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Introduction
In this paper we provide our views on LBT impacts on RRM requirements for FR2-2
Discussion
Scope of LBT related requirements
During RAN4 101-bis-e the following list of CCA related requirements to be defined was captured in the WF [1]:
		RRM requirements to be defined for LBT support in FR2-2 

	Frequency bands grouping
	3.5.3 NR operating bands in FR2
Note: Need to wait for RF agreements related to REFSENS and UE power class

	Cell reselection
	4.2A.2.2 Measurement of serving cell

	
	4.2A.2.3 Intra-frequency

	
	4.2A.2.4 Inter-frequency

	Handover
	6.1B Handover to target cell using CCA

	RRC Connection Mobility Control
	6.2.1A RRC re-establishment with CCA

	
	6.2.3.2.3 RRC release with redirection to NR carrier subject to CCA

	Signalling characteristics
	8.3A SCell activation and deactivation delay

	
	8.9 PSCell addition and release delay

	
	8.10A Active TCI state switching delay

	
	8.11.PSCell change

	
	8.11B Conditional PSCell change

	
	8.1A Radio link monitoring

	
	8.5A Link recovery procedures

	Measurement requirements
	9.2A Intra-frequency

	
	9.3A Inter-frequency

	
	9.5A L1-RSRP measurements for reporting






Considering very limited timeline for FR2-2 topic completion it is unlikely that all the agreements could be made during Rel-17. Thus, we propose to focus on single carrier CCA related requirements first. Which means deprioritization of the following requirements:
SCell activation and deactivation delay in Carriers with CCA, 
PSCell addition and release delay, 
PSCell Change, 
Conditional PSCell change

Proposal 1: RAN4 to focus on defining the CCA related requirements for single carrier case deprioritizing the following CCA related requirements definition:
SCell activation and deactivation delay in Carriers with CCA 
PSCell addition and release delay 
PSCell Change 
Conditional PSCell change

General approach
During RAN4 101-bis-e the following was captured for FR2-2 in the WF [1]:
	· Adopt the relaxation methods used in NR-U (core requirements are extended to compensate the missed samples) as a baseline
· RAN4 will reflect the LBT failures by extending the RRM requirements by N*SMTC/SSB occasions when there is at least one SMTC/SSB occasion not available at UE within N*SMTC/SSB occasions, where N is:
· Option 1: N is equal to the RX beams sweeping scaling factor
· Option 2: N is defined on case-by-case basis
· Other options are not precluded



Our understanding of the second agreement here is that for each round of Rx beam sweeping which contains at least one SMTC/SSB occasion missed due to LBT failure we need to perform another round of Rx beam sweeping. So, if there is one missed SMTC occasion during first round of Rx beam sweeping and one missed SMTC occasion in the second round of beam sweeping (performed to obtain the second measurement sample), then the measurements should be extended by 2 rounds of Rx beam sweeping. An example is shown in Figure 1.
	

Figure 1


However, in this example we can see that all the missed SMTC occasions can be covered by just a single additional round of Rx beam sweeping as it is shown in Figure 2.
 
	

Figure 2


We will need more additional rounds of Rx beam sweeping only if two LBT failures happen when UE scans the same beam, or in other words, when the SMTC occasions not available at the UE are spaced by N SMTC occasions, where N is the beam sweeping scaling factor. Such example is shown in Figure 3. In this case the number of additional Rx beam sweeping rounds is equal to the number of SMTC occasions not available at the UE and consecutively spaced by N SMTC occasions.

	

Figure 3


Proposal 2: RAN4 to agree how to define the number of additional Rx beam sweeping rounds when there are the SMTC/SSB occasions not available at the UE:
Option 1: One additional Rx beam sweeping round for each Rx beam sweeping round which contains at least one SMTC/SSB occasion missed due to LBT failure
Option 2: Number of additional Rx beam sweeping rounds is equal to the number of SMTC/SSB occasions not available at the UE and consecutively spaced by N SMTC/SSB occasions during the measurement period. If there are no SMTC/SSB occasions not available at the UE and consecutively spaced by N SMTC/SSB occasions during the measurement period, then only one additional Rx beam sweeping round is needed for measurement. 

RRC_IDLE and RRC_CONNECTED state mobility requirements 
Cell reselection
Measurement of serving cell
To extend the existing requirements on the Serving cell measurement to FR2-2 case the parameters Mn, Mp, Mq and the periodicity of the cell selection criterion evaluation should be scaled by Rx beam sweeping scaling factor.
Proposal 3: For requirements on Measurement and evaluation when subject to CCA on the serving cell RAN4 to scale up the parameters Mn, Mp, Mq and the periodicity of the cell selection criterion evaluation by Rx beam scaling factor
The changes on Nserv_CCA are also required, and they depend on the agreement for Proposal 2. 
Proposal 4: If Option 1 in Proposal 2 will be agreed then Table 4.2A.2.2-1 should be changed as follows

Table 4.2A.2.2-1: Nserv_CCA
	DRX cycle length [s]
	Scaling Factor (N1)
	Nserv_CCA [number of DRX cycles]

	
	FR1
	FR2
	

	0.32
	1
	[8]
	N1*M1*(4+M1*Ms)

	0.64
	
	[5]
	N1*M1*(4+M1*Ms)

	1.28
	
	[4]
	N1*(2+Ms)

	2.56
	
	[3]
	N1*(2+Ms)

	Note 1:	Ms is the number of (N1 DRX cycles) each with at least one SMTC occasion not available at the UE during Nserv_CCA, and Ms< Ms,max
Note2:	Ms,max=8 for DRX cycle length < 1.28 s, Ms,max= 4 for DRX cycle length ≥ 1.28 s.



	If Option 2 in Proposal 2 will be agreed then Table 4.2A.2.2-1 should be changed as follows
Table 4.2A.2.2-1: Nserv_CCA
	DRX cycle length [s]
	Scaling Factor (N1)
	Nserv_CCA [number of DRX cycles]

	
	FR1
	FR2
	

	0.32
	1
	[8]
	N1*M1*(4+M1*Ms)

	0.64
	
	[5]
	N1*M1*(4+M1*Ms)

	1.28
	
	[4]
	N1*(2+Ms)

	2.56
	
	[3]
	N1*(2+Ms)

	Note 1:	For FR1 Ms is the number of DRX cycles each with at least one SMTC occasion not available at the UE during Nserv_CCA, and Ms< Ms,max
For FR2 
if there are at least two DRX cycles each with at least one SMTC occasion not available at the UE which are spaced by N1 DRX cycles, then Ms is equal to the number of DRX cycles each with at least one SMTC occasion not available at the UE consequently spaced by N1 DRX cycles during Nserv_CCA, otherwise
if there is at least one DRX cycle with at least one SMTC occasion not available at the UE during Nserv_CCA, then Ms is equal to 1, otherwise Ms is equal to 0
Ms< Ms,max
Note2:	Ms,max=8 for DRX cycle length < 1.28 s, Ms,max= 4 for DRX cycle length ≥ 1.28 s.



Inter-frequency and intra-frequency measurements
For inter-frequency and intra-frequency measurements in RRC_IDLE state mobility Tdetect,NR_Intra_CCA, Tmeasure,NR_Intra_CCA and Tevaluate,NR_Intra_CCA and Tdetect,NR_Inter_CCA, Tmeasure,NR_Inter_CCA and Tevaluate,NR_Inter_CCA should be changed according to the agreement for Proposal 2.
Proposal 5: If Option 1 in Proposal 2 will be agreed then Table 4.2A.2.3-1 and Table 4.2A.2.4-1 should be changed as follows:
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra_CCA [s] (number of DRX cycles)
	Tmeasure,NR_Intra_CCA [s] (number of DRX cycles)
	Tevaluate,NR_Intra_CCA
[s] (number of DRX cycles)

	
	FR1
	FR2
	
	
	

	0.32
	1
	[8]
	0.32xN1x(36+Md)xM2 
{(36+Md)xN1xM2}
	0.32xN1x(4+Mm)xM2
{(4+Mm)xN1xM2
	0.32xN1x(16+Me) x M2
{(16+Me)xN1xM2}

	0.64
	
	[5]
	0.64xN1x(28+Md)  
{(28+Md)xN1}
	0.64xN1x(2+Mm) 
{(2+Mm)xN1}
	0.64xN1x(8+Me)
{(8+Me)xN1}

	1.28
	
	[4]
	1.28xN1x(25+Md)
{(25+Md)xN1}
	1.28xN1x(1+Mm)
{(1+Mm)xN1}
	1.28xN1x(5+Me) 
{(5+Me)xN1}

	2.56
	
	[3]
	2.56xN1x(23+Md)
{(23+Md)xN1}
	2.56xN1x(1+Mm)
{(1+Mm)xN1}
	2.56xN1x(3+Me) 
{(3+Me)xN1}

	Note 1:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
Note 2:	Md, Mm, Me are the number of (N1 DRX cycles) each with at least one SMTC occasion not available during the Tdetect,NR_Intra_CCA, Tmeasure,NR_Intra_CCA and Tevaluate,NR_Intra_CCA, 
Note 3:	Mm,max = 16 for DRX cycle length = 0.32s; Mm,max = 8 for DRX cycle length = 0.64s; Mm,max = 4 for DRX cycle length = 1.28s; Mm,max = 4 for DRX cycle length = 2.56s.
Note 4:	Md,max = 4*Mm,max, Me,max = 2*Mm,max.



If Option 2 in Proposal 2 will be agreed then Table 4.2A.2.3-1 and Table 4.2A.2.4-1 should be changed as follows
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra_CCA [s] (number of DRX cycles)
	Tmeasure,NR_Intra_CCA [s] (number of DRX cycles)
	Tevaluate,NR_Intra_CCA
[s] (number of DRX cycles)

	
	FR1
	FR2
	
	
	

	0.32
	1
	[8]
	0.32xN1x(36+Md)xM2 
{(36+Md)xN1xM2}
	0.32xN1x(4+Mm)xM2
{(4+Mm)xN1xM2
	0.32xN1x(16+Me) x M2
{(16+Me)xN1xM2}

	0.64
	
	[5]
	0.64xN1x(28+Md)  
{(28+Md)xN1}
	0.64xN1x(2+Mm) 
{(2+Mm)xN1}
	0.64xN1x(8+Me)
{(8+Me)xN1}

	1.28
	
	[4]
	1.28xN1x(25+Md)
{(25+Md)xN1}
	1.28xN1x(1+Mm)
{(1+Mm)xN1}
	1.28xN1x(5+Me) 
{(5+Me)xN1}

	2.56
	
	[3]
	2.56xN1x(23+Md)
{(23+Md)xN1}
	2.56xN1x(1+Mm)
{(1+Mm)xN1}
	2.56xN1x(3+Me) 
{(3+Me)xN1}

	Note 1:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
Note 2:	For FR1 Md, Mm, Me are the number of DRX cycles each with at least one SMTC occasion not available during the Tdetect,NR_Intra_CCA, Tmeasure,NR_Intra_CCA and Tevaluate,NR_Intra_CCA, and Mm ≤ Mm,max, Md ≤ Md,max and Me ≤  Me,max
For FR2 
if there are at least two DRX cycles each with at least one SMTC occasion not available at the UE which are spaced by N1 DRX cycles, then Md, Mm, Me are equal to the number of DRX cycles each with at least one SMTC occasion not available at the UE consequently spaced by N1 DRX cycles during Tdetect,NR_Intra_CCA, Tmeasure,NR_Intra_CCA and Tevaluate,NR_Intra_CCA, otherwise
if there is at least one DRX cycle with at least one SMTC occasion not available at the UE during Tdetect,NR_Intra_CCA, Tmeasure,NR_Intra_CCA and Tevaluate,NR_Intra_CCA, then Md, Mm, Me are equal to 1, otherwise Ms is equal to 0
Mm ≤ Mm,max, Md ≤ Md,max and Me ≤  Me,max
Note 3:	Mm,max = 16 for DRX cycle length = 0.32s; Mm,max = 8 for DRX cycle length = 0.64s; Mm,max = 4 for DRX cycle length = 1.28s; Mm,max = 4 for DRX cycle length = 2.56s.
Note 4:	Md,max = 4*Mm,max, Me,max = 2*Mm,max.



Moreover, the sections for inter-frequency and intra-frequency measurements in RRC_IDLE state mobility contain a number of margins for reselection criteria. For LBT-based operation in FR2-2 we propose to reuse legacy FR2 values
Proposal 6: RAN4 to reuse legacy FR2 margins for reselection criteria for inter-frequency and intra-frequency measurements in RRC_IDLE state mobility 
Handover
Currently section 6.1B Handover to target cell using CCA contains only requirements for FR1 - FR1 Handover while section for regular HO also contains requirements for FR2 - FR1, FR2 - FR2 and FR1 - FR2. The target cell in FR1 using CCA is out of current WI scope so requirements for only FR2 - FR2 and FR1 - FR2 need to be defined
The requirements can be defined by changing regular FR2 - FR2 and FR1 - FR2 requirements in the same way as it is done for FR1 - FR1 case. The definition of L1 and L1´ should follow an agreement on Proposal 1
Proposal 7: RAN4 to define requirements for Handover to target cell using CCA for FR2 - FR2 and FR1 - FR2 cases by changing regular FR2 - FR2 and FR1 - FR2 requirements in the same way as it is done for FR1 - FR1 case. The definition of L1 and L1´ should follow an agreement on Proposal 2 with N equal to 8.
RRC Connection Mobility Control
RRC re-establishment with CCA and RRC release with redirection to NR carrier subject to CCA
Proposal 8: For RRC re-establishment with CCA and RRC release with redirection to NR carrier subject to CCA RAN4 to reuse NR-U requirements except requirements for Tidentify_intra_NR_CCA , Tidentify_inter_NR_CCA, i Tidentify-NR_CCA. To define requirements for Tidentify_intra_NR_CCA , Tidentify_inter_NR_CCA, i Tidentify-NR_CCA RAN4 to extend the corresponding non-CCA requirements with additional 8xK1, 8xK2,i and 8xL1 SMTC periods, respectively. The definition of K1, K2,i and L1 should follow an agreement on Proposal 2 with N equal to 8. 

Conclusion
In this paper we provide our views on LBT impacts on RRM requirements for NR 52.6 – 71 GHz. The following proposals were made:
Proposal 1: RAN4 to focus on defining the CCA related requirements for single carrier case deprioritizing the following CCA related requirements definition:
SCell activation and deactivation delay in Carriers with CCA 
PSCell addition and release delay 
PSCell Change 
Conditional PSCell change
Proposal 2: RAN4 to agree how to define the number of additional Rx beam sweeping rounds when there are the SMTC/SSB occasions not available at the UE:
Option 1: One additional Rx beam sweeping round for each Rx beam sweeping round which contains at least one SMTC/SSB occasion missed due to LBT failure
Option 2: Number of additional Rx beam sweeping rounds is equal to the number of SMTC/SSB occasions not available at the UE and consecutively spaced by N SMTC/SSB occasions during the measurement period. If there are no SMTC/SSB occasions not available at the UE and consecutively spaced by N SMTC/SSB occasions during the measurement period, then only one additional Rx beam sweeping round is needed for measurement. 
Proposal 3: For requirements on Measurement and evaluation when subject to CCA on the serving cell RAN4 to scale up the parameters Mn, Mp, Mq and the periodicity of the cell selection criterion evaluation by Rx beam scaling factor
Proposal 4: If Option 1 in Proposal 2 will be agreed then Table 4.2A.2.2-1 should be changed as follows
Table 4.2A.2.2-1: Nserv_CCA
	DRX cycle length [s]
	Scaling Factor (N1)
	Nserv_CCA [number of DRX cycles]

	
	FR1
	FR2
	

	0.32
	1
	[8]
	N1*M1*(4+M1*Ms)

	0.64
	
	[5]
	N1*M1*(4+M1*Ms)

	1.28
	
	[4]
	N1*(2+Ms)

	2.56
	
	[3]
	N1*(2+Ms)

	Note 1:	Ms is the number of (N1 DRX cycles) each with at least one SMTC occasion not available at the UE during Nserv_CCA, and Ms< Ms,max
Note2:	Ms,max=8 for DRX cycle length < 1.28 s, Ms,max= 4 for DRX cycle length ≥ 1.28 s.



	If Option 2 in Proposal 2 will be agreed then Table 4.2A.2.2-1 should be changed as follows
Table 4.2A.2.2-1: Nserv_CCA
	DRX cycle length [s]
	Scaling Factor (N1)
	Nserv_CCA [number of DRX cycles]

	
	FR1
	FR2
	

	0.32
	1
	[8]
	N1*M1*(4+M1*Ms)

	0.64
	
	[5]
	N1*M1*(4+M1*Ms)

	1.28
	
	[4]
	N1*(2+Ms)

	2.56
	
	[3]
	N1*(2+Ms)

	Note 1:	For FR1 Ms is the number of DRX cycles each with at least one SMTC occasion not available at the UE during Nserv_CCA, and Ms< Ms,max
For FR2 
if there are at least two DRX cycles each with at least one SMTC occasion not available at the UE which are spaced by N1 DRX cycles, then Ms is equal to the number of DRX cycles each with at least one SMTC occasion not available at the UE consequently spaced by N1 DRX cycles during Nserv_CCA, otherwise
if there is at least one DRX cycle with at least one SMTC occasion not available at the UE during Nserv_CCA, then Ms is equal to 1, otherwise Ms is equal to 0
Ms< Ms,max
Note2:	Ms,max=8 for DRX cycle length < 1.28 s, Ms,max= 4 for DRX cycle length ≥ 1.28 s.



Proposal 5: If Option 1 in Proposal 2 will be agreed then Table 4.2A.2.3-1 and Table 4.2A.2.4-1 should be changed as follows:
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra_CCA [s] (number of DRX cycles)
	Tmeasure,NR_Intra_CCA [s] (number of DRX cycles)
	Tevaluate,NR_Intra_CCA
[s] (number of DRX cycles)

	
	FR1
	FR2
	
	
	

	0.32
	1
	[8]
	0.32xN1x(36+Md)xM2 
{(36+Md)xN1xM2}
	0.32xN1x(4+Mm)xM2
{(4+Mm)xN1xM2
	0.32xN1x(16+Me) x M2
{(16+Me)xN1xM2}

	0.64
	
	[5]
	0.64xN1x(28+Md)  
{(28+Md)xN1}
	0.64xN1x(2+Mm) 
{(2+Mm)xN1}
	0.64xN1x(8+Me)
{(8+Me)xN1}

	1.28
	
	[4]
	1.28xN1x(25+Md)
{(25+Md)xN1}
	1.28xN1x(1+Mm)
{(1+Mm)xN1}
	1.28xN1x(5+Me) 
{(5+Me)xN1}

	2.56
	
	[3]
	2.56xN1x(23+Md)
{(23+Md)xN1}
	2.56xN1x(1+Mm)
{(1+Mm)xN1}
	2.56xN1x(3+Me) 
{(3+Me)xN1}

	Note 1:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
Note 2:	Md, Mm, Me are the number of (N1 DRX cycles) each with at least one SMTC occasion not available during the Tdetect,NR_Intra_CCA, Tmeasure,NR_Intra_CCA and Tevaluate,NR_Intra_CCA, 
Note 3:	Mm,max = 16 for DRX cycle length = 0.32s; Mm,max = 8 for DRX cycle length = 0.64s; Mm,max = 4 for DRX cycle length = 1.28s; Mm,max = 4 for DRX cycle length = 2.56s.
Note 4:	Md,max = 4*Mm,max, Me,max = 2*Mm,max.


If Option 2 in Proposal 2 will be agreed then Table 4.2A.2.3-1 and Table 4.2A.2.4-1 should be changed as follows
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra_CCA [s] (number of DRX cycles)
	Tmeasure,NR_Intra_CCA [s] (number of DRX cycles)
	Tevaluate,NR_Intra_CCA
[s] (number of DRX cycles)

	
	FR1
	FR2
	
	
	

	0.32
	1
	[8]
	0.32xN1x(36+Md)xM2 
{(36+Md)xN1xM2}
	0.32xN1x(4+Mm)xM2
{(4+Mm)xN1xM2
	0.32xN1x(16+Me) x M2
{(16+Me)xN1xM2}

	0.64
	
	[5]
	0.64xN1x(28+Md)  
{(28+Md)xN1}
	0.64xN1x(2+Mm) 
{(2+Mm)xN1}
	0.64xN1x(8+Me)
{(8+Me)xN1}

	1.28
	
	[4]
	1.28xN1x(25+Md)
{(25+Md)xN1}
	1.28xN1x(1+Mm)
{(1+Mm)xN1}
	1.28xN1x(5+Me) 
{(5+Me)xN1}

	2.56
	
	[3]
	2.56xN1x(23+Md)
{(23+Md)xN1}
	2.56xN1x(1+Mm)
{(1+Mm)xN1}
	2.56xN1x(3+Me) 
{(3+Me)xN1}

	Note 1:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
Note 2:	For FR1 Md, Mm, Me are the number of DRX cycles each with at least one SMTC occasion not available during the Tdetect,NR_Intra_CCA, Tmeasure,NR_Intra_CCA and Tevaluate,NR_Intra_CCA, and Mm ≤ Mm,max, Md ≤ Md,max and Me ≤  Me,max
For FR2 
if there are at least two DRX cycles each with at least one SMTC occasion not available at the UE which are spaced by N1 DRX cycles, then Md, Mm, Me are equal to the number of DRX cycles each with at least one SMTC occasion not available at the UE consequently spaced by N1 DRX cycles during Tdetect,NR_Intra_CCA, Tmeasure,NR_Intra_CCA and Tevaluate,NR_Intra_CCA, otherwise
if there is at least one DRX cycle with at least one SMTC occasion not available at the UE during Tdetect,NR_Intra_CCA, Tmeasure,NR_Intra_CCA and Tevaluate,NR_Intra_CCA, then Md, Mm, Me are equal to 1, otherwise Ms is equal to 0
Mm ≤ Mm,max, Md ≤ Md,max and Me ≤  Me,max
Note 3:	Mm,max = 16 for DRX cycle length = 0.32s; Mm,max = 8 for DRX cycle length = 0.64s; Mm,max = 4 for DRX cycle length = 1.28s; Mm,max = 4 for DRX cycle length = 2.56s.
Note 4:	Md,max = 4*Mm,max, Me,max = 2*Mm,max.



Proposal 6: RAN4 to reuse legacy FR2 margins for reselection criteria for inter-frequency and intra-frequency measurements in RRC_IDLE state mobility 
Proposal 7: RAN4 to define requirements for Handover to target cell using CCA for FR2 - FR2 and FR1 - FR2 cases by changing regular FR2 - FR2 and FR1 - FR2 requirements in the same way as it is done for FR1 - FR1 case. The definition of L1 and L1´ should follow an agreement on Proposal 2 with N equal to 8.
Proposal 8: For RRC re-establishment with CCA and RRC release with redirection to NR carrier subject to CCA RAN4 to reuse NR-U requirements except requirements for Tidentify_intra_NR_CCA , Tidentify_inter_NR_CCA, i Tidentify-NR_CCA. To define requirements for Tidentify_intra_NR_CCA , Tidentify_inter_NR_CCA, i Tidentify-NR_CCA RAN4 to extend the corresponding non-CCA requirements with additional 8xK1, 8xK2,i and 8xL1 SMTC periods, respectively. The definition of K1, K2,i and L1 should follow an agreement on Proposal 2 with N equal to 8. 
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