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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





General approach
During RAN4 #102-e the following agreements were captured for FR2-2 in the WF [2]:
	· Use “FR2-2” term for all CCA related requirements in the spec since currently there is no CCA operation in FR2-1
· The step of FR2-2 RRM requirements extension due to missed SMTC/SSB occasions is equal to N SMTC/SSB occasions, where N is RX beam sweeping scaling factor
· The RRM requirements are extended by the number of SSB/SMTC occasions groups not available at UE. An SSB/SMTC occasions group consists of N consecutive SSB/SMTC occasions. An SSB/SMTC occasions group is not available, when at least one SSB/SMTC occasion in the group is not transmitted by the gNB.
· The definition of SSB/SMTC occasion follows Rel-16 NR-U definition
· FFS how to introduce the test case
· FFS if agreement applies to RLM OOS and BFD
· RAN4 will reuse the FR1 value of maximum number of SMTC occasions not available at the UE considering that for FR2-2 it is the maximum number of SMTC/SSB groups with at least one SMTC/SSB occasion not available at the UE. 
· Within the set of measurements any two measurements shall not be separated in time by more than X ms. 
· RAN4 to keep N as RX beam sweeping scaling factor but update N in 9.2A and 9.3A to NSSB



Our understanding of the above 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


Remaining issues in RLM and link recovery requirements 
Evaluation periods
In the last meeting, we have agreed on the principle to specify extended requirements for cases of missed SSB due to LBT failure. The agreement is that the RRM requirements are extended by the number of SSB/SMTC occasions groups not available at UE. An SSB/SMTC occasions group is not available, when at least one SSB/SMTC occasion in the group is not transmitted by the gNB. Our opinion is that this should also apply to RLM OOS evaluation periods requirements.
One of the problems is how to consider whether the missed SSB is due to LBT failure/gNB not transmitting or due to miss detection at the UE. In the FR1 NR-U discussions, we had specified fixed numbers of allowed samples in each of the requirements so that we have a fixed upper bound of extended samples and measurement delays. For FR2-2 we think it is straightforward to follow this approach. In the below table it shows the FR1 requirements for OOS with LBT.
	Table 8.1A.2.2-1: Evaluation period TEvaluate_out_SSB,CCA and TEvaluate_in_SSB,CCA for FR1
	Configuration
	TEvaluate_out_SSB,CCA (ms)
	TEvaluate_in_SSB,CCA (ms)

	
	RLM-RS SSB Es/IotNote4 ≥-7 dB
	RLM-RS SSB Es/Iot Note4 <-7 dB
	

	no DRX
	Max(200, Ceil(17*P)*TSSB)
	Max(200, Ceil(24*P)*TSSB)
	Max(100, Ceil((5+Lin)*P)*TSSB)

	DRX cycle≤320
	Max(200, Ceil(1.5*15*P)*Max(TDRX,TSSB))
	Max(200, Ceil(1.5*20*P)*Max(TDRX,TSSB))
	Max(100, Ceil(1.5*(5+Lin)*P)*Max(TDRX,TSSB))

	DRX cycle>320
	Ceil(13*P)*TDRX
	Ceil(16*P)*TDRX
	Ceil((5+Lin)*P)*TDRX

	NOTE 1:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.
NOTE 2:	When DRX is not configured, Lin is the number of RLM-RS SSB occasions which are not available at the UE during TEvaluate_in_SSB,CCA, where Lin ≤ Lin,max. When DRX is configured, Lin is the number of DRX cycles in which at least one RLM-RS SSB occasion is not available at the UE during TEvaluate_in_SSB,CCA, where Lin ≤ Lin,max. The UE is not required to determine the availability of SSB occasions more frequent than once per DRX cycle length, when configured with DRX.
NOTE 3:	Lin,max=7 for Max(TDRX,TSSB) ≤ 40 assuming TDRX=0 for non-DRX case, 
	Lin,max=5 for 40<Max(TDRX,TSSB)≤320,
	Lin,max=3 for TDRX>320.
NOTE 4:	RLM-RS SSB Es/Iot is the averaged Es/Iot over the most recent previous out-of-sync evaluation period.





In the FR1 requirements we used 17, 24 and etc. as numbers of allowed samples. It is rather long if we use the same number in FR2-2 since we need to scale them with Rx beam factor N. Thus we propose the below requirements for FR2-2 considering that Lout is already a relaxation.
<TP starts>
Table 8.1A.2.2-2: Evaluation period TEvaluate_out_SSB,CCA and TEvaluate_in_SSB,CCA for FR2-2
	Configuration
	TEvaluate_out_SSB,CCA (ms)
	TEvaluate_in_SSB,CCA (ms)

	
	
	

	no DRX
	Max(200, Ceil((10 + 2  Lout)  P  N)  TSSB)
	Max(100, Ceil((5 +Lin)*P* N)*TSSB)

	DRX cycle≤320
	Max(200, 1.5*Ceil((10 + 2  Lout)   P  N )  Max(TDRX,TSSB))
	Max(100, Ceil(1.5*(5 +Lin)*P* N)*Max(TDRX,TSSB))

	DRX cycle>320
	Ceil((10 + 2  Lout)   P  N)  TDRX
	Ceil((5+Lin)*P* N)*TDRX

	NOTE 1:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.
NOTE 2:	When DRX is not configured, Lin is the number of RLM-RS SSB occasions groups which are not available at the UE during TEvaluate_in_SSB,CCA, where Lin ≤ Lin,max. A RLM-RS SSB occasions group consists of N consecutive RLM-RS SSB occasions, and the RLM-RS SSB occasions group is not available at the UE when at least one RLM-SSB occasion in the group is not transmitted by the gNB. When DRX is configured, Lin is the number of DRX cycles groups which are not available at the UE during TEvaluate_in_SSB,CCA, where Lin ≤ Lin,max. A DRX group consists of N DRX cycles, and the DRX group is not available when there is at least one DRX in which at least one RLM-RS SSB occasion is not available. The UE is not required to determine the availability of SSB occasions more frequent than once per DRX cycle length, when configured with DRX.
NOTE 3:	Lin,max=7 for Max(TDRX,TSSB) ≤ 40 assuming TDRX=0 for non-DRX case, 
	Lin,max=5 for 40<Max(TDRX,TSSB)≤320,
	Lin,max=3 for TDRX>320.
NOTE 4:   Lout is the number of number of SSB/SMTC occasions groups not available at UE.


<TP ends>
Proposal 1: Specify the above evaluation period requirements for RLM with LBT in FR2-2.
Conclusion
In this paper we provide our views on LBT impacts on RRM requirements for NR 52.6 – 71 GHz. The following proposal is made. 
Proposal 1: Specify the above evaluation period requirements for RLM with LBT in FR2-2.
<TP starts>
Table 8.1A.2.2-2: Evaluation period TEvaluate_out_SSB,CCA and TEvaluate_in_SSB,CCA for FR2-2
	Configuration
	TEvaluate_out_SSB,CCA (ms)
	TEvaluate_in_SSB,CCA (ms)

	
	
	

	no DRX
	Max(200, Ceil((10 + 2  Lout)  P  N)  TSSB)
	Max(100, Ceil((5 +Lin)*P* N)*TSSB)

	DRX cycle≤320
	Max(200, 1.5*Ceil((10 + 2  Lout)   P  N )  Max(TDRX,TSSB))
	Max(100, Ceil(1.5*(5 +Lin)*P* N)*Max(TDRX,TSSB))

	DRX cycle>320
	Ceil((10 + 2  Lout)   P  N)  TDRX
	Ceil((5+Lin)*P* N)*TDRX

	NOTE 1:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.
NOTE 2:	When DRX is not configured, Lin is the number of RLM-RS SSB occasions groups which are not available at the UE during TEvaluate_in_SSB,CCA, where Lin ≤ Lin,max. A RLM-RS SSB occasions group consists of N consecutive RLM-RS SSB occasions, and the RLM-RS SSB occasions group is not available at the UE when at least one RLM-SSB occasion in the group is not transmitted by the gNB. When DRX is configured, Lin is the number of DRX cycles groups which are not available at the UE during TEvaluate_in_SSB,CCA, where Lin ≤ Lin,max. A DRX group consists of N DRX cycles, and the DRX group is not available when there is at least one DRX in which at least one RLM-RS SSB occasion is not available. The UE is not required to determine the availability of SSB occasions more frequent than once per DRX cycle length, when configured with DRX.
NOTE 3:	Lin,max=7 for Max(TDRX,TSSB) ≤ 40 assuming TDRX=0 for non-DRX case, 
	Lin,max=5 for 40<Max(TDRX,TSSB)≤320,
	Lin,max=3 for TDRX>320.
NOTE 4:   Lout is the number of number of SSB/SMTC occasions groups not available at UE.


<TP ends>
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