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Introduction
In RAN4#93 meeting, the following agreements were reached regarding the RSSI and channel occupancy (CO) measurements in NR-U [1]:
RSSI and Channel Occupancy: Requirements Scope
· 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


In this paper, we discuss some of the remaining issues including definition of intra-frequency and inter-frequency RSSI measurements, measurement requirements, measurement report mapping for RSSI, and gap-based measurements. 
Discussion
 Intra-frequency vs. inter-frequency RSSI 
The RAN1 agreements regarding RSSI measurements from the previous meetings are reproduced here for reference: 
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

· Units other than a single LBT bandwidth are not supported for RSSI measurement bandwidth configuration
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). 


In our understanding, the agreement highlighted in yellow above indicates that the measurement BW for each measurement object is 20 MHz only and cannot be larger. In running CRs for TS 38.331, measurement reporting of RSSI/CO do not provide a mechanism for UE to report RSSI/CO per subband either further proving that each measurement object can only cover 20 MHz (one subband). If gNB requires UE to measure RSSI for N subbands, N separate measurement objects need to be configured.  
Observation 1. Per RAN1/2 agreements, a measurement object configuration for RSSI/CO reporting can only cover a single subband of 20 MHz. RSSI/CO reporting for multiple subbands requires multiple and separate measurement objects.
Since each measurement object is configured for one subband only, it is proposed to define intra-frequency RSSI measurement to be the case when the RMTC configuration indicates that:
· Reference subcarrier spacing is the same as serving cell SCS
· Measurement BW is contained within the active BWP of the serving cell

Consequently, inter-frequency RSSI measurement is defined when any of the above conditions is not satisfied. 
Proposal 1. RAN4 to define intra-frequency RSSI measurement to be the case when the RMTC configuration indicates that:
· Reference subcarrier spacing is the same as serving cell SCS
· Measurement BW is contained within the active BWP of the serving cell

Inter-frequency RSSI measurement is defined when any of the above conditions is not satisfied. 
It is noted that with the above definition, intra-frequency RSSI measurement can be performed without the need for measurement gap whereas inter-frequency RSSI measurement requires measurement gap. 
Observation 2. With the definition in Proposal 1, intra-frequency RSSI measurement can be performed without the need for measurement gap whereas inter-frequency RSSI measurement requires measurement gap. 

 RSSI measurement reporting
As discussed at length in previous RAN4 meetings, the number of PRBs used for measurement should be coordinated between the NW and UE to ensure report mapping and CO threshold setting is done properly. This was agreed in [3]. In TS 38.215, the RSSI measurement is defined similar to that in LTE with the number of PRBs, N, used for measurement left as a parameter [4].
One option for RSSI measurement reporting and CO threshold setting is subband of 20 MHz. However, as argued in our accompanying paper on RSSI measurement accuracy [5], at least for inter-frequency gap-based RSSI measurements, the burden for UE to perform RSSI measurements with bandwidth larger than SSB BW is too high, has little or no added benefit, and unlike any legacy measurements. Although the bandwidth assumed for measurement reporting and CO threshold setting is a nominal value, it is preferred to be more realistic.  
In our view, RSSI and CSI-RS RSRP measurement reporting mapping Table 10.1.6.1-1 in TS 38.133 can be slightly modified to reflect the new unit and be re-used for RSSI measurement report mapping. It is noted that RSRP is the averaged value over one RE (SCS). Hence, the only modification necessary is changing the unit from dBm to dBm/SCS in Table 10.1.6.1-1. The advantages of this proposal are:
· The RSSI reporting is normalized to the SCS used for measurement, the least common denominator, allowing flexibility for UE implementation to measure based on any value of N so long as accuracy requirements are met and with consistent interpretation of the value on NW and UE side.
· Improved accuracy of L3 filtering is provided in a similar fashion as in RSRP report mapping (note that LTE RSSI report mapping table in TS 36.133 does not differentiate the cases when L3 filtering is enabled or disabled)
· The full dynamic range that the 8-bit field (128 possible values) provides are employed (note that LTE RSSI report mapping table in TS 36.133 only uses 77 out of 128 possible values).

Table 10.x.x.x: RSSI measurement report mapping
	Reported value
	Measured quantity value (L3 RSSI)
	Measured quantity value (L1 RSSI)
	Unit

	RSSI_0
	RSSI<-156
	Not valid
	dBm/SCS

	RSSI_1
	-156≤ RSSI<-155
	Not valid
	dBm/SCS

	…
	…
	…
	dBm/SCS

	RSSI_16
	-141≤ RSSI<-140
	RSSI<-140
	dBm/SCS

	RSSI_17
	-140≤ RSSI<-139
	-140≤RSSI<-139
	dBm/SCS

	RSSI_18
	-139≤ RSSI<-138
	-139≤ RSSI<-138
	dBm/SCS

	…
	…
	
	…

	RSSI_111
	-46≤ RSSI<-45
	-46≤ RSSI<-45
	dBm/SCS

	RSSI_112
	-45≤ RSSI<-44
	-45≤ RSSI<-44
	dBm/SCS

	RSSI_113
	-44≤ RSSI<-43
	-44≤ RSSI
	dBm/SCS

	RSSI_114
	-43≤ RSSI<-42
	Not valid
	dBm/SCS

	…
	…
	…
	…

	RSSI_126
	-31≤ RSSI
	Not valid
	dBm/SCS

	RSSI_127 
	Infinity (FFS)
	Infinity (FFS)
	dBm/SCS



Observation 3. The advantages of Table 10.x.x.x for RSSI measurement report mapping are:
· The RSSI reporting is normalized to the SCS used for measurement, the least common denominator, allowing flexibility for UE implementation to measure based on any value of N so long as accuracy requirements are met and with consistent interpretation of the value on NW and UE side.
· Improved accuracy of L3 filtering is provided in a similar fashion as in RSRP report mapping (note that LTE RSSI report mapping table in TS 36.133 does not differentiate the cases when L3 filtering is enabled or disabled)
· The full dynamic range that the 8-bit field (128 possible values) provides are employed (note that LTE RSSI report mapping table in TS 36.133 only uses 77 out of 128 possible values).

Proposal 2. RAN4 to adopt Table 10.x.x.x for RSSI measurement report mapping.
The procedure and methodology for CO reporting is the same as in LTE and consequently, no CO report mapping table is needed. 
Proposal 3. RAN4 does not need to define CO measurement report mapping table. 
Gap-based RSSI measurements
An open issue is whether any new measurement gap pattern needs to be defined by RAN4 for gap-based RSSI measurements. In LTE LAA, the RMTC periodicities are integer multiples of 40 ms from the set {40, 80, 160, 320, 640} ms and the measurement duration are from the set {1, 14, 28, 42, 70} in units of OFDM symbols. 
In NR-U, it is preferred not to have to define any new measurement gap patterns just for RSSI measurements which are optional UE capabilities. Furthermore, the current gap patterns provide sufficient flexibility and options, both in terms of period and measurement duration. Since nominal work in RAN1 for NR-U is already completed and RAN2 has only one meeting left for the core part, it is proposed that RAN4 decides on the RMTC periodicities and measurement duration and notifies RAN1/2 of these decisions. 
 More specifically, RMTC periods supported in LTE LAA are sufficient for NR-U. For measurement duration, to account for both 15 and 30 kHz SCS, it is proposed to support the set {1, 14, 28, 42, 56, 70, 84, 140} in units of OFDM symbols with the limitation of max RTMC duration to be capped at 5ms (i.e., 84 and 140 symbols to be valid only for 30 kHz SCS). As such, no new measurement gap pattern will be needed. 
Proposal 4. RMTC periodicity to be from the set of {40, 80, 160, 320, 640} ms exclusively. RMTC measurement duration to be from the set of {1, 14, 28, 42, 56, 70, 84, 140} in units of OFDM symbols with the limitation of max RTMC duration to be capped at 5ms (i.e., 84 and 140 symbols to be valid only for 30 kHz SCS). No new measurement gap pattern needed for RSSI measurement. 
 RSSI/CO measurement requirements
The measurement reporting requirements for LTE LAA are captured in clauses 8.11.4 and 8.11.5 of TS 36.133 for RSSI and CO, respectively. Unlike LTE LAA, wideband operation in NR-U may necessitate the need for configuring multiple measurement objects spanning multiple subbands. Logically, it is expected of UE to measure and report different measurement objects serially. 
Observation 4. Wideband operation in NR-U may necessitate the need for configuring multiple measurement objects spanning multiple subbands. Logically, it is expected of UE to measure and report different measurement objects serially. 
Similar to LTE LAA, the measurement reporting delay for intra-frequency RSSI/CO depends on reporting interval, RMTC period, and the DRX cycle (if configured). However, the reporting delay needs to be scaled by the number of configured intra-frequency measurement objects. More specifically, the RSSI measurement period corresponds to Nintra-MO.max(reportInterval, rmtc-Period) when DRX is not used with Nintra-MO , reportInterval, and rmtc-Period defined as the number of intra-frequency measurement objects, configured reporting interval, and configured RMTC period. When DRX is used, the measurement period is Nintra-MO.max(reportInterval, rmtc-Period, DRXcycle-length).
Proposal 5. Intra-frequency RSSI/CO measurement period corresponds to to Nintra-MO.max(reportInterval, rmtc-Period) when DRX is not used with Nintra-MO , reportInterval, and rmtc-Period defined as the number of intra-frequency measurement objects, configured reporting interval, and configured RMTC period. When DRX is used, the measurement period is Nintra-MO.max(reportInterval, rmtc-Period, DRXcycle length).
In inter-frequency measurements, measurement gaps are required. As such, the measurement reporting period can be expressed as Ninter-MO.max(reportInterval, rmtc-Period, Nfreq.MGRP) when DRX is not used where Ninter-MO is the number of inter-frequency measurement objects, and Nfreq is defined in clause 9.1.3 of TS 38.133. When DRX is used, the measurement reporting period is Ninter-MO.max(reportInterval, rmtc-Period, Nfreq.MGRP, Nfreq.DRXcycle-length).
Proposal 6. Inter-frequency RSSI/CO measurement period corresponds to Ninter-MO.max(reportInterval, rmtc-Period, Nfreq.MGRP) when DRX is not used where Ninter-MO is the number of inter-frequency measurement objects, and Nfreq is defined in clause 9.1.3 of TS 38.133. When DRX is used, the measurement reporting period is Ninter-MO.max(reportInterval, rmtc-Period, Nfreq.MGRP, Nfreq.DRXcycle-length).
 Interruptions during RSSI/CO measurements
Similar to LTE LAA, RAN4 should define interruption requirements on SCells that are deactivated when RMTC or measurement cycles are long. LTE LAA requirements in clauses 7.8.2.11 and 7.8.2.12 of TS 36.133 can be used as a starting point.
Proposal 7. RAN4 to define interruption requirements on SCells that are deactivated when RMTC or measurement cycles are long. LTE LAA requirements in clauses 7.8.2.11 and 7.8.2.12 of TS 36.133 can be used as a starting point.
 Scheduling availability during RSSI/CO measurements
When UE performs intra-frequency measurements in a TDD band, R15 has defined scheduling restrictions on UL transmission due to SS-RSRP, SS-SINR, and SS-RSRQ measurements. These are captured in clause 9.2.5.3.1 of TS 38.133. For RSSI/CO measurements in NR-U, similar restrictions on scheduling availability should apply.
When the UE performs intra-frequency RSSI/CO measurements in unlicensed spectrum, the following restrictions apply due to RSSI/CO measurements

· The UE is not expected to transmit PUCCH/PUSCH/SRS on RSSI measurement symbols, and on 1 data symbol before each consecutive RSSI symbols and 1 data symbol after each consecutive RSSI symbols within RMTC window duration. 

When intra-band carrier aggregation in unlicensed spectrum is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols.
Proposal 8. When the UE performs intra-frequency RSSI/CO measurements in unlicensed spectrum, the following restrictions apply due to RSSI/CO measurements

· The UE is not expected to transmit PUCCH/PUSCH/SRS on RSSI measurement symbols, and on 1 data symbol before each consecutive RSSI symbols and 1 data symbol after each consecutive RSSI symbols within RMTC window duration. 

When intra-band carrier aggregation in unlicensed spectrum is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols.
Conclusions
Observation 1. Per RAN1/2 agreements, a measurement object configuration for RSSI/CO reporting can only cover a single subband of 20 MHz. RSSI/CO reporting for multiple subbands requires multiple and separate measurement objects.
Proposal 1. RAN4 to define intra-frequency RSSI measurement to be the case when the RMTC configuration indicates that:
· Reference subcarrier spacing is the same as serving cell SCS
· Measurement BW is contained within the active BWP of the serving cell

Inter-frequency RSSI measurement is defined when any of the above conditions is not satisfied. 
Observation 2. With the definition in Proposal 1, intra-frequency RSSI measurement can be performed without the need for measurement gap whereas inter-frequency RSSI measurement requires measurement gap. 
Table 10.x.x.x: RSSI measurement report mapping
	Reported value
	Measured quantity value (L3 RSSI)
	Measured quantity value (L1 RSSI)
	Unit

	RSSI_0
	RSSI<-156
	Not valid
	dBm/SCS

	RSSI_1
	-156≤ RSSI<-155
	Not valid
	dBm/SCS

	…
	…
	…
	dBm/SCS

	RSSI_16
	-141≤ RSSI<-140
	RSSI<-140
	dBm/SCS

	RSSI_17
	-140≤ RSSI<-139
	-140≤RSSI<-139
	dBm/SCS

	RSSI_18
	-139≤ RSSI<-138
	-139≤ RSSI<-138
	dBm/SCS

	…
	…
	
	…

	RSSI_111
	-46≤ RSSI<-45
	-46≤ RSSI<-45
	dBm/SCS

	RSSI_112
	-45≤ RSSI<-44
	-45≤ RSSI<-44
	dBm/SCS

	RSSI_113
	-44≤ RSSI<-43
	-44≤ RSSI
	dBm/SCS

	RSSI_114
	-43≤ RSSI<-42
	Not valid
	dBm/SCS

	…
	…
	…
	…

	RSSI_126
	-31≤ RSSI
	Not valid
	dBm/SCS

	RSSI_127 
	Infinity (FFS)
	Infinity (FFS)
	dBm/SCS



Observation 3. The advantages of Table 10.x.x.x for RSSI measurement report mapping are:
· The RSSI reporting is normalized to the SCS used for measurement, the least common denominator, allowing flexibility for UE implementation to measure based on any value of N so long as accuracy requirements are met and with consistent interpretation of the value on NW and UE side.
· Improved accuracy of L3 filtering is provided in a similar fashion as in RSRP report mapping (note that LTE RSSI report mapping table in TS 36.133 does not differentiate the cases when L3 filtering is enabled or disabled)
· The full dynamic range that the 8-bit field (128 possible values) provides are employed (note that LTE RSSI report mapping table in TS 36.133 only uses 77 out of 128 possible values).

Proposal 2. RAN4 to adopt Table 10.x.x.x for RSSI measurement report mapping.
Proposal 3. RAN4 does not need to define CO measurement report mapping table. 
Proposal 4. RMTC periodicity to be from the set of {40, 80, 160, 320, 640} ms exclusively. RMTC measurement duration to be from the set of {1, 14, 28, 42, 56, 70, 84, 140} in units of OFDM symbols with the limitation of max RTMC duration to be capped at 5ms (i.e., 84 and 140 symbols to be valid only for 30 kHz SCS). No new measurement gap pattern needed for RSSI measurement. 
Observation 4. Wideband operation in NR-U may necessitate the need for configuring multiple measurement objects spanning multiple subbands. Logically, it is expected of UE to measure and report different measurement objects serially. 
Proposal 5. Intra-frequency RSSI/CO measurement period corresponds to to Nintra-MO.max(reportInterval, rmtc-Period) when DRX is not used with Nintra-MO , reportInterval, and rmtc-Period defined as the number of intra-frequency measurement objects, configured reporting interval, and configured RMTC period. When DRX is used, the measurement period is Nintra-MO.max(reportInterval, rmtc-Period, DRXcycle length).
Proposal 6. Inter-frequency RSSI/CO measurement period corresponds to Ninter-MO.max(reportInterval, rmtc-Period, Nfreq.MGRP) when DRX is not used where Ninter-MO is the number of inter-frequency measurement objects, and Nfreq is defined in clause 9.1.3 of TS 38.133. When DRX is used, the measurement reporting period is Ninter-MO.max(reportInterval, rmtc-Period, Nfreq.MGRP, Nfreq.DRXcycle-length).
Proposal 7. RAN4 to define interruption requirements on SCells that are deactivated when RMTC or measurement cycles are long. LTE LAA requirements in clauses 7.8.2.11 and 7.8.2.12 of TS 36.133 can be used as a starting point.
Proposal 8. When the UE performs intra-frequency RSSI/CO measurements in unlicensed spectrum, the following restrictions apply due to RSSI/CO measurements

· The UE is not expected to transmit PUCCH/PUSCH/SRS on RSSI measurement symbols, and on 1 data symbol before each consecutive RSSI symbols and 1 data symbol after each consecutive RSSI symbols within RMTC window duration. 

When intra-band carrier aggregation in unlicensed spectrum is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols.
A draft LS has been submitted in [7] to notify RAN1/2 of RSSI report mapping table (Proposal 2) and RMTC periodicities and measurement duration (Proposal 4).  
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