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Introduction
In RAN4#93 meeting, the following agreements were reached for measurement reporting criteria and UE measurement capabilities [1]:
Measurement Reporting Criteria
· FFS: for UE capable of and configured (if such capability exists) with wideband operation with CCA, 1 report for RSSI and channel occupancy measurements is capable of minimum 1 RSSI measurement and 1 channel occupancy measurement per subband
· for UE not capable of or not configured (if such capability exists) with wideband operation with CCA, 1 report for RSSI and channel occupancy measurements is capable of minimum 1 RSSI measurement and 1 channel occupancy measurement per carrier frequency with CCA
UE Measurement Capability
· FFS: impact of multiple candidate SSB index positions on UE measurement capability related to number of cells and SSBs


In this paper, we discuss some of the remaining issues on these topics including RSSI and channel occupancy (CO) measurement reporting per subband, impact of subbands on legacy measurement reporting criteria, and impact of multiple candidate SSB index positions on UE measurement capability.
Measurement Reporting Criteria
 RSSI/CO
In the previous RAN1 meetings, the following agreements were reached for RSSI measurements:
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 one 20 MHz 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 separate measurement objects.
Therefore, regardless of whether UE is capable of wideband operation with CCA or configured to do so or not, one report for RSSI and channel occupancy measurement consists of one RSSI measurement and one channel occupancy measurement.  
Proposal 1. Regardless of whether UE is capable of wideband operation with CCA or configured to do so or not, one report for RSSI and channel occupancy measurement consists of one RSSI measurement and one channel occupancy measurement.  
Legacy Measurements
Legacy measurement (RSRP/RSRQ/SINR/L1-RSRP) reporting criteria should not be impacted by wideband operation or scaled by the number of subbands. If a UE has to meet certain reporting criteria when it is configured with 80 MHz CBW in licensed operation, it has to meet the same reporting criteria when it is configured with 80 MHz wideband operation with CCA. In other words, the number of subbands that the UE is configured with should not alter R15 measurement reporting criteria. 
Proposal 2. Legacy R15 measurement reporting criteria not to be impacted by wideband operation with CCA or scaled by the number of subbands. 
UE Measurement Capability
The existing requirements on UE measurement capability for intra-frequency and inter-frequency measurements are as follows:
Intra-frequency requirements for FR1:
For each intra-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
· 8 identified cells, and 
· 14 SSBs with different SSB index and/or PCI on the intra-frequency layer, where the number of SSBs in the serving cell (except for the SCell) is not smaller than the number of configured RLM-RS SSB resources.

Inter-frequency requirements for FR1:
For each inter-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
· 4 identified cells, and 
· 7 SSBs with different SSB index and/or PCI on the inter-frequency layer.

In NR-U, however, the presence of a previously identified SSB index in each L1 measurement period is not guaranteed due to potential LBT failure. In case of LBT failure, gNB may postpone transmission of an SSB index to the next QCL’ed SSB position index as indicated by the Q factor which is known to UE through either MIB (serving cell) or dedicated RRC signaling (neighbor cells). Maintaining the above requirements without any modifications for NR-U leads to a significant increase in UE processing burden. More concretely, the requirements for the number of different SSB index will be scaled by 20/Q (for 30 kHz SCS) and 10/Q (for 15 kHz SCS). This issue was also discussed in [5]. Figure 1 illustrates the worst-case scenario in 30 kHz SCS with Q=1 where UE may have to make 20 different measurement attempts for one SSB previously detected at index#0 and position#0.  


Figure 1 Impact of LBT failure on transmission of QCL’ed SSB index with Q=1 and 30 kHz SCS
It is proposed to amend the UE measurement capability requirements for intra-/inter-frequency measurement by adding a NOTE as in the following 
Intra-frequency requirements for FR1:
For each intra-frequency layer with CCA, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
· 8 identified cells, and 
· 14 SSBs with different SSB index and/or PCI on the intra-frequency layer, where the number of SSBs in the serving cell (except for the SCell) is not smaller than the number of configured RLM-RS SSB resources.
NOTE: The above requirements apply assuming the detected SSB indices of identified cells remain available at their respective detected SSB position indices during layer 1 measurement period. 
Inter-frequency requirements for FR1:
For each inter-frequency layer with CCA, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
· 4 identified cells, and 
· 7 SSBs with different SSB index and/or PCI on the inter-frequency layer.
NOTE: The above requirements apply assuming the detected SSB indices of identified cells remain available at their respective detected SSB position indices during layer 1 measurement period. 


In our view, the above guarantees that UE meets at least the measurement capability requirements of R15 which was one of the main and earliest agreements of RAN4 reached in RAN4#91:
Agreement: Keep the same measurement capability as those in Rel-15 after introducing NR-U requirement.


Not having a clarification NOTE similar to the above implies the UE measurement capability requirements is significantly increased as explained earlier. 
How UE exploits the QCL’ed relationship of candidate SSB positions in LBT scenarios depends on UE implementation as well as some of the enhancement features introduced in RAN1. For instance, a UE targeting Frame-Based Equipment (FBE) access with longer frame periods (e.g., 5 or 10 ms) does not need to exploit QCL relationship as channel access is performed at fixed and pre-determined periods with channel occupancy lasting a fixed duration in time. As another example, in a deployment where COT-SI transmission through GC-PDCCH is supported by both NW and UE, it is possible to discern which SSB indices are available through time validation of COT-SI by UE.
Proposal 3. UE measurement capability for intra-frequency and inter-frequency measurements in NR-U are amended as indicated above.

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 separate measurement objects.
Proposal 1. Regardless of whether UE is capable of wideband operation with CCA or configured to do so or not, one report for RSSI and channel occupancy measurement consists of one RSSI measurement and one channel occupancy measurement.  
Proposal 2. Legacy R15 measurement reporting criteria not to be impacted by wideband operation with CCA or scaled by the number of subbands. 
Proposal 3. UE measurement capability for intra-frequency and inter-frequency measurements in NR-U are amended as in the following:
Intra-frequency requirements for FR1:
For each intra-frequency layer with CCA, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
· 8 identified cells, and 
· 14 SSBs with different SSB index and/or PCI on the intra-frequency layer, where the number of SSBs in the serving cell (except for the SCell) is not smaller than the number of configured RLM-RS SSB resources.
NOTE: The above requirements apply assuming the detected SSB indices of identified cells remain available at their respective detected SSB position indices during layer 1 measurement period. 
Inter-frequency requirements for FR1:
For each inter-frequency layer with CCA, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
· 4 identified cells, and 
· 7 SSBs with different SSB index and/or PCI on the inter-frequency layer.
NOTE: The above requirements apply assuming the detected SSB indices of identified cells remain available at their respective detected SSB position indices during layer 1 measurement period. 
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