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Introduction
In RAN4 #92 meeting, the BFD and CBD evaluation periods in NR-U were agreed. In this paper, we present our preliminary assessment of operation in unlicensed band on radio link monitoring requirements.
In LTE license assisted access, synchronization signals were referred to as discovery reference signal (DRS). For the purpose of this contribution, we will use the term DRS and synchronization signal block (SSB) interchangeably.
Background
During the last meeting, RAN4 agreed to extend the BFD and CBD evaluation periods [1]
	Agreement: 
Evaluation time for BFD is as follows, where the maximum value for LBFD is TBD:
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	max([50], ceil((5+LBFD)*P)*TDRS)

	DRX cycle ≤ 320ms
	max([50], ceil((7.5+LBFD)*P)*max(TDRX,TDRS))

	DRX cycle > 320ms
	ceil((5+LBFD)*P)*TDRX

	NOTE 1:	TDRS is the periodicity of DRS in the set [image: ]. TDRX is the DRX cycle length.
NOTE 2:  LBFD is the total number of missed DRS occasions due to LBT.



Agreement: 
Evaluation time for CBD is as follows, where the maximum value for LCBD is TBD:
	Configuration
	TEvaluate_CBD_SSB (ms) 

	non-DRX, DRX cycle ≤ 320ms
	ceil(([3]+LCBD)*P) * TDRS

	DRX cycle > 320ms
	ceil(([3]+LCBD)*P) * TDRX

	NOTE 1:	TDRS is the periodicity of DRS in the set [image: ]. TDRX is the DRX cycle length.
NOTE 2:  LBFD is the total number of missed DRS occasions due to LBT.






RAN4 also agreed to extend the IS period of RLM [4].
This contribution shows how the evaluation period needs to be extended for RLM OOS evaluation. We also discuss how UE can take advantage of multiple SSBs that are QCLed with one another within the same DRS transmission window. 
Discussion
The evaluation periods for IS/OOS calculation in Rel-15 are given below. Value of P is given in 38.133 [2]. 
Table 8.1.2.2-1 of 38.133: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1
	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	max(200,ceil(10*P)*TSSB)
	max(100,ceil(5*P)*TSSB)

	DRX cycle≤320
	max(200,ceil(15*P)*max(TDRX,TSSB))
	max(100,ceil(7.5*P)*max(TDRX,TSSB))

	DRX cycle>320
	ceil(10*P)*TDRX
	ceil(5*P)*TDRX

	NOTE:	TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.



NR-U leads to new scenarios and brings several additional features, w.r.t., Rel-15. First, network may have to skip transmitting discovery reference signal (DRS) within discovery measurement timing configuration (DMTC) windows to meet listen before talk requirements. 
Second, unlike Rel-15, NR-U allows network to transmit multiple synchronization signal blocks that are QCLed with one another within the DMTC window. Even if the network fails to transmit the first SSB to meet LBT requirement, it might be able to transmit a QCLed version of this SSB in other locations of the DMTC window if channel becomes clear. This can be ensured from the following RAN1 agreements [3]

	Agreement:
For a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE
· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index
· FFS: How Q is indicated or determined 
· FFS: Restriction on the range of Q.
Note: Neighbor cell RRM measurements will be addressed separately

Agreement:
For SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window.
· Note: This implies that the SSB-based RLM-RS cannot fall outside the measurement window 
· FFS: Whether and how DRS transmission window is configured to the UE




Observation 1: In NR-U, 3GPP has supported the transmission of multiple SSBs within the same DMTC window that are QCLed with each other.
If UE’s processing time is very fast, UE can try to detect a configured SSB within the DMTC window only if the quality of its QCLed SSBs, that are placed before the configured SSB within the DMTC window, fall below the threshold. This will allow UE to opportunistically take the advantage of multiple QCLed SSBs within the DMTC window and determine the quality of the configured SSB by selecting the best among the multiple QCLed SSBs. However, UE’s processing time may not be fast enough to determine if the network has transmitted the configured SSB during the time span between two QCLed SSBs. As a result, if UE is forced to monitor the QCLed SSBs within DMTC window as long as one SSB does not exceed the threshold, UE will simply be forced to monitor all SSBs within the DMTC period that are QCLed to the current SSB. UE may have to remain awake during the whole DMTC window and consume much higher power than Rel-15. 
In some other scenarios, UE might not be able to detect a reference signal due to poor link quality. In these scenarios, monitoring multiple QCLed versions of the same reference signal will consume more power but not help UE to detect it. Hence, monitoring multiple QCLed versions of the same SSB should be left to UE implementation choice.
Observation 2: UE’s processing time may not be fast enough to determine if the network has transmitted the configured SSB during the time span between two QCLed SSBs.
Observation 3: If UE is forced to monitor the QCLed SSBs within DMTC window as long as one SSB does not exceed the threshold, UE will simply be forced to monitor all SSBs within the DMTC period that are QCLed to the current SSB. 
· UE may have to remain awake during the whole DMTC window and consume much higher power than Rel-15.
Proposal 1: For IS/OOS/BFD/CBD evaluation of an SSB beam, UE may monitor one or more SSB positions within a DRS transmission window which are QCLed with the SSB beam. 
· Monitoring multiple QCLed SSBs within the DRS transmission window should be left to UE implementation.
Also, the Rel-15 RLM OOS evaluation period is not exactly applicable for NR-U. This evaluation periods need to be extended in NR-U by accounting for the number of missed occasions due to LBT. 
Proposal 2 shows how the evaluation periods can be extended for RLM.
Observation 4: The evaluation periods of RLM need to be extended in NR-U by accounting for the number of missed occasions due to LBT.
Proposal 2: 
The OOS evaluation periods for RLM, i.e. TEvaluate_out_DRS, is defined in Table 1 for NR-U in FR1. 
In this table, L is the number of DMTC periods during the evaluation period where the corresponding DRS is unavailable. The maximum value of L is TBD. The value of P, i.e. the sharing factor for RLM is defined similarly to those of SSB based RLM evaluation periods in Rel-15.  
Table 1: Evaluation period TEvaluate_out_DRS for NR-U in FR1
	Configuration
	TEvaluate_out_SSB (ms) 

	no DRX
	max(200,ceil((10+L)*P)*TDRS)

	DRX cycle≤320
	max(200,ceil((15+L)*P)*max(TDRX,TDRS))

	DRX cycle>320
	ceil((10+L)*P)*TDRX

	Note 1:	TDRS is the periodicity of DRS configured for RLM. TDRX is the DRX cycle length.
Note 2:  L is total the number of DMTC or DRX periods where reference signal is not available due to LBT.




Conclusion
Observation 1: In NR-U, 3GPP has supported the transmission of multiple SSBs within the same DMTC window that are QCLed with each other.
Observation 2: UE’s processing time may not be fast enough to determine if the network has transmitted the configured SSB during the time span between two QCLed SSBs.
Observation 3: If UE is forced to monitor the QCLed SSBs within DMTC window as long as one SSB does not exceed the threshold, UE will simply be forced to monitor all SSBs within the DMTC period that are QCLed to the current SSB. 
Observation 4: The evaluation periods of RLM  need to be extended in NR-U by accounting for the number of missed occasions due to LBT.
Proposal 1: For IS/OOS/BFD/CBD evaluation of an SSB beam, UE may monitor one or more SSB positions within a DRS transmission window which are QCLed with the SSB beam. 
· Monitoring multiple QCLed SSBs within the DRS transmission window should be left to UE implementation.
Proposal 2: 
The OOS evaluation periods for RLM, i.e. TEvaluate_out_DRS, is defined in Table 1 for NR-U in FR1. 
In this table, L is the number of DMTC periods during the evaluation period where the corresponding DRS is unavailable. The maximum value of L is TBD. The value of P, i.e. the sharing factor for RLM is defined similarly to those of SSB based RLM evaluation periods in Rel-15.  
Table 1: Evaluation period TEvaluate_out_DRS for NR-U in FR1
	Configuration
	TEvaluate_out_SSB (ms) 

	no DRX
	max(200,ceil((10+L)*P)*TDRS)

	DRX cycle≤320
	max(200,ceil((15+L)*P)*max(TDRX,TDRS))

	DRX cycle>320
	ceil((10+L)*P)*TDRX

	Note 1:	TDRS is the periodicity of DRS configured for RLM. TDRX is the DRX cycle length.
Note 2:  L is total the number of DMTC or DRX periods where reference signal is not available due to LBT.
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