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Introduction
In RAN4#91 meeting, a Way Forward on RRM requirements for NR-U was approved which summarized the impact of NR-U carriers in PCell, PSCell, and Scell on existing core requirements [1]. In this paper, we present our preliminary assessment of operation in unlicensed band on measurement requirements.  
Our general observation and discussion paper on NR-U requirements can be found in [2]. We believe the existing requirements can be used as a guideline and extended to NR-U following the principles in [2].
Intra-frequency measurements
 RSRP/RSRQ/SINR
The existing requirements in clause 9.2.5 of [3] can be used as guideline with consideration that NR-U operation is in FR1 TDD bands. Hence, focus is on Tidentify_intra_without_index. 
In the absence of measurement gaps, the time period for PSS/SSS detection can be extended to NR-U as in the following tables where L is the number of DMTC/DRX periods where reference signal is not available due to LBT. The core R15 requirements are extended by L and then the multipliers Kp or CSSF apply as before.
Table 9.2.5.x-1: Time period for PSS/SSS detection, (NR-U)
	DRX cycle
	TPSS/SSS_sync_intra_NR_U

	No DRX
	max( 600ms, ceil((5+L) x Kp) x DMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(1.5x (5+L) x Kp) x max(DMTC period,DRX cycle)) x CSSFintra

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

	NOTE 1:	DMTC period in the requirement refers to the DMTC of the cell being identified.
NOTE 2:  L is the number of DMTC or DRX periods where reference signal is not available due to LBT.



Table 9.2.5.x-2: Time period for PSS/SSS detection, deactivated SCell (NR_U)
	DRX cycle
	TPSS/SSS_sync_intra_NR_U

	No DRX
	(5 + L) x measCycleSCell x CSSFintra

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

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

	NOTE 1:  L is the number of DRX periods where reference signal is not available due to LBT.



When intra-frequency DMTC is fully non overlapping with measurement gaps or intra-frequency DMTC is fully overlapping with MGs, Kp=1. 
When intra-frequency DMTC is partially overlapping with measurement gaps, Kp =  1/(1- (DMTC period /MGRP)), where DMTC period < MGRP.
CSSF factor is obtained from the existing requirements in CSSFoutside_gap,i and can be summarized as below.
Table 9.2.5.x-3 CSSFintra for intra-frequency NR-U without measurement gaps
	Scenario
	CSSFoutside_gap  for NR-U PSCC
	CSSFoutside_gap for NR-U SCC

	A
	N/A
	Number of NR-U SCell(s)

	B
	1
	Number of NR-U SCell(s)

	C
	1
	Number of NR-U SCell(s)






The measurement period can be similarly extended as follows:
Table 9.2.5.x-4: Measurement period for intra-frequency measurements without gaps(NR-U)
	DRX cycle
	T SSB_measurement_period_intra_NR_U  

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

	DRX cycle≤ 320ms
	ma(200ms, ceil(1.5x (5+L) x Kp) x max(DMTC period,DRX cycle)) x CSSFintra

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

	NOTE 1:	If different SMTC periodicities are configured for different cells, the DMTC period in the requirement is the one used by the cell being identified
NOTE 2:  L is the number of DMTC or DRX periods where reference signal is not available due to LBT.



With measurement gaps, the intra-frequency requirements can be similarly extended as in the following tables.
Table 9.2.6.2-x: Time period for PSS/SSS detection (NR-U)
	DRX cycle
	TPSS/SSS_sync_intra_NR_U

	No DRX
	max(600ms, (5 + L) x max(MGRP, DMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5x(5+L)) x max(MGRP, DMTC period,DRX cycle)) x CSSFintra 

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

	L is the number of DMTC or DRX periods where reference signal is not available due to LBT.



Table 9.2.6.3-x: Measurement period for intra-frequency measurements with gaps(NR-U)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, (5 + L) x max(MGRP, DMTC period)) x CSSFintra

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

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

	L is the number of DMTC or DRX periods where reference signal is not available due to LBT.



Where CSSFintra is defined in clause 9.1.5.2 of [3]. 
As discussed in our other papers as well [2], RAN4 should consider capping all the above time periods to some max value(s). 
Proposal 1. For intra-frequency measurements in NR-U:
· With no measurement gaps, time period for PSS/SSS detection  to be as in Table 9.2.5.x-1 and 9.2.5.x-2 and measurement period to be as in Table 9.2.5.x-4 with CSSF defined in Table 9.2.5.x-3
· With measurement gaps, time period for PSS/SS detection to be as in Table 9.2.6.2-x and measurement period to be as in Table 9.2.6.3-x.
· RAN4 to consider capping the time period for PSS/SSS detection and measurement to some suitable max value(s). 
L1-RSRP
The existing requirements in clause 9.5.4 and 9.5.5 can be similarly extended to NR-U. The proposed requirements for SSB-based L1-RSRP and CSI-RS based L1-RSRP measurement period are as in the following tables. 
Table 9.5.4.x-1: Measurement period TL1-RSRP_Measurement_Period_SSB for NR-U
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*(L+P))*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*(L+P))*max(TDRX,TSSB))

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

	Note:	TSSB is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note : L is the number of occasions that the SSB-Index configured for L1-RSRP measurement is not available due to LBT.



Table 9.5.4.x-2: Measurement period TL1-RSRP_Measurement_Period_CSI-RS for NR-U
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*(L+P))*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*(L+P))*max(TDRX,TCSI-RS))

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

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.
Note 3:      L is the number of occasions that the CSI-RS configured for L1-RSRP measurement is not available due to LBT.



Proposal 2. For L1-RSRP measurement in NR-U:
· SSB based L1-RSRP measurement period to be based on Table 9.5.4.x-1 
· CSI-RS based L1-RSRP measurement period to be based on Table 9.5.4.x-2
· RAN4 to consider capping measurement periods to some suitable max value(s). 
 RSSI and Channel Occupancy
RSSI and CO are new measurements introduced in NR-U which need new requirements. 
The existing framework in LTE LAA (FS3) can be largely used in NR-U: 
“The UE shall be capable of performing RSSI measurements and estimating CO on one or more serving carrier frequencies based on RSSI samples provided by the physical layer. The UE physical layer shall provide to higher layers a single RSSI sample for each OFDM symbol within each configurated RSSI measurement duration occurring with a configured RSSI measurement timing configuration (RMTC) periodicity. The RSSI measurement period and CO reporting period shall be max(reportInterval, rmtc-period).” [5]  
Details of rmtc-period needs to be decided by other working groups. It is noted that higher level considerations about RSSI and CO measurements as outlined in our other paper [4] need to be discussed by RAN4 as well. In addition, RSSI and CO are not subject to signal availability and are just measurements of total energy (signal and interference) in designated periods. 
Proposal 3. RSSI/CO measurement requirements in intra-frequency to use LTE LAA (FS3) as guideline. RSSI/CO measurement does not depend on signal availability.
Inter-frequency measurements
 RSRP/RSRQ/SINR
Similar to intra-frequency requirements, the inter-frequency requirements in NR-U can be obtained by extending the R15 inter-frequency requirements to account for lack of signal availability. Based on clauses 9.3.4 and 9.3.5 of [3], the NR-U inter-frequency requirements related to time period for PSS/SSS detection and measurement is proposed to be according to the following tables:
Table 9.3.x-1: Time period for PSS/SSS detection, (NR-U)
	Condition NOTE1,2
	TPSS/SSS_sync_inter_NR_U

	No DRX
	 max(600ms, (L+8) x max(MGRP, DMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(600ms, ceil((8+L)x1.5) x max(MGRP, DMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms 
	(8 + L) x DRX cycle x CSSFinter

	NOTE 1: 	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2: 	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:   L is the number of DMTC or DRX periods where reference signal is not available due to LBT



Table 9.3.x-2: Measurement period for inter-frequency measurements with gaps (NR-U)
	Condition NOTE1,2
	T SSB_measurement_period_inter_NR_U

	No DRX
	max(200ms, (8 + L) x max(MGRP, DMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(200ms, ceil((8+L) x 1.5) x max(MGRP, DMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms
	(L + 8) x DRX cycle x CSSFinter

	NOTE 1: 	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2: 	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:   L is the number of DMTC or DRX periods where reference signal is not available due to LBT



Proposal 4. For inter-frequency measurements in NR-U, 
· time period for PSS/SSS detection to be based on Table 9.3.x-1
· time period for measurement to be based on Table 9.3.x-2
· RAN4 to consider capping measurement periods to some suitable max value(s). 

 RSSI and Channel Occupancy
Similar to RSSI/CO in intra-frequency, the inter-frequency RSSI/CO can also reuse the LTE LAA framework and be largely based on clause 8.11.4.2 and 8.11.5.2 of [5]. However, in this case, the RSSI/CO measurement period corresponds to max(reportInterval, rmtc-period*Nfreq, MGRP*Nfreq) where Nfreq can use the definition in clause 9.1.3.1 of [3] for EN-DC (Scenario B) and clause 9.1.3.1a for SA (Scenarios A and C).
Proposal 5. Proposal 3. RSSI/CO measurement requirements in inter-frequency to use LTE LAA (FS3) as guideline with Nfreq definition from 9.1.3.1 of TS 38.133 Scenario B and 9.1.3.1a for Scenarios A/C. RSSI/CO measurement does not depend on signal availability.

Inter-RAT measurements
Existing requirements shall apply to inter-RAT measurements in NR-U if the RAT being measured is in licensed band. The exception in inter-RAT measurements will be in scenario B before NR-U carriers are added in which case, LTE PCell is supposed to carry out inter-RAT measurements in NR-U. As mentioned in [1], these requirements can be based on inter-frequency NR-U measurement requirements. 
Proposal 6. Existing requirements shall apply to inter-RAT measurements in NR-U if the RAT being measured is in licensed band. When RAT being measured is NR-U (Scenario B before PSCell add), inter-RAT measurement requirements can be based on inter-frequency NR-U measurement requirements. 
SFTD measurements
The SFTD measurements are only applicable to scenario B where existing requirements in clause 8.17.2 of [5] can be extended to NR-U following the similar method. 
Table 8.17.2-x: SFTD measurement requirement when DRX is used
	DRX cycle length (s) Note 3
	T measure_SFTD1_NR_U

	≤0.04 

	max(200ms, (5 + L) x DMTC period)) (Note 1)

	DRX cycle ≤ 320ms
	(L + 8) x max(DRX cycle, DMTC period)

	DRX cycle > 320ms
	(L + 5) x DRX cycle 

	Note 1: Number of DRX cycles depends upon the DRX cycle in use 
Note 2: DRX cycle length in this table refers to the DRX cycle length configured for PCell or PSCell. When DRX is used in both PCell and PSCell, DRX cycle length in this table refers to the longer of the DRX cycle lengths for PCell and PSCell. 
Note 3:   L is the number of DMTC or DRX periods where reference signal is not available due to LBT



Extension of SFTD measurement time when PSCell changes without changing carrier frequency would be similar to the described way in clause 8.17.2 of [5].
Proposal 7. SFTD measurements in scenario B to be based on Table 8.17.2-x. Extension of SFTD measurement time when PSCell changes without changing carrier frequency to be similar to the described way in clause 8.17.2 of TS 36.133
Conclusions
Proposal 1. For intra-frequency measurements in NR-U:
· With no measurement gaps, time period for PSS/SSS detection  to be as in Table 9.2.5.x-1 and 9.2.5.x-2 and measurement period to be as in Table 9.2.5.x-4 with CSSF defined in Table 9.2.5.x-3
· With measurement gaps, time period for PSS/SS detection to be as in Table 9.2.6.2-x and measurement period to be as in Table 9.2.6.3-x.
· RAN4 to consider capping the time period for PSS/SSS detection and measurement to some suitable max value(s). 

Proposal 2. For L1-RSRP measurement in NR-U:
· SSB based L1-RSRP measurement period to be based on Table 9.5.4.x-1 
· CSI-RS based L1-RSRP measurement period to be based on Table 9.5.4.x-2
· RAN4 to consider capping measurement periods to some suitable max value(s). 

Proposal 3. RSSI/CO measurement requirements in intra-frequency to use LTE LAA (FS3) as guideline. RSSI/CO measurement does not depend on signal availability.
Proposal 4. For inter-frequency measurements in NR-U, 
· time period for PSS/SSS detection to be based on Table 9.3.x-1
· time period for measurement to be based on Table 9.3.x-2
· RAN4 to consider capping measurement periods to some suitable max value(s). 

Proposal 5. Proposal 3. RSSI/CO measurement requirements in inter-frequency to use LTE LAA (FS3) as guideline with Nfreq definition from 9.1.3.1 of TS 38.133 Scenario B and 9.1.3.1a for Scenarios A/C. RSSI/CO measurement does not depend on signal availability.
Proposal 6. Existing requirements shall apply to inter-RAT measurements in NR-U if the RAT being measured is in licensed band. When RAT being measured is NR-U (Scenario B before PSCell add), inter-RAT measurement requirements can be based on inter-frequency NR-U measurement requirements. 
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