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1. Introduction
In last meeting RAN4 93, the RRM requirements and impact of NR-U are discussed, and the potential agreements and the remaining open issues about measurement capability are summarized in the WF [1].
In this paper, we discuss the remaining issues about measurement capability in NR-U based on the discussion in the last meeting.
2. Discussion
In the last RAN4 93 meeting, the remaining issues related to SSB index position are presented as follows which are related to the measurement capability, so we discuss these issues together in this paper under this agenda.
	RLM: QCL-ed SSBs
Option 1: 
UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other
Option 2: 
UE is required to monitor all SSBs from the set of SSBs that are QCLed with each other
Option 3: 
UE is required to monitor all SSBs regardless of QCL assumptions

PBCH Reading at SSB Index Detection
FFS whether PBCH reading is required for SSB index identification in FR1 for NR-U

UE Measurement Capability
· FFS: impact of multiple candidate SSB index positions on UE measurement capability related to number of cells and SSBs




The first issue should be defined at the first place is the correct UE behaviour when measuring multiple SSBs within the SSB burst. According to RAN1’s design, multiple SSBs are QCL-ed when they have the same value of modulo (A, Q) as follows:


	Agreement:
For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE
· A is the PBCH DMRS sequence index.
· Note: This agreement extends a prior agreement for serving cells on QCL relation between SS/PBCH blocks to neighbour cells

Agreement:
The following bits of the PBCH payload (not MIB) are used for serving cell timing determination within a frame in addition to the PBCH DMRS sequence index as agreed earlier:
·  for 15 kHz SCS, and   and  for 30 kHz SCS
·  (the half-frame bit as in Rel-15)


Agreement:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency  




It can be observed that UE could measure another QCL-ed SSB when the measured SSB is unavailable due to LBT failure. Based on the options given in the WF, we further discuss the options and whether the PBCH reading is needed under each case.
Observation 1: Whether the PBCH reading and the UE measurement capability depend on UE’s behaviour when measuring multiple SSBs.
For the issue whether the PBCH reading is needed, if for the SSB-level measurement report, the PBCH reading may not needed since the DMRS sequence index can indicate the exact Tx beam. However, the PBCH reading may necessary to find the SSB candidate positons when UE is required to measure multiple QCL-ed SSB which will be analysed below.
Observation 2:  For the issue whether the PBCH reading is needed, if for the SSB-level measurement report, the PBCH reading may not needed since the DMRS sequence index can indicate the exact Tx beam. However, the PBCH reading may necessary to find the SSB candidate positons when UE is required to measure multiple QCL-ed SSB.
For option 1, UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other. We further divide it in two 2 cased.
Option 1a. When the measured SSB is considered as an unavailable one, the UE is not required to measure another QCL-ed SSB.
Option 1b. When the measured SSB is considered as an unavailable one, the UE is required to measure another QCL-ed SSB until an available one is found or all SSBs within the Set (have the same value of modulo(A,Q) ) have been measured. 
Observation 3: For option 1, UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other. We further divide it in two 2 cased.
Option 1a. When the measured SSB is considered as an unavailable one, the UE is not required to measure another QCL-ed SSB.
Option 1b. When the measured SSB is considered as an unavailable one, the UE is required to measure another QCL-ed SSB until an available one is found or all SSBs within the Set (have the same value of modulo(A,Q) ) have been measured. 
For the option 1a, UE is not required to find another QCL-ed SSB, thus the candidate position is no needed. In this case, the PBCH reading is not need and the number of cells and SSBs related to the measurement capability should be the same as the existing requirement.
For the option 1b, UE is required to locate other QCL-ed SSBs when an unavailable one is detected. In this case, the PBCH reading is necessary for UE to locate the position of the QCL-ed SSBs. In this way, the UE is require to measure at least Q SSBs of a Cell, where Q indicates the number of QCL-ed sets. For this option, the number of SSBs of the measurement capability will be increased. 
For option 2 and option 3, from our understanding, they are the same where all candidate positions are required to measure. In this case, the PBCH reading is also necessary for UE to locate the position of the QCL-ed SSBs. The UE is required to measure all candidate positions (10 for 15kHz and 20 for 30kHz), which will greatly increase measurement capability.
Observation 4:
For the option 1a, UE is not required to find another QCL-ed SSB, thus the PBCH reading is not need and the number of cells and SSBs related to the measurement capability should be the same as the existing requirement.
For the option 1b, UE is required to locate other QCL-ed SSBs when an unavailable one is detected. In this case, the PBCH reading is necessary for UE to locate the position of the QCL-ed SSBs. In this way, the UE is require to measure at least Q SSBs of a Cell, where Q indicates the number of QCL-ed sets. For this option, the number of SSBs of the measurement capability will be increased. 
For option 2 and option 3, from our understanding, they are the same where all candidate positions are required to measure. In this case, the PBCH reading is also necessary for UE to locate the position of the QCL-ed SSBs. The UE is required to measure all candidate positions (10 for 15kHz and 20 for 30kHz), which will greatly increase measurement capability.
From our understanding, the UE behavior of Option 1a is more feasible which will not impact the current UE capability. However, the UE behavior and benefits for measuring multiple SSBs should be further considered in the following meetings.
Proposal 1: The UE behavior of Option 1a shall be adopted. The UE behavior and benefits for measuring multiple SSBs should be further considered in the following meetings.

3. Conclusions
Observation 1: Whether the PBCH reading and the UE measurement capability depend on UE’s behaviour when measuring multiple SSBs.
Observation 2:  For the issue whether the PBCH reading is needed, if for the SSB-level measurement report, the PBCH reading may not needed since the DMRS sequence index can indicate the exact Tx beam. However, the PBCH reading may necessary to find the SSB candidate positons when UE is required to measure multiple QCL-ed SSB.
Observation 3: For option 1, UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other. We further divide it in two 2 cased.
Option 1a. When the measured SSB is considered as an unavailable one, the UE is not required to measure another QCL-ed SSB.
Option 1b. When the measured SSB is considered as an unavailable one, the UE is required to measure another QCL-ed SSB until an available one is found or all SSBs within the Set (have the same value of modulo(A,Q) ) have been measured. 
Observation 4:
For the option 1a, UE is not required to find another QCL-ed SSB, thus the PBCH reading is not need and the number of cells and SSBs related to the measurement capability should be the same as the existing requirement.
For the option 1b, UE is required to locate other QCL-ed SSBs when an unavailable one is detected. In this case, the PBCH reading is necessary for UE to locate the position of the QCL-ed SSBs. In this way, the UE is require to measure at least Q SSBs of a Cell, where Q indicates the number of QCL-ed sets. For this option, the number of SSBs of the measurement capability will be increased. 
For option 2 and option 3, from our understanding, they are the same where all candidate positions are required to measure. In this case, the PBCH reading is also necessary for UE to locate the position of the QCL-ed SSBs. The UE is required to measure all candidate positions (10 for 15kHz and 20 for 30kHz), which will greatly increase measurement capability.
Proposal 1: The UE behavior of Option 1a shall be adopted. The UE behavior and benefits for measuring multiple SSBs should be further considered in the following meetings.
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