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Introduction
In RAN4#94-e meeting, RSSI and CO measurements were further discussed with the following agreements in WF [1]:
RSSI and Channel Occupancy measurements:
· 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.
· RAN4 to further discuss scheduling restrictions during RSSI/CO measurements
· RAN4 to discuss interruption requirements during RSSI/CO measurements.
· No wideband RSSI and channel occupancy reporting criteria are seen to be needed in Rel-16.


In this paper, we further discuss these topics. RAN2 agreements related to RSSI/CO from previous RAN2 meeting is as in the following:
Agreement:
The RMTC-Config can indicate a reference SCS and CP as one of {15 kHz, 30 kHz, 60 kHz-NCP, 60 kHz-ECP}
Agreement:
The L1 averaging duration of RSSI measurements (within a configured measurement duration) is limited to 1 OFDM symbol of a configured reference subcarrier spacing.
Agreement:
Keep value range for rmtc-Period-r16 and rmtc-SubframeOffset-r16 the same as for LTE-LAA.
Agreement:
Keep value range for rssi-Result-r16 and channelOccupancyThreshold-r16 the same as for LTE-LAA and inform RAN2 of this decision.
Agreement:
For RSSI (and channel occupancy measurements) layer 3 filtering is not applied.


Discussion
 Intra-frequency vs. inter-frequency RSSI 
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. 


In our understanding, RMTC is a wholly separate configuration from SMTC. In fact, RMTC is typically going to be configured to not collide with SMTC to get a more accurate measurement of channel occupancy. Moreover, if RSSI measurement is supposed to be over the 20 MHz measurement bandwidth (as some companies have been arguing so far), we fail to understand why the SCS configured in RMTC should have any relationship with the SCS of the serving cell SSB. 
Regarding the second condition, we again fail to see why the center frequency of RSSI measurement bandwidth is tied to center frequency of SSB. In NR-U, synchronization rasters are defined to be aligned on the edge of the 20 MHz subbands to allow for FDM’ing RMSI, CSI-RS, and taking full advantage of access to channel once LBT passes. Centering RSSI measurement bandwidth on center frequency of SSB undoubtedly means that the measurement bandwidth falls outside of the subband for which it is configured. This is shown in Figure 1 below.



Figure 1 RSSI MO w.r.t subband if center-frequency of MO is aligned to SSB center frequency
Consequently, for a UE which does not support wideband operation and relies on CA in NR-U for aggregation of subbands, Option 2b essentially means intra-frequency RSSI measurement always requires MG which is nonsensical. 
Proposal 1. Intra-frequency RSSI measurement is defined when: 
· RMTC configured SCS is the same as the SCS of active BWP in the serving cell 
· 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. 
RSSI measurement report mapping
From RAN4#94-e meeting WF [1]:
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 
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.


In [2], we argued that the presence of L3 filtering in RSSI measurement reporting would require a different measurement report mapping table compared to that in LTE LAA. Since then, RAN2 agreed to remove L3 filtering in RSSI measurement reporting and we can now agree that the LTE LAA measurement report mapping is adequate for NR RSSI measurement report mapping. On RSSI report normalization, we also agree that if gNB and UE use a specified measurement bandwidth for the reporting purpose, the normalization of the RSSI report is not necessary.
Proposal 2. NR-U RSSI report mapping table to be based on LTE LAA RSSI report mapping table.
 Gap-based RSSI measurement
Need for measurement gaps:
· Whether new measurement gap patterns are needed for RSSI measurements


It is noted that with the definition of intra-frequency RSSI measurement in Section 2.1, intra-frequency RSSI can be performed without the need for measurement gap whereas inter-frequency RSSI measurement requires measurement gap. 
Observation 1. 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. 
The running RAN2 CR on TS 38.331 so far includes RMTC periodicities and durations (in units of ms) that are the same as in LTE LAA, i.e., RMTC duration does not exceed 5ms in length. While the running CR is not finalized, our view is that RSSI measurement should not require any new measurement gap patterns and the current MG periodicities and lengths are enough to satisfy the purpose of RSSI measurement in NR. Hence, it is proposed that:
Proposal 3. No new measurement gap pattern to be defined for RSSI measurements in NR-U.
 RSSI/CO measurement period
RSSI/CO measurement periods:
· 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


As discussed earlier, L3 filtering for RSSI is no longer applicable based on RAN2 agreement and should not be of concern. 
A particular consideration in RSSI measurement for NR-U is the number of subbands (measurement objects) that UE can be configured when measurement gap is or is not needed.
If UE is not capable of wideband operation in NR-U (i.e., uses CA in units of 20 MHz instead), then each CC can be configured with at most one RSSI MO that will not require a gap for measurement. In such case, Tables 9.1.5.1.1-1 and 9.1.5.1.2-1 of TS 38.133 already list CSSFoutside-gap,i which indicate a scaling factor corresponding to the number of CCs. It is logical to assume that same is applicable for RSSI measurement in NR-U without measurement gap for a UE that is not capable of wideband operation. 
Observation 2. For UE not capable of wideband operation in NR-U, RSSI measurement period scales with the number of MOs not requiring measurement gap according to CSSFoutside-gap,i.
For a UE capable of wideband operation, one CC can be configured with more than one RSSI MO that will not require a gap for measurement. In such case, our view is that the same conclusion for CA operation should be applied, i.e., UE cannot measure RSSI corresponding to multiple subbands in parallel. 
To simplify the formulation of measurement period such that it includes both scenarios discussed above, it is proposed to use Ninta,MO instead of CSSFoutside-gap,i since the definition of CSSFoutside-gap,i does not extend to UE capable of wideband operation. It is noted that CSSFoutside-gap,i prioritizes the measurement of primary CC over other CCs by assigning the value of 1 to primary CC. In our understanding, however, there is no higher priority of any subband over the other subbands in RSSI measurement. 
Proposal 4. When measurement gap is not required, RSSI/CO measurement period corresponds to:
· Nintra-MO.max(reportInterval, rmtc-Period) when DRX is not used 
· Nintra-MO.max(reportInterval, rmtc-Period, DRXcycle length) when DRX is used

where Nintra-MO , reportInterval, and rmtc-Period is defined as the number of measurement objects that can be measured without gaps, configured reporting interval, and configured RMTC period, respectively. 
When measurement gap is needed for RSSI/CO measurements, the same methodology used in inter-frequency measurements with CSSFwithin-gap,i can be used. In this case, CSSFinside-gap,i can replace the scaling factor corresponding to number of RSSI MO that UE is configured with.

Proposal 5. When measurement gap is required, RSSI/CO measurement period corresponds to:
· max(reportInterval, rmtc-Period, MGRP).CSSFinter when DRX is not used 
· max(reportInterval, rmtc-Period, MGRP, DRXcycle length).CSSFinter when DRX is used

where CSSFinter is determined according to CSSFwithin-gap,i in clause 9.1.5.2 for measurement conducted within measurement gaps.
 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 6. 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. Based on the clarification in the email discussion [3]:
Proposal 7. 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 RSSI symbols and 1 data symbol after each 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
Proposal 1. Intra-frequency RSSI measurement is defined when: 
· RMTC configured SCS is the same as the SCS of active BWP in the serving cell 
· 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. 
Proposal 2. NR RSSI report mapping table to be based on LTE LAA RSSI report mapping table.
Observation 1. 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. 
Proposal 3. No new measurement gap pattern to be defined for RSSI measurements in NR-U.
Observation 2. For UE not capable of wideband operation in NR-U, RSSI measurement period scales with the number of MOs not requiring measurement gap according to CSSFoutside-gap,i.
Proposal 4. When measurement gap is not required, RSSI/CO measurement period corresponds to:
· Nintra-MO.max(reportInterval, rmtc-Period) when DRX is not used 
· Nintra-MO.max(reportInterval, rmtc-Period, DRXcycle length) when DRX is used

where Nintra-MO , reportInterval, and rmtc-Period is defined as the number of measurement objects that can be measured without gaps, configured reporting interval, and configured RMTC period, respectively. 
Proposal 5. When measurement gap is required, RSSI/CO measurement period corresponds to:
· max(reportInterval, rmtc-Period, MGRP).CSSFinter when DRX is not used 
· max(reportInterval, rmtc-Period, MGRP, DRXcycle length).CSSFinter when DRX is used

where CSSFinter is determined according to CSSFwithin-gap,i in clause 9.1.5.2 for measurement conducted within measurement gaps.
Proposal 6. 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 7. 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 RSSI symbols and 1 data symbol after each 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.
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