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1	Introduction
RAN4 has agreed in [1]to specify new requirements for radio link monitoring (RLM) for PSCells or PCells in unlicensed spectrum, since the regularity of transmissions of RLM-RS cannot be guaranteed in carriers performing clear channel assessment (CCA). Therefore, some enhancements have been proposed in RAN 1 to account for the irregularity of RLM-RS transmissions due to LBT failure. The following agreements related to RLM were made in RAN1 #95,  #96 and #97:

	Agreement:​
·  For RLM, the following recommendations are considered beneficial for further design in the WI:
○ Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS
· Transmission of the RS in a COT may be subject to LBT

○ Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations
· For example, determining which RLM-RS within or outside the DMTC for RLM can be utilized for in-sync and out-of-sync evaluations

· Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is to be further studied.



	Agreement RAN1#96:​
· The maximum DRS transmission window duration is 5 ms.​
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.​
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.​
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.​
Agreement:​
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations. 
. FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window 
. FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations. 
. FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window. 
· FFS: Mechanism to handle missing RLM-RS due to LBT failure 




	Agreement RAN1#97: 
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 



And RAN4 has agreed on the following: 
	Way forward in RAN4 #92:
· The same target BLER levels are used as a baseline for NR-U and for Rel-15 NR
· Define the NR-U RLM requirements for SSB RLM resources within DRS window
· RAN4 does not work on RLM requirements for any new RLM metric, unless RAN1 decides to define such
· In-sync evaluation period:
	Configuration
	TEvaluate_in_SSB (ms) 

	
	

	no DRX
	max(100,ceil((5+ Lin)*P)*TSSB)

	DRX cycle≤320
	max(100,ceil((7.5+Lin)*P)*max(TDRX,TSSB))

	DRX cycle>320
	 ceil((5+ Lin)*P)* TSSB

	NOTE 1:	T TSSB is the periodicity of SSB RLM-RS configured for RLM. TDRX is the DRX cycle length.


· Maximum value of Lin is TBD




In this contribution we discuss the maximum values of Lin, the requirements for out-of-sync evaluations as well as the maximum extension of the evaluation period for out-of-sync (OOS) indications.
[bookmark: _Hlk7682270]2	In-sync evaluation period
In RAN1 #98 there were no agreements related to RLM in NR-U. Therefore, in this contribution, we address only the SSB RLM resources within the DRS window, as agreed in [2].
In RAN4#92, it was agreed to extend the evaluation period for in-sync (IS), taking into account the number of DMTC occasions where the DRS is available at the UE. In unlicensed bands, RAN1 has agreed that there are multiple candidate SSB occasions within the DRS transmission window, which might cause confusion of the actual periodicity of the SSB.  
To avoid that confusion and ensure compatibility of this agreement for SSB RLM-RS and the other agreements for BFD, and CBD, it is proposed that the same is adopted for SSB based RLM-RS. Additionally, the last line of the table considered the TSSB for DRX cycle > 320, instead of TDRX. Another important update is the scaling factor for DRX cycles ≤320 ms. In NR, it was introduced to target the case in which the DRX cycle might not coincide with the SSB periodicity. Since the evaluation time was fixed for given SSB periodicity and DRX cycle in NR, it made sense to replace 1.5*5 for 7.5 in the evaluation time. However, in NR-U, the evaluation period will increase depending on Lin, therefore, we believe that (7.5 + Lin) should be replaced by 1.5*(5+Lin), similarly to what is defined for intra-frequency measurements.
In NR-U, the in-sync evaluation time will depend on the number of L-in samples not available at the UE. The current agreement does not scale the extended evaluation time by the factor of 1.5.
Update the agreement for in-sync evaluation period from RAN4#92, defining the evaluation period in terms of the periodicity of the DRS configured for RLM (TDRS), and apply the scaling factor considering the extended period.
In last meeting, it was discussed the need to determine maximum values of Lin for in-sync evaluations. Since these requirements are related to PCell, in NR-U if too relaxed requirements are adopted, they can have negative impact on the UE connectivity and/or mobility and could lead to a drop of service in worst case. On the other hand, if too strict requirements are applied, the UE might not indicate IS due to the LBT failure during the evaluation period. It is also important to notice that, in order to miss all the SSB occasions within the DRS Tx Window, the DL LBT has to fail in multiple occasions.
Additionally, considering that Lin is scaling the measurement time either by the DRS periodicity or the DRX cycle, the same values of Lin can lead to the following maximum in-sync evaluation times in Table 1, considering different values of DRS periodicity and DRX cycles: 
[bookmark: _Ref21011271]Table 1 - Maximum In sync evaluation periods allowing for different probabilities of DRS not being available at the UE during the in-sync evaluation time
	TEvaluate_in_SSB (s) 

	No DRX 

	DRS periodicity 
	Lin = 0 
	Lin = 1
	Lin=2
	Lin = 5 
	Lin = 15 

	
	baseline 
	(≈%16 probability) 
	(≈%28 probability) 
	(50% probability) 
	(75% probability ) 

	20 ms 
	0.1 
	0.12
	0.14
	0.2 
	0.4 

	40 ms 
	0.2 
	0.24
	0.28
	0.4 
	0.8 

	80 ms 
	0.4 
	0.48
	0.56
	0.8 
	1.6 

	160 ms
	0.8
	0.96
	1.12
	1.6
	3.2

	DRX cycle= 320ms 

	20 ms, 40 ms, 80ms  
	2.4
	2.88
	3.36
	4.8 
	9.6 

	DRX cycle= 2560 ms 

	20 ms, 40 ms, 80ms  
	12.8 
	15.36
	17.92
	25.6 
	51.2 




Table 1 shows that the same value of Lin,  15 for example, can lead to a maximum evaluation time of 400 ms in the case with 20 ms DRS periodicity, and 51.2 s in the case with the longest DRX cycle. 
Selecting the same values of maximum Lin for cases with different DRX cycles can lead to very relaxed requirements in some cases, or too strict in others.
Therefore, in order to balance the probability of receiving the DRS within the evaluation period under high probability of LBT failure rate, while limiting the evaluation time, it is proposed that: 
Define distinct maximum values of Lin, considering the different combinations of DRX cycle and DRS periodicity. 
To avoid too long evaluation periods, define more strict extensions for longer DRX cycles or DRS periodicities.
Define the In-sync evaluation period as:
	Configuration
	TEvaluate_in_SSB (ms) 

	no DRX
	max(100,ceil((5+ Lin(2))*P)*TDRS)

	DRX cycle≤320
	max(100,ceil(1.5*(5+Lin(3))*P)*max(TDRX, TDRS))

	DRX cycle>320
	 ceil((5+ Lin(4))*P)* TDRX

	NOTE 1:	TSSB TDRS is the periodicity of DRS configured for RLM. TDRX is the DRX cycle length.
Note 2: The requirements apply provided that the evaluation time does not exceed max(100,ceil(([10])*P)*TDRS), for TDRS≤40ms, and max(100,ceil(([7])*P)*TDRS), otherwise.
Note 3: The requirements apply provided that the cell identification time does not exceed max(100,ceil(1.5* [10]*P)*max(TDRX, TDRS))
Note 4: The requirements apply provided that the cell identification time does not exceed ceil(([7])*P)*TDRX




2	Out-of-sync evaluation period

Despite it was agreed to extend the evaluation period for in-sync evaluations, RAN4 could not reach the same agreement for out-of-sync evaluations. It is our view that if the gNB misses the RLM-RS transmission due to failed LBT inside the DRS TX window, it must wait for the next DRS transmission opportunity. In this case, the UE cannot distinguish whether such lack of transmission is due to poor link quality or because the RLM-RS transmission is blocked by LBT; therefore, missing RLM-RS have to be taken into account for both IS and out-of-sync (OOS) evaluations. 
If the UE always reports OOS indication to higher layers due to LBT even if the channel condition is good, the inaccurate measurement result may lead to unnecessary RLF. On the other hand, if the UE always doesn’t indicate OOS when it frequently cannot detect the configured RLM-RS resources, this will result in unacceptable delays in declaring RLF. Therefore, the RLM/RLF mechanism may be impacted by the possible lack of reference signals due to LBT.
Similar to what was already defined by RAN4 for in-sync evaluation, and proposed in last RAN4 meeting[3][4], and also in RAN1 [5], we propose that:
Detected and missed RLM-RS samples within the DRS transmission window are taken into account for out-of-sync evaluations, for SSB based RLM.
In order to avoid frequent OOS indication to higher layers due to LBT failure, we propose to use the same principle defined for IS evaluations also for OOS evaluation: to extend the measurement period based on the number of occasions in which the SSB is not available at the UE. 
As in the IS evaluation period, in NR, OOS evaluation time was fixed for given SSB periodicity and DRX cycle. Therefore, in NR, it made sense to replace 1.5*10 for 15 in the evaluation time for DRX cycles ≤ 320ms. However, in NR-U, the evaluation period will increase depending on Lin, therefore, we believe that (15 + Lout) should be replaced by 1.5*(10+Lout), similarly to what is defined for intra-frequency measurements.
For SSB based RLM, extend the evaluation period as proposed for in-sync evaluations. 

	Configuration
	TEvaluate_out_SSB (ms) 

	no DRX
	max(200,ceil((10+ Lout)*P*N)*TDRS)

	DRX cycle≤320
	max(200,ceil(1.5* (10+Lout)*P*N)*max(TDRX,TDRS))

	DRX cycle>320
	 ceil((10+ Lout)*P*N)* TDRX

	NOTE 1:	 TDRS is the periodicity of DRS configured for RLM. TDRX is the DRX cycle length.




In practice, since it is the assumption that the UE cannot differentiate between the reason for not receiving the RLM-RS, either LBT failure or poor link quality, what will occur is that the UE will extend the evaluation period, whenever it cannot detect the RLM-RS. It is important, therefore, to define the maximum extension to the evaluation period, just as was agreed for in-sync evaluations, to avoid an infinite evaluation time.
Like the case for in-sync evaluations, Table 2 shows the maximum out-of-sync evaluation periods for different probabilities of the DRS not being available at the UE.

Table 3 - Maximum out-of-sync evaluation periods for different probabilities of DRS not being available at the UE
	TEvaluate_out_SSB (s) 

	No DRX 

	DRS periodicity 
	Lout = 0 
baseline
	Lout = 2
	Lout=4
	Lout = 10
	Lout = 30

	20 ms 
	0.2
	0.24
	0.28
	0.4
	0.8

	40 ms 
	0.4
	0.48
	0.56
	0.8
	1.6

	80 ms 
	0.8
	0.96
	1.12
	1.6
	3.2

	160 ms
	1.6
	1.92
	2.24
	3.2
	6.4

	DRX cycle= 320ms 

	20 ms, 40 ms, 80ms  
	4.8
	5.76
	6.72
	9.6
	19.2

	DRX cycle= 2560 ms 

	20 ms, 40 ms, 80ms  
	25.6
	30.72
	35.84
	51.20
	102.4



Define the maximum extension of the evaluation period, LOut, for out-of-sync evaluations in a similar manner as proposed to the in-sync evaluation periods, as:
	Configuration
	TEvaluate_out_SSB (ms) 

	no DRX
	max(200,ceil((10+ Lout(2))*P*N)*TDRS)

	DRX cycle≤320
	max(200,ceil(1.5* (10+Lout(3))*P*N)*max(TDRX,TDRS))

	DRX cycle>320
	 ceil((10+ Lout(4))*P*N)* TDRX

	NOTE 1:	 TDRS is the periodicity of DRS configured for RLM. TDRX is the DRX cycle length.
Note 2: The requirements apply provided that the evaluation time does not exceed max(200,ceil(([20])*P*N)*TDRS), for TDRS≤80ms, and max(200,ceil(([14])*P)*TDRS), otherwise.
Note 3: The requirements apply provided that the cell identification time does not exceed max(100,ceil(1.5* [14]*P*N)*max(TDRX, TDRS))
Note 4: The requirements apply provided that the cell identification time does not exceed ceil(([12])*P*N)*TDRX




3. Conclusions
In this document, the SSB based RLM requirements are discussed for NR-U. The following observations and proposals are made: 
1. In NR-U, the in-sync evaluation time will depend on the number of L-in samples not available at the UE. The current agreement does not scale the extended evaluation time by the factor of 1.5.
1. Update the agreement for in-sync evaluation period from RAN4#92, defining the evaluation period in terms of the periodicity of the DRS configured for RLM (TDRS), and apply the scaling factor considering the extended period.
Define distinct maximum values of Lin, considering the different combinations of DRX cycle and DRS periodicity. 
To avoid too long evaluation periods, define more strict extensions for longer DRX cycles or DRS periodicities.
Define the In-sync evaluation period as:
	Configuration
	TEvaluate_in_SSB (ms) 

	no DRX
	max(100,ceil((5+ Lin(2))*P)*TDRS)

	DRX cycle≤320
	max(100,ceil(1.5*(5+Lin(3))*P)*max(TDRX, TDRS))

	DRX cycle>320
	 ceil((5+ Lin(4))*P)* TDRX

	NOTE 1:	TSSB TDRS is the periodicity of DRS configured for RLM. TDRX is the DRX cycle length.
Note 2: The requirements apply provided that the evaluation time does not exceed max(100,ceil(([10])*P)*TDRS), for TDRS≤40ms, and max(100,ceil(([7])*P)*TDRS), otherwise.
Note 3: The requirements apply provided that the cell identification time does not exceed max(100,ceil(1.5* [10]*P)*max(TDRX, TDRS))
Note 4: The requirements apply provided that the cell identification time does not exceed ceil(([7])*P)*TDRX



Detected and missed RLM-RS samples within the DRS transmission window are taken into account for out-of-sync evaluations, for SSB based RLM.
For SSB based RLM, extend the evaluation period as proposed for in-sync evaluations. 
	Configuration
	TEvaluate_out_SSB (ms) 

	no DRX
	max(200,ceil((10+ Lout)*P*N)*TDRS)

	DRX cycle≤320
	max(200,ceil(1.5* (10+Lout)*P*N)*max(TDRX,TDRS))

	DRX cycle>320
	 ceil((10+ Lout)*P*N)* TDRX

	NOTE 1:	 TDRS is the periodicity of DRS configured for RLM. TDRX is the DRX cycle length.




Define the maximum extension of the evaluation period, LOut, for out-of-sync evaluations in a similar manner as proposed to the in-sync evaluation periods, as:
	Configuration
	TEvaluate_out_SSB (ms) 

	no DRX
	max(200,ceil((10+ Lout(2))*P*N)*TDRS)

	DRX cycle≤320
	max(200,ceil(1.5* (10+Lout(3))*P*N)*max(TDRX,TDRS))

	DRX cycle>320
	 ceil((10+ Lout(4))*P*N)* TDRX

	NOTE 1:	 TDRS is the periodicity of DRS configured for RLM. TDRX is the DRX cycle length.
Note 2: The requirements apply provided that the evaluation time does not exceed max(200,ceil(([20])*P*N)*TDRS), for TDRS≤80ms, and max(200,ceil(([14])*P)*TDRS), otherwise.
Note 3: The requirements apply provided that the cell identification time does not exceed max(100,ceil(1.5* [14]*P*N)*max(TDRX, TDRS))
Note 4: The requirements apply provided that the cell identification time does not exceed ceil(([12])*P*N)*TDRX
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