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1 Introduction

· The following have been agreed [1] on intra-frequency measurements for NR-U in RAN4#92:
· The intra-frequency cell identification and measurement requirements are defined for Es/Iot≥-6 dB
· FFS: UE behaviour for the case when the maximum value (e.g., for LPSS/SSS or Lmeas) is exceeded
· Cell identification and measurement periods without gaps are as follows:
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· Define maximum values for L-values in the above tables
· Note: CSSF for NR-U is being discussed separately
· Note: the same approach is applicable for SSB index identification, unless RAN2 defines a different procedure
· Note: the above can be revisited when RAN1 design is concluded
· Cell identification and measurement periods with gaps are as follows:
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· Define maximum values for L-values in the above
· Note: CSSF for NR-U is being discussed separately
· Note: the same approach is applicable for SSB index identification, unless RAN2 defines a different procedure
· Note: the above can be revisited when RAN1 design is concluded
Among the remaining issues:

· Maximum values for L

· UE behavior upon exceeding the maximum L-values

In this contribution, we further discuss intra-frequency measurement requirements for NR-U.
2 Discussion
2.1 Maximum values for L-parameters and UE behaviors
The numbers of missed SSB occasions due to DL LBT failures, denoted by L in different intra-frequency requirements, needs to be limited [1]. Generally, it’s natural that such limits are set while taking into account, e.g., number of samples needed for the corresponding requirement in Rel-15 NR (i.e., without LBT), periodicity with which the signals are available and meant to be received by the UE, including DRX and SSB periodicity, etc. When defining these maximum numbers, one should also keep in mind that larger limits can theoretically enable network operation with busier channels, but this is at a cost of long delays and in some cases even impractical implementations. For example, the delays for long DRX are already quite long, which leaves less freedom for defining the maximum numbers of DL LBT failures in the requirements, while for non-DRX and short DRX cases these limits can be larger to allow for more flexibility. As a reference, for the longest DRX, we could assume the maximum number of DL LBT failures to be the same as the number of samples, which can be associated with 50% probability of accessing the channel.
The above observations suggest that, e.g., for PSS/SSS detection without gaps, LPSS/SSS,max could be defined as follows:

LPSS/SSS,max=20

for Max(TDRX,TSSB)≤40 
where TDRX=0 for non-DRX, 
LPSS/SSS,max=10

for 40<Max(TDRX,TSSB)≤320, 
LPSS/SSS,max=5

for TDRX>320.
The same approach can be followed also for other intra-frequency cell identification/measurement requirements.

· Proposal 1: Maximum numbers of DL LBT failures for different intra-frequency procedures are defined as in the table below.
	Procedure
	Rel-15 samples
	Maximum number of DL LBT failures

	
	
	Parameter name
	Parameter value
	Condition

	PSS/SSS detection, no gaps
	5
	LPSS/SSS,max
	20
	Max(TDRX,TSMTC)≤40

	
	
	
	10
	40<Max(TDRX,TSMTC)≤320

	
	
	
	5
	TDRX>320

	PSS/SSS detection for deactivated SCell, no gaps
	5
	LPSS/SSS,deact,max
	20
	Max(TDRX, measCycleSCell)≤40

	
	
	
	10
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	5
	TDRX>320

	Time index detection, no gaps
	3
	Lind,max
	12
	Max(TDRX, TSMTC)≤40

	
	
	
	6
	40< Max(TDRX, TSMTC)≤320

	
	
	
	3
	TDRX>320

	Time index detection for deactivated SCell, no gaps
	3
	Lind,deact,max
	12
	Max(TDRX, measCycleSCell)≤40

	
	
	
	6
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	3
	TDRX>320

	Measurement, no gaps
	5
	Lmeas,max
	20
	Max(TDRX, TSMTC)≤40

	
	
	
	10
	40< Max(TDRX, TSMTC)≤320

	
	
	
	5
	TDRX>320

	Measurement on deactivated SCell, no gaps
	5
	Lmeas,deact,max
	20
	Max(TDRX, measCycleSCell)≤40

	
	
	
	10
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	5
	TDRX>320

	PSS/SSS detection, with gaps
	5
	LPSS/SSS,gaps,max
	20
	Max(TDRX,TSMTC, MGRP)≤40

	
	
	
	10
	40<Max(TDRX,TSMTC, MGRP)≤320

	
	
	
	5
	TDRX>320

	Time index detection, with gaps
	3
	Lind,gaps,max
	12
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	6
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	3
	TDRX>320

	Measurement, with gaps
	5
	Lmeas,gaps,max
	20
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	10
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	5
	TDRX>320


Upon exceeding the maximum acceptable number of DL LBT failures, the UE has to restart the corresponding procedure, e.g., PSS/SSS detection, time index detection, or measurements. For aperiodic measurements, the number of restarts can perhaps be limited, after which the procedure can be abandoned.
· Proposal 2: Upon exceeding the maximum acceptable number of DL LBT failures, the UE has to restart the corresponding procedure, e.g., PSS/SSS detection, time index detection, or measurements. 

· Proposal 3: At least for aperiodic measurements, the number of restarts due to exceeding the corresponding maximum number of DL LBT failures can be limited, after which the measurement procedure can be abandoned.
2.2 Other details
The following intra-frequency requirements are needed for NR-U: 
· Cell identification and measurements without gaps

· PSS/SSS detection – yes
· PSS/SSS detection for deactivated SCell – yes

· Time index detection – (yes)
· Time index detection for deactivated SCell – (yes)
· Measurements - yes
· Measurements for deactivated SCell - no
· Cell identification and measurements with gaps

· PSS/SSS detection – yes 
· Time index detection – (yes)
· Measurements - yes
Among the above, some were explicitly agreed in RAN4#92 (marked with “yes” in the above), for some it was agreed to use the same approach (marked with “(yes)” in the above), and some were missed (marked “no” in the above).
Below, based on the agreed tables in [1] and the discussion above, we update the previous agreements with further details (marked with track changes) as well as provide tables for time index detection.
· Proposal 4: Agree on further details for intra-frequency measurement requirements as shown in the tables below.

PSS/SSS detection, no measurement gaps
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( (5+LPSS/SSS) x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(1.5x (5+LPSS/SSS) x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil((5+LPSS/SSS) x Kp) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
NOTE 2:   LPSS/SSS is the number of SMTC periods not available at the UE during TPSS/SSS_sync_intra, where LPSS/SSS ≤ LPSS/SSS,max.
NOTE 3:   LPSS/SSS,max =20 for Max(DRX cycle,SMTC period)≤40 where DRX cycle is 0 for non-DRX, LPSS/SSS,max =10 for 40<Max(DRX cycle,SMTC period)≤320, LPSS/SSS,max =5 for DRX cycle>320.


PSS/SSS detection for deactivated SCell, no measurement gaps

	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	(5+ LPSS/SSS) x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	(5+ LPSS/SSS) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	(5+ LPSS/SSS) x max(measCycleSCell, DRX cycle) x CSSFintra

	NOTE 1:   LPSS/SSS is the number of SMTC periods not available at the UE during TPSS/SSS_sync_intra, where LPSS/SSS ≤ LPSS/SSS,deact,max.
NOTE 2:   LPSS/SSS, deact,max =20 for Max(DRX cycle, measCycleSCell)≤40 where DRX cycle is 0 for non-DRX, LPSS/SSS, deact,max =10 for 40<Max(DRX cycle, measCycleSCell)≤320, LPSS/SSS, deact,max =5 for DRX cycle>320.


Time index detection, no measurement gaps

	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, ceil( (3+Lind) x Kp ) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil (1.5 x (3+Lind) x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil((3+Lind) x Kp) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
NOTE 2:   Lind is the number of SMTC periods not available at the UE during TSSB_time_index_intra, where Lind ≤ Lind,max.
NOTE 3:   Lind,max =12 for Max(DRX cycle,SMTC period)≤40 where DRX cycle is 0 for non-DRX, Lind,max =6 for 40<Max(DRX cycle,SMTC period)≤320, Lind,max =3 for DRX cycle>320.


Time index detection for deactivated SCell, no measurement gaps

	DRX cycle
	TSSB_time_index_intra

	No DRX
	(3+Lind) x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	 (3+Lind) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	(3+Lind) x max(measCycleSCell, DRX cycle) x CSSFintra

	NOTE 1:   Lind is the number of SMTC periods not available at the UE during TSSB_time_index_intra, where Lind ≤ Lind,deact,max.
NOTE 2:   Lind,deact,max =12 for Max(DRX cycle, measCycleSCell)≤40 where DRX cycle is 0 for non-DRX, Lind,deact,max =6 for 40<Max(DRX cycle, measCycleSCell)≤320, Lind, deact,max =3 for DRX cycle>320.


Measurements, no measurement gaps

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( (5+ Lmeas) x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x (5+ Lmeas) x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil((5+ Lmeas) x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified

NOTE 2:   Lmeas is the number of SMTC periods not available at the UE during T SSB_measurement_period_intra, where Lmeas ≤ Lmeas,max.
NOTE 3:   Lmeas,max =20 for Max(DRX cycle,SMTC period)≤40 where DRX cycle is 0 for non-DRX, Lmeas,max =10 for 40<Max(DRX cycle,SMTC period)≤320, Lmeas,max =5 for DRX cycle>320.


Measurements for deactivated SCell, no measurement gaps

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	(5+ Lmeas) x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	(5+ Lmeas) x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	(5+ Lmeas) x max(measCycleSCell, DRX cycle) x CSSFintra

	NOTE 1:   Lmeas is the number of SMTC periods not available at the UE during T SSB_measurement_period_intra, where Lmeas ≤ Lmeas,deact,max.
NOTE 2:   Lmeas,deact,max =20 for Max(DRX cycle, measCycleSCell)≤40 where DRX cycle is 0 for non-DRX, Lmeas,deact,max =10 for 40<Max(DRX cycle, measCycleSCell)≤320, Lmeas,deact,max =5 for DRX cycle>320.


PSS/SSS detection, with measurement gaps

	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, (5+LPSS/SSS) x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5x (5+LPSS/SSS)) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	(5+LPSS/SSS) x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:   LPSS/SSS is the number of SMTC periods not available at the UE during TPSS/SSS_sync_intra, where LPSS/SSS ≤ LPSS/SSS,gaps,max.
NOTE 2:   LPSS/SSS,gaps,max =20 for Max(DRX cycle,SMTC period,MGRP)≤40 where DRX cycle is 0 for non-DRX, LPSS/SSS,gaps,max =10 for 40<Max(DRX cycle,SMTC period,MGRP)≤320, LPSS/SSS,gaps,max =5 for DRX cycle>320.


Time index detection, with measurement gaps

	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, (3+Lind) x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil(1.5x (3+Lind)) x max(MGRP, SMTC period,DRX cycle) x CSSFintra) 

	DRX cycle>320ms
	(3+Lind) x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:   Lind is the number of SMTC periods not available at the UE during TSSB_time_index_intra, where Lind ≤ Lind,gaps,max.
NOTE 2:   Lind,gaps,max =12 for Max(DRX cycle,SMTC period)≤40 where DRX cycle is 0 for non-DRX, Lind,gaps,max=6 for 40<Max(DRX cycle,SMTC period)≤320, Lind,gaps,max =3 for DRX cycle>320.


Measurements, with measurement gaps

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, (5+Lmeas) x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x (5+Lmeas)) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	(5+Lmeas) x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:   Lmeas is the number of SMTC periods not available at the UE during T SSB_measurement_period_intra, where Lmeas ≤ Lmeas,gaps,max.
NOTE 2:   Lmeas,gaps,max =20 for Max(DRX cycle,SMTC period,MGRP)≤40 where DRX cycle is 0 for non-DRX, Lmeas,gaps,max =10 for 40<Max(DRX cycle,SMTC period,MGRP)≤320, Lmeas,gaps,max =5 for DRX cycle>320.


3 Summary

The following have been proposed in this contribution.

· Proposal 1: Maximum numbers of DL LBT failures for different intra-frequency procedures are defined as in the table below.

	Procedure
	Rel-15 samples
	Maximum number of DL LBT failures

	
	
	Parameter name
	Parameter value
	Condition

	PSS/SSS detection, no gaps
	5
	LPSS/SSS,max
	20
	Max(TDRX,TSMTC)≤40

	
	
	
	10
	40<Max(TDRX,TSMTC)≤320

	
	
	
	5
	TDRX>320

	PSS/SSS detection for deactivated SCell, no gaps
	5
	LPSS/SSS,deact,max
	20
	Max(TDRX, measCycleSCell)≤40

	
	
	
	10
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	5
	TDRX>320

	Time index detection, no gaps
	3
	Lind,max
	12
	Max(TDRX, TSMTC)≤40

	
	
	
	6
	40< Max(TDRX, TSMTC)≤320

	
	
	
	3
	TDRX>320

	Time index detection for deactivated SCell, no gaps
	3
	Lind,deact,max
	12
	Max(TDRX, measCycleSCell)≤40

	
	
	
	6
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	3
	TDRX>320

	Measurement, no gaps
	5
	Lmeas,max
	20
	Max(TDRX, TSMTC)≤40

	
	
	
	10
	40< Max(TDRX, TSMTC)≤320

	
	
	
	5
	TDRX>320

	Measurement on deactivated SCell, no gaps
	5
	Lmeas,deact,max
	20
	Max(TDRX, measCycleSCell)≤40

	
	
	
	10
	40< Max(TDRX, measCycleSCell)≤320

	
	
	
	5
	TDRX>320

	PSS/SSS detection, with gaps
	5
	LPSS/SSS,gaps,max
	20
	Max(TDRX,TSMTC, MGRP)≤40

	
	
	
	10
	40<Max(TDRX,TSMTC, MGRP)≤320

	
	
	
	5
	TDRX>320

	Time index detection, with gaps
	3
	Lind,gaps,max
	12
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	6
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	3
	TDRX>320

	Measurement, with gaps
	5
	Lmeas,gaps,max
	20
	Max(TDRX, TSMTC, MGRP)≤40

	
	
	
	10
	40< Max(TDRX, TSMTC, MGRP)≤320

	
	
	
	5
	TDRX>320


· Proposal 2: Upon exceeding the maximum acceptable number of DL LBT failures, the UE has to restart the corresponding procedure, e.g., PSS/SSS detection, time index detection, or measurements. 

· Proposal 3: At least for aperiodic measurements, the number of restarts due to exceeding the corresponding maximum number of DL LBT failures can be limited, after which the measurement procedure can be abandoned.

· Proposal 4: Agree on further details for intra-frequency measurement requirements as shown in the tables in Section 2.2
4 References
[1] R4-1910551, WF on RRM requirements for NR-U, Ericsson, Qualcomm Inc., Nokia, Nokia Shanghai Bell, Aug. 2019.
PAGE  
3

