal 4: Need for gaps for RSSI is agreed according to the Table 1 below.
Table 1: intra-/inter-frequency definitions and need for gaps for RSSI and CO

	
	Definition
	Need for measurement gaps

	Intra-frequency RSSI
	· the bandwidth of the PRB set configured for RSSI measurement is within the bandwidth of at least one resource (e.g., CSI-RS resource, SSB, etc.) configured for a measurement on the serving cell, and 

· the SCS of the active BWP in the serving cell and of the RSSI measurement are the same
	not needed
	The RSSI measurement is over the bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The RSSI measurement is over the bandwidth which is not fully within the active BWP of the UE

	Inter-frequency RSSI
	if at least one of the two conditions above is not met


	not needed
	The RSSI measurement is over the bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The RSSI measurement is over the bandwidth which is not fully within the active BWP of the UE


2.3 RSSI and CO Measurement Period

Similar to LAA, in NR-U the UE physical layer is expected to provide to higher layers a single RSSI sample for each OFDM symbol within each configured RSSI measurement duration occurring with a configured RSSI measurement timing configuration periodicity determined by RMTC periodicity. In addition, the UE is configured with a reporting interval. Hence, the RSSI measurement period is determined at least by max(reporting interval, RMTC period), but then if the UE is configured with DRX also the DRX cycle length is taken into account, and if the UE requires measurement gaps for performing RSSI and CO measurement the measurement period would further depend on MGRP but also on the gap sharing factor.
· Proposal 5: The RSSI and CO measurement periods depend on:
· max(reportInterval, rmtc-Period) in non-DRX when measurement gaps are not required,
· max(reportInterval, rmtc-Period, DRX) in DRX when measurement gaps are not required, or
· max(reportInterval, rmtc-Period, MGRP and gap sharing) in DRX when measurement gaps are required.
2.4 RSSI and CO Measurement Reporting

Similar to LTE, periodic reporting is supported for RSSI measurements in NR-U. Event-triggered reporting has been discussed but with no agreement so far. Hence, RAN4 needs to specify measurement reporting requirements for periodic RSSI, unless further agreements are made in RAN2.

· Proposal 6: Measurement reporting requirements are to be specified for periodic RSSI and CO reporting.
3 Summary

The following have been proposed in the contribution:
· Proposal 1: RSSI measurement report mapping in NR-U is the same as that for CLI-RSSI in NR (i.e., from -100 dBm to -25 dBm with 1 dBm resolution).

· Proposal 2: No need to define measurement report mapping for channel occupancy in NR-U.

· Proposal 3: Intra- and inter-frequency RSSI are defined according to Table 1.
· Proposal 4: Need for gaps for RSSI is agreed according to Table 1.
Table 1: intra-/inter-frequency definitions and need for gaps for RSSI and CO

	
	Definition
	Need for measurement gaps

	Intra-frequency RSSI
	· the bandwidth of the PRB set configured for RSSI measurement is within the bandwidth of at least one resource (e.g., CSI-RS resource, SSB, etc.) configured for a measurement on the serving cell, and 

· the SCS of the active BWP in the serving cell and of the RSSI measurement are the same
	not needed
	The RSSI measurement is over the bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The RSSI measurement is over the bandwidth which is not fully within the active BWP of the UE

	Inter-frequency RSSI
	if at least one of the two conditions above is not met


	not needed
	The RSSI measurement is over the bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The RSSI measurement is over the bandwidth which is not fully within the active BWP of the UE


· Proposal 5: The RSSI and CO measurement periods depend on:

· max(reportInterval, rmtc-Period) in non-DRX when measurement gaps are not required,
· max(reportInterval, rmtc-Period, DRX) in DRX when measurement gaps are not required, or
· max(reportInterval, rmtc-Period, MGRP and gap sharing) in DRX when measurement gaps are required.
· Proposal 6: Measurement reporting requirements are to be specified for periodic RSSI and CO reporting.
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