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1. Introduction
In last meeting RAN4 94e meeting, the RRM measurement for NR-U were discussed. There are some remaining issues about RSSI measurement [1]. We further investigate these issues and present views in this paper.
2. Discussion
Based on the discussions in the last RAN4#94e meeting, progress has been made in the following aspects:
	· No measurement report mapping is defined for Channel Occupancy measurements in NR-U.
· Measurement reporting requirements are to be specified for periodic RSSI and CO. 
· Note: this agreement can be reviewed in case further agreements are made in RAN2.

· Intra-frequency RSSI measurements are defined when both conditions are satisfied:
· Condition 1: 
· Option 1a: RMTC configured SCS is the same as the active BWP in the serving cell. 
· Option 1b: RMTC configured SCS is the same as the SCS of the serving cell SSB,
· Condition 2: 
· Option 2a: Measurement BW is contained within the active BWP of the serving cell
· Option 2b: The center frequency of the PRB set configured for RSSI measurement is aligned with the center frequency of an intra-frequency SSB. 
· Inter-frequency measurements are defined when at least one condition above is not satisfied. 
· Whether new measurement gap patterns are needed for RSSI measurements
· RSSI measurement report mapping
· Option 1: RSSI measurement report mapping is the same as for CLI-RSSI, i.e. from -100 dBm to -25 dBm with 1 dBm resolution.
· Note: this is equivalent to adopting the table in 9.1.18.5.1-1 in TS 36.133 as baseline
· Option 2: Define a new measurement report mapping 
· Proposal discussed during the meeting: 
· 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
· FFS: max(reportInterval, rmtc-Period, MGRP and gap sharing) in DRX when measurement gaps are required.
· For intra-frequency measurements:
· In wideband operation, whether to consider the number of measurement objects (Nintra-MO) in the measurement period, in case there are multiple intra-frequency measurement objects configured.
· for inter-frequency measurements:
· Whether to consider the number of measurement reports (Ninter-MO) and Nfreq in the measurement period.
· how to consider the sharing factor CSSF, and the lower bound R15 L3 measurements
· Proposals discussed during the meeting: 
· Option 1: 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). 
· Option 2:  RAN4 requirements will be defined for all RMTC configurations.
· RAN4 to define the RSSI measurement accuracy requirements based on:
· Option 1: SSB bandwidth.
· Option 2: Bandwidth configured by the gNB.
· RSSI report normalization
· Option 1: The RSSI reporting is normalized to the SCS, allowing flexibility for the UE implementation to measure based on any value of N so long as accuracy requirements are met.
· Option 2: No need to normalize the RSSI report.




The RAN1’s agreement about RSSI could be found in the LS [2]
Definition of intra-frequency and inter-frequency RSSI measurement
For the definition of intra-frequency and inter-frequency of RSSI measurement. From our understanding, option 1a and option 2a shall be adopted, which means for intra-frequency RSSI measurement, it could be performed without gap.
Proposal 1: The definition of intra-frequency and inter-frequency RSSI measurement shall be based on option 1a and 2a.
RSSI measurement report mapping
Based on RAN1’s agreement about RSSI in the LS [2] as:
	Agreement:
Keep value range for rssi-Result-r16 and channelOccupancyThreshold-r16 the same as for LTE-LAA and inform RAN2 of this decision.



Therefore, the RSSI measurement for NR-U shall adopt the report mapping for LTE-LAA as shown in the following table.
Table 1. RSSI measurement report mapping
	Reported value
	Measured quantity value
	Unit

	RSSI_00
	RSSI < ‑100 
	dBm

	RSSI_01
	-100  RSSI < ‑99
	dBm

	RSSI_02
	-99  RSSI < ‑98
	dBm

	…
	…
	…

	RSSI_74
	-27  RSSI < -26
	dBm

	RSSI_75
	-26  RSSI < -25
	dBm

	RSSI_76
	-25  RSSI
	dBm



Proposal 2: The RSSI measurement for NR-U shall adopt the report mapping for LTE-LAA
Table 1. RSSI measurement report mapping
	Reported value
	Measured quantity value
	Unit

	RSSI_00
	RSSI < ‑100 
	dBm

	RSSI_01
	-100  RSSI < ‑99
	dBm

	RSSI_02
	-99  RSSI < ‑98
	dBm

	…
	…
	…

	RSSI_74
	-27  RSSI < -26
	dBm

	RSSI_75
	-26  RSSI < -25
	dBm

	RSSI_76
	-25  RSSI
	dBm



It could be observed that for LTE-LAA, the RSSI measurement bandwidth assumed in defining the accuracy requirements is 6 RB. UE which measures with a bandwidth other that 6RB shall scale the measured RSSI to report a nominal RSSI equivalent to 6RB measurement.
Observation 1: In LTE-LAA, the RSSI measurement bandwidth assumed in defining the accuracy requirements is 6 RB. UE which measures with a bandwidth other that 6RB shall scale the measured RSSI to report a nominal RSSI equivalent to 6RB measurement.
Based on the observation above, the RSSI measurement accuracy requirements based on the bandwidth of 6 RB for 15 kHz. The RSSI reporting shall be normalized to 6 RB for 15 kHz.
Proposal 3: The RSSI measurement accuracy requirements based on the bandwidth of 6 RB for 15 kHz.
Proposal 4: The RSSI reporting shall be normalized to 6 RB for 15 kHz.

Whether new measurement gap patterns are needed for RSSI measurements
Based on RAN1 agreements [2], the RMTC period and RMTC offset are same as for LTE-LAA, while the details of measurement duration is still pending. The number of symbols may be different for different reference SCS, thus we should wait for RAN1 decision for RMTC duration.
	Agreement:
Keep value range for rmtc-Period-r16 and rmtc-SubframeOffset-r16 the same as for LTE-LAA.
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Proposal 5:  Whether new gap patterns shall be introduced for RSSI measurement for NR-U shall depend on RAN1 decision on RMTC duration.
Reporting criteria 
It could be observed that in TS 38.215, the RSSI measurement is configured over N number of resource blocks corresponding to LBT bandwidth with the center frequency of configured ARFCN. And according to TS 38.331, the RSSI measurement is configured per MO.
	TS 38.325 5.1.21
Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in configured OFDM symbols and in the configured measurement bandwidth over N number of resource blocks corresponding to LBT bandwidth with the center frequency of configured ARFCN, by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.



Observation 2: The RSSI measurement is configured over N number of resource blocks corresponding to LBT bandwidth per MO. 
For the reporting criteria, one report for RSSI and channel occupancy measurement is capable of minimum 1 RSSI measurement and 1 channel occupancy measurement over a LBT bandwidth [TS 38.215].
Proposal 6: One report for RSSI and channel occupancy measurement is capable of minimum 1 RSSI measurement and 1 channel occupancy measurement over a LBT bandwidth [TS 38.215].
Based on the analysis above, we update the requirements for reporting criteria per measurement category in the accompanied CR [4] as:
	Measurement category
	Ecat
	Note

	Intra-frequency Note 1,2,3,4,5
	9
	Events for any one or a combination of intra-frequency SS-RSRP, SS-RSRQ, and SS-SINR for NG-RAN intra-frequency cells

	Inter-frequency Note 2,3,4,5
	10
	Events for any one or a combination of inter-frequency SS-RSRP, SS-RSRQ, and SS-SINR for NG-RAN inter-frequency cells

	Inter-RAT (E-UTRA FDD, E-UTRA TDD) Note 2,4,5
	10
	Only applicable for UE with this (inter-RAT) capability. These reporting criteria apply for any E-UTRA carrier frequencies other than the carrier frequency of the E-UTRA PSCell or E-UTRA SCell.

	Inter-RAT (E-UTRA FDD, E-UTRA TDD) RSTD Note 2,4,5
	1
	Inter-RAT RSTD measurement reporting for UE supporting OTDOA; 1 report capable of minimum 16 inter-RAT cell measurements.
Only applicable for UE with this (inter-RAT RSTD via LPP [22]) capability. These reporting criteria apply for any E-UTRA carrier frequencies other than the carrier frequency of the E-UTRA PSCell or E-UTRA SCell.

	Inter-RAT (E-UTRA FDD, E-UTRA TDD) RSRP and RSRQ measurements for E-CID Note 2,4,5
	1
	Inter-RAT RSRP and RSRQ measurements for E-CID reported to E-SMLC via LPP [22]. One report capable of at least in total 10 inter-RAT RSRP and RSRQ measurements. Applicable to UE capable of reporting inter-RAT RSRP and RSRQ to E-SMLC via LPP. These reporting criteria apply for any E-UTRA carrier frequencies other than the carrier frequency of the E-UTRA PSCell or E-UTRA SCell.

	Intra-frequency RSSI and channel occupancy measurements with CCA Note 1,2
	[1]
	One report capable of one UE RSSI and channel occupancy measurements over a LBT bandwidth [4]. Applicable for UE capable of performing and reporting UE RSSI and channel occupancy on a frequency with CCA. 

	Inter-frequency RSSI and channel occupancy measurements with CCA Note 1,2
	[1]
	One report capable of one UE RSSI and channel occupancy measurements over a LBT bandwidth [4]. Applicable for UE capable of performing and reporting UE RSSI and channel occupancy on a frequency with CCA.

	NOTE 1:	When the UE is configured with PSCell and SCell carrier frequencies, Ecat for Intra-frequency is applied per corresponding NR serving frequency.
NOTE 2: Applicable for UE configured with SA NR operation mode.
NOTE 3: Applicable for UE configured with EN-DC operation mode.
NOTE 4: Applicable for UE configured with NE-DC operation mode.
NOTE 5: Applicable for UE configured with NR-DC operation mode.




Measurement capability of RSSI and CO measurement 
It could be observed that the RSSI is configured per MO over LBT bandwidth. The measurement capability of RSSI shall be discussed considering the following aspects:
· RSSI measurement bandwidth and Active BWP
· Reference SCS for RSSI and SCS of SSB
· RMTC pattern and SMTC pattern
According to the existing requirement, the number of MOs that UE is requirement to monitor is define in 9.1.3. For RSSI measurement for NR-U, it shall be carefully considered whether the measurement configured within the same MO could be performance simultaneously. 
Proposal 7: The measurement capability of RSSI shall be discussed considering the following aspects:
· RSSI measurement bandwidth and Active BWP
· Reference SCS for RSSI and SCS of SSB
· RMTC pattern and SMTC pattern

3. Conclusion
Proposal 1: The definition of intra-frequency and inter-frequency RSSI measurement shall be based on option 1a and 2a.
Proposal 2: The RSSI measurement for NR-U shall adopt the report mapping for LTE-LAA
Table 1. RSSI measurement report mapping
	Reported value
	Measured quantity value
	Unit

	RSSI_00
	RSSI < ‑100 
	dBm

	RSSI_01
	-100  RSSI < ‑99
	dBm

	RSSI_02
	-99  RSSI < ‑98
	dBm

	…
	…
	…

	RSSI_74
	-27  RSSI < -26
	dBm

	RSSI_75
	-26  RSSI < -25
	dBm

	RSSI_76
	-25  RSSI
	dBm



Observation 1: In LTE-LAA, the RSSI measurement bandwidth assumed in defining the accuracy requirements is 6 RB. UE which measures with a bandwidth other that 6RB shall scale the measured RSSI to report a nominal RSSI equivalent to 6RB measurement.
Proposal 3: The RSSI measurement accuracy requirements based on the bandwidth of 6 RB for 15 kHz.
Proposal 4: The RSSI reporting shall be normalized to 6 RB for 15 kHz.
Proposal 5: Whether new gap patterns shall be introduced for RSSI measurement for NR-U shall depend on RAN1 decision on RMTC duration.
Observation 2: The RSSI measurement is configured over N number of resource blocks corresponding to LBT bandwidth per MO. 
Proposal 6: One report for RSSI and channel occupancy measurement is capable of minimum 1 RSSI measurement and 1 channel occupancy measurement over a LBT bandwidth [TS 38.215].
Proposal 7: The measurement capability of RSSI shall be discussed considering the following aspects:
· RSSI measurement bandwidth and Active BWP
· Reference SCS for RSSI and SCS of SSB
· RMTC pattern and SMTC pattern
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