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1 
Introduction
In the last RAN4 meeting, NR-U RLM was extensively discussed and some agreements were achieved [1][2]. Therefore in this contribution, we provided some further discussion on the remaining issues for NR-U RLM requirements.
2 Discussion 
Same as LTE and NR, the main RLM parameters used to define NR-U RLM requirements are: 

· Out of Sync (OOS) and In Sync (IS) thresholds

· Evaluation period of DL radio signal quality for OOS and IS detections

· Control channel transmission parameters for applicability of OOS and IS detection
As agreed in last RAN4 meeting, for the SSB based RLM, the same target BLER level for NR RLM can be used for OOS and IS thresholds. Thus in this meeting we mainly focus on the evaluation period of DL radio signal quality for OOS and IS detections
	R4#98bis

Agreement: The same target BLER levels are used as a baseline for NR-U and for Rel-15 NR
Agreement: define the NR-U RLM requirements for SSB RLM resources within DRS window.


As the reference signal for SSB based RLM was within DRS window, the basic assessment interval for RLM can be a DRS window in non-DRX. Regarding to the RAN1 agreements on DRS measurement time configuration (DMTC), in RAN4 we can assume a DMTC period is same as a SMTC period[3].    
	R1#94bis Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 

· DRS-based RRM measurements are performed inside the DMTC(s)

· FFS: Similarity with Rel-15 SMTC

· CSI-RS-based measurements may be performed outside the DMTC(s)

· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)

· RLM DMTC may coincide with DRS transmission window

· CSI-RS-based RLM may be performed outside of DMTC(s)

· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different

R1#97 Agreement:
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




Observation 1:  For NR-U SSB based RLM an evaluation interval can be a SMTC period (denoted as ” Tsmtc” ) in non-DRX.  
And in NR-U as the reference signal (e.g. SSB and CSI-RS) can be subjected to LBT failure, how to treat the missed detection error due to LBT failure during RLM Oos/IS evaluation was discussed but without agreements. One simply way to handle them is to extend the legacy requirements for NR in Rel15 [3] with the additional the non-available DRS occasions. For examples, the proposed evaluation time for IS is given in the table below[2].
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However practically there are several problems brought by this method. As the most fundamental one UE may distinguish DRS missed and the deep channel fading when SINR is higher enough (e.g. 10% miss-detection at -2dB with single shot detection). The feasible way to define NR-U OOS evaluation period is to equality treat the missed DRS as the lower SINR.

Observation 2:  The missed DRS occasion duration NR-U SSB based OOS RLM evaluation can be feasibly counted as OOS because of low SINR.
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Figure 1. NR-U RLM example when missed DRS
Some concerns may be raised for such false detection (e.g. the missed DRS to low SINR ). For an example, the too long delay for UE recover from OOS. However, in our view it is rarely to be happened for such long RRC reestablishment due to such false detection. In Figure, we can present further discussion on the scenario in which the missed DRS occasions was estimated as the one sample to trigger OOS due to low SINR condition. Some of evaluation assumptions included:
1. The channel condition when Tk and Tk+1 is enough low (e.g. <-12dB) 

2. N310 = 2. Thus when the two consecutive OOS at Tk and Tk+1 were identified because of the low SINR, the OOS will be triggered after Tk+1 immediately.

Therefore, in case of sparse LBT failure (not too long cons erective LBT failure) these additional delay due to RRC reestablishment depends on the network configuration on the OOS counter (N310) and insync timer (T310). Only if the duration of consecutive missed DRS occasions is larger than the time of N310*Tdrs+T310, the extra delay for RRC reestablishment will be introduced. Otherwise these additional delay because of OOS false detection (missed DRS) can be not considered. Regarding to some typically configuration of T310 (e.g. 1000ms), the number of consecutive missed DRSs is about larger than 25 (if Tsmtc =40). From the NR-U channel access mechanism, usually the too long LBT failure is rarely happened.  
Observation 3: The impact of the missed DRS occasion being counted into OoS directly can be neglected. 
On the other hand, as a trade-off between the delay and possible missed DRS, the total evaluation delay can be scaled in some degree like the similar approach to extend the measurement delay for IS (e.g. Sf = [1.5]). Thus we can propose:

Proposal 1. The evaluation period for NR-U OOS RLM can be defined as  
Table 8.1.2.2-1: Evaluation period TEvaluate_out for FR1

	Configuration
	TEvaluate_out (ms) 

	no DRX
	[Sf] * max(200,ceil(10*P)* Tsmtc)

	DRX cycle≤320
	[Sf] *max(200,ceil(15*P)*max(TDRX, Tsmtc)

	DRX cycle>320
	ceil(10*P)*TDRX

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


Table 8.1.2.2-2: Evaluation period TEvaluate_out and TEvaluate_in for FR2

	Configuration
	TEvaluate_out (ms) 

	no DRX
	[Sf] *max(200,ceil(10*P*N)*TSSB)

	DRX cycle≤320
	[Sf] * max(200,ceil(15*P*N)*max(TDRX,TSSB))

	DRX cycle>320
	[Sf] * ceil(10*P*N)*TDRX

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


On the other hand, as agreed in RAN1 within a DRS window there is only DRS alone. That is the unicast data can be transited outside of DRS. How to justify the serving cell’s quality outside of DRS shall be problematic. For an example, for Cat 2 LBT, the channel occupancy time (CoT) is up to 1ms only, in which there is no data traffic. The following data traffic condition may be independent on these DRS. Thus we believe that the other mechanism for RLM beside the SSB within a SSB shall be necessary.

Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device

	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms

Cat4 with any channel access priority class value can be used 

	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data

	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


Observation 4:  In NR-U the RLM based on the reference signals outside DRS is desirable (e.g. CSI-RS based RLM). For RAN4, the requirements for CSI-RS based RLM shall be specified up to RAN1’s further agreements.
3 Conclusion
In this contribution, the overview of RLM requirements impacts in NR-U is provided and the following observations and proposals can be drawn: 
Observation 1:  For NR-U SSB based RLM an evaluation interval can be a SMTC period (denoted as ” Tsmtc” ) in non-DRX.  
Observation 2:  The missed DRS occasion duration NR-U SSB based OOS RLM evaluation can be feasibly counted as OOS because of low SINR.
Observation 3: The impact of the missed DRS occasion being counted into OoS directly can be neglected. 
Proposal 1. The evaluation period for NR-U OOS RLM can be defined as  

Table 8.1.2.2-1: Evaluation period TEvaluate_out for FR1

	Configuration
	TEvaluate_out (ms) 

	no DRX
	[Sf] * max(200,ceil(10*P)* Tsmtc)

	DRX cycle≤320
	[Sf] *max(200,ceil(15*P)*max(TDRX, Tsmtc)

	DRX cycle>320
	ceil(10*P)*TDRX

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


Table 8.1.2.2-2: Evaluation period TEvaluate_out and TEvaluate_in for FR2

	Configuration
	TEvaluate_out (ms) 

	no DRX
	[Sf] *max(200,ceil(10*P*N)*TSSB)

	DRX cycle≤320
	[Sf] * max(200,ceil(15*P*N)*max(TDRX,TSSB))

	DRX cycle>320
	[Sf] * ceil(10*P*N)*TDRX

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


Observation 4:  In NR-U the RLM based on the reference signals outside DRS is desirable (e.g. CSI-RS based RLM). For RAN4, the requirements for CSI-RS based RLM shall be specified up to RAN1’s further agreements.
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