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Introduction
During the last couple of meetings, RAN4 agreed to extend the evaluation period for RLM IS, BFD and CBD to account for unavailable SSBs due to DL LBT. RAN4 also discussed the extension of evaluation period for RLM OOS but could not agree to it.
This contribution focuses on two aspects: First, how to define unavailable SSBs in NR-U network. Second, whether RLM OOS evaluation period should be extended or not.
Unavailable SSB or Missed DRS Occasions in NR-U
During the last couple of meetings, RAN4 agreed to extend the RLM IS, BFD and CBD evaluation periods [1], [2]
	Agreement: 
[image: ]

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.






The above agreement raises the following question: How do we define “unavailable SSBs” or “Missed DRS Occasions” in NR-U? This question is pertinent because RAN1 allowed network to configure multiple SSBs within the SS burst set that are QCLed with each other.
	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.
Considering above observation, an SSB within a DRS transmission window can be declared unavailable through one of following two options.
1. If all SSBs that are QCLed with the SSB of interest are unavailable.
2. If the SSB in the same location is unavailable.
Option 1 forces UE to measure multiple SSBs that are QCLed with each other before declaring it to be unavailable.
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 when one SSB’s RSRP 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: UE is required to monitor, at least, one SSB among the set of SSBs that are QCLed with each other, before declaring that SSB unavailable.
· Monitoring multiple QCLed SSBs within the DRS transmission window is left to UE implementation.


Extension of RLM OOS Evaluation Period 
RAN4 has already extended the evaluation period of CBD and RLM IS to account for DL LBT. RAN4 is currently discussing if RLM OOS evaluation period needs to be extended to account for DL LBT. One argument against the extension is that UE will not be able to differentiate DL LBT vs poor link quality at low SNR conditions.
However, RAN1 has introduced channel occupancy time (COT) duration bit field per serving cell in group common PDDCH. This conveys the channel occupancy duration to UE. 
	Agreement:
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0
· The following are configurable by RRC:
· Presence of this bit-field
· Location of this bit-field in the DCI
· Length of this bit-field in the DCI 
· FFS: Whether a single value will suffice in which case, the length is not configurable
· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value
· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT
· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)
· FFS: details for this SFI-based mechanism
· FFS: Whether the duration is encoded as e.g., total length or remaining length.
· FFS: Granularity the signalled duration




If UE detects COT-SI, UE can distinguish missed reference signal due to DL LBT from poor channel condition. If UE can differentiate between DL LBT and poor channel conditions, the evaluation period for RLM OOS can be extended.
Observation 4: RAN1 has introduced COT duration bit field per serving cell in GC-PDCCH. If UE detects COT-SI, UE can distinguish missed reference signal due to DL LBT from poor channel condition.
Proposal 2: If RLM-RS falls within COT duration and if UE can decode DCI containing COT duration, the OOS evaluation period for RLM, i.e. TEvaluate_out_DRS, gets defined according to the following table for NR-U in FR1.
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.




Note that, RAN4 has already agreed to extend the evaluation period for BFD, CBD and RLM IS to accommodate DL LBT. However, the same issue of differentiating between DL LBT and poor link quality will arise in those scenarios, as well. The condition of proposal 2 can be applicable here, as well. 
Proposal 3: The extension of RLM IS, BFD and CBD evaluation period to account for DL LBT is applicable, at least, for the following scenario:
· Corresponding reference signal falls within COT duration and UE can decode the DCI containing COT duration.
·  Other scenarios are FFS.

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.
[bookmark: _GoBack]Observation 3: If UE is forced to monitor the QCLed SSBs within DMTC window when one SSB’s 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.
Observation 4: RAN1 has introduced COT duration bit field per serving cell in GC-PDCCH. If UE detects COT-SI, UE can distinguish missed reference signal due to DL LBT from poor channel condition.
[bookmark: _Hlk24038197]Proposal 1: UE is required to monitor, at least, one SSB among the set of SSBs that are QCLed with each other, before declaring that SSB unavailable.
· Monitoring multiple QCLed SSBs within the DRS transmission window is left to UE implementation.
Proposal 2: If RLM-RS falls within COT duration and if UE can decode DCI containing COT duration, the OOS evaluation period for RLM, i.e. TEvaluate_out_DRS, gets defined according to the following table for NR-U in FR1.
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.




Proposal 3: The extension of RLM IS, BFD and CBD evaluation period to account for DL LBT is applicable, at least, for the following scenario:
· Corresponding reference signal falls within COT duration and UE can decode the DCI containing COT duration.
·  Other scenarios are FFS.
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Configuration TEyaluate_in_ssB (MS)

no DRX Max(100, Ceil((5 + Liy*P)*Tssa)

DRX cycle<320 Max(100, Ceil(IERESENIEP) * Max(Torx, Tsss))
DRX cycle>320 Ceil((5 + Lin)*P)* 00N

NOTE 1: Tssg is the periodicity of the SSB configured for RLM. Tprx is the DRX cycle length.





