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Introduction
In last meeting, WF on RRM requirements for NR-U [1] was agreed in RAN4, which summarized the new RRM requirements agreements relative to the RRM requirements agreements for NR-U. Due to more scenarios supported including MR-DC and Standalone of NR-U, RAN4 has agreed that RLM requirements need to be specified for NR-U PScell and PCell. 
· NR-U scenarios:
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
· NR-U SCell may have both DL and UL, or DL-only.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Scenario C: Stand-alone NR-U
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band
· Scenario E: Dual connectivity between licensed band NR and NR-U 

	Requirements
	Comments
	NR-U SCell       (Scenario A, Scenario B with CA, Scenario C with CA)
	NR-U PSCell (Scenario B Note 2)
	NR-U PCell (Scenario C Note 2)

	RLM
	Requirements for RLM, e.g., based on SSB, CSI-RS or both (details depend on agreements in other groups)
	N/A
	For PSCell;
 new requirements are needed, depending on signal availability
	For PCell: 
new requirements are needed, depending on signal availability



In this document, we discuss the requirement of RLM for NR-U.

Discussion
As background, RAN1 is still under discussion of RLM in-sync/out-of-sync evaluations and enhancements. The following agreements on RLM/RRM were made. 
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. 
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: _Hlk16755984]It is considered beneficial for the time-domain measurement windows for RRM measurements and RLM to be different.


In LTE and NR Rel-15, there are only two metrics for RLM as indications to higher layer: one is a better channel state to evaluate IS, another is a worse channel state to evaluate OOS. 
Table 1: Out-of-sync and in-sync block error rates for NR
	Configuration
	BLERout
	BLERin

	0
	10%
	2%


In NR-U, the RLM-RS may not be transmitted due to LBT failure. The transmission of RS for RLM (including SSB and CSI-RS) is subject to LBT. For this reason, if the two metrics are reused, some OOS indication may be triggered by the LBT failure. In such a case, the RLF and RRC reestablishment may be triggered when the channel state is still good enough.
Even for SSB-based RLM, RAN1 tentatively agreed UE may assume the RLM measurement window to be the same as the Discovery signal Measurement Timing Configuration (DMTC), which implies that the SSB-based RLM-RS cannot fall outside the measurement window. 
However, to ensure the performance and improve the efficiency of RLM with enough samples, the RLM-RS may be within or outside the DMTC. The actual transmitted RLM-RS should be identified for in-sync and out-of-sync evaluations. 
So whether RLM-RS transmitted outside DMTC can be utilized by UE for in-sync or out-of-sync evaluation was proposed in RAN1. And through several meetings, no consensus has yet been achieved. Actually, in unlicensed carriers RLM-RS transmissions outside DMTC would reduce medium access opportunities for other nodes. However, it could also be helpful to fast link recovery for UEs not being able to detect RLM-RS transmissions from network, which at least can be used to assist the evaluation of in-sync. 
[bookmark: _Toc16717963][bookmark: _Toc16759044]Observatoin1: RAN4 should first evaluate whether RLM-RS transmitted outside DMTC can be utilized by UE for in-sync or out-of-sync evaluation.
[bookmark: _Toc16759045]Proposal 1: RLM-RS transmitted outside DMTC at least can be utilized by UE for in-sync evaluation.
In our view, perhaps two potential options are provided for RAN1/4 to enhance the performance of NR-U: 
1> additional RLM signals outside DMTC used for IS/OOS evaluation, which could be decided by RAN1
2> relaxed or additional evaluation duration based on NR RLM, which could be decided by RAN4

Table 8.1.2.2-1: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1
	[bookmark: _Hlk513850563]Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	max(200,ceil(10*P)*TSSB)
	max(100,ceil(5*P)*TSSB)

	DRX cycle≤320
	max(200,ceil(15*P)*max(TDRX,TSSB))
	max(100,ceil(7.5*P)*max(TDRX,TSSB))

	DRX cycle>320
	ceil(10*P)*TDRX
	ceil(5*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_SSB and TEvaluate_in_SSB for FR2
	[bookmark: _Hlk513850590]Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	max(200,ceil(10*P*N)*TSSB)
	max(100,ceil(5*P*N)*TSSB)

	DRX cycle≤320
	max(200,ceil(15*P*N)*max(TDRX,TSSB))
	max(100,ceil(7.5*P*N)*max(TDRX,TSSB))

	DRX cycle>320
	ceil(10*P*N)*TDRX
	ceil(5*P*N)*TDRX

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



Table 8.1.3.2-1: Evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for FR1
	Configuration
	TEvaluate_out_CSI-RS (ms) 
	TEvaluate_in_CSI-RS (ms) 

	no DRX
	max(200, ceil(Mout×P)×TCSI-RS)
	max(100, ceil(Min×P) × TCSI-RS)

	DRX ≤ 320ms
	max(200, ceil(1.5×Mout×P)× max(TDRX, TCSI-RS))
	max(100, ceil(1.5×Min×P)× max(TDRX, TCSI-RS))

	DRX > 320ms
	ceil(Mout×P) × TDRX
	ceil(Min×P) × TDRX

	NOTE:	TCSI-RS is the periodicity of CSI-RS resource configured for RLM. The requirements in this table apply for TCSI-RS equal to 5 ms, 10ms, 20 ms or 40 ms. TDRX is the DRX cycle length.



Table 8.1.3.2-2: Evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for FR2
	Configuration
	TEvaluate_out_CSI-RS (ms) 
	TEvaluate_in_CSI-RS (ms) 

	no DRX
	max(200, ceil(Mout×P×N)×TCSI-RS)
	max(100, ceil(Min×P×N) × TCSI-RS)

	DRX ≤ 320ms
	max(200, ceil(1.5×Mout×P×N)× max(TDRX, TCSI-RS))
	max(100, ceil(1.5×Min×P×N)× max(TDRX, TCSI-RS))

	DRX > 320ms
	ceil(Mout×P×N) × TDRX
	ceil(Min×P×N) × TDRX

	NOTE:	TCSI-RS is the periodicity of CSI-RS resource configured for RLM. The requirements in this table apply for TCSI-RS equal to 5 ms, 10 ms, 20 ms or 40 ms. TDRX is the DRX cycle length.




From RAN4’s perspective, as shown in Table 8.1.2.2-1/2 and 8.1.3.2-1/2 for SSB and CSI-RS based RLM, longer evaluation period has be expected for TEvaluate_out_SSB than that of TEvaluate_in_SSB, which is applicable to NR FR1 and FR2. In similar way, the relaxed or additional evaluation period can be configured to better monitor RLM signals for NR-U, which can reuse Rel-15 RLM metric as much as possible
[bookmark: _Toc16717964][bookmark: _Toc16759046]Proposal 2: RAN4 consider the feasibility of reusing Rel-15 RLM metric and if any enhancement is needed. 
Furthermore, new RLM requirement are needed depending on signal availability. If UE can accurately identify the instances of unsuccessful or successful RLM-RS transmission, only the RLM-RS successfully transmitted by a gNB can be included in the measurement samples. In this case, Rel-15 RLM metric can be reused as much as possible. UE should determine whether a RLM-RS instance is used for IS/OOS evaluation by explicit signaling or implicit determination. A new signal indicator could needed for NR-U RLM to enhance the efficiency of evaluation RLM-RS for NR-U with opportunistic transmission.
[bookmark: _Toc16717965][bookmark: _Toc16759047]Proposal 3: Signal indicator to identify the instances of unsuccessful or successful RLM-RS transmission could be specified for NR-U RLM to enhance the efficiency of evaluation RLM-RS.
Figure 1 shows an example of measurement in NR-U with opportunistic transmission. When DL LBT succeeds, it is informed to UE by gNB. Within the following COT of gNB, the configured RLM-RS for measurement is detected and measured by UE as effective measurement results. 


Figure 1 Measurement in NR-U with opportunistic transmission
RAN4 recognized that whether/how to report a new metric of RLM to higher layers in NR-U is still under discussion in RAN4. From our side, Rel-15 RLM metric or a new defined metric can be used for potential metric for RLM in NR-U. 
RAN1 has agreed that a new metric can be potentially defined to identify instances of unsuccessful detection of RLM-RS. This could be another way to handle the false-alarm issue which is triggered by the LBT failure. With a new metric, an UE can differentiate the cases whether the channel is good (IS), the channel is not good (OOS) and the channel state is unknown (unknown state). With these information, more radio link states can be differentiated, and it is helpful to reduce the false-alarm in RLF. 
Furthermore, considering the new metric for RLM, some related issues shall be discussed as well, such as the relationship between different metrics, how to handle the unknown state, the generation of cell level indications based on beam level evaluations and how to estimate RLF in new assumptions.
Table 2: New metric of Out-of-sync and in-sync block error rates for NR-U
	Configuration
	BLERin
	BLERout
	[BLER unknown   ]

	0
	2%
	10%
	[TBD]


[bookmark: _Toc16717966][bookmark: _Toc16759048]Proposal 4: New metric for RLM shall not be precluded in RAN4 in order to reduce the false-alarm in RLM/RLF.
[bookmark: _GoBack]
Conclusion
In this contribution, we propose our view as followings:
Observatoin1: RAN4 should first evaluate whether RLM-RS transmitted outside DMTC can be utilized by UE for in-sync or out-of-sync evaluation.
Proposal 1: RLM-RS transmitted outside DMTC at least can be utilized by UE for in-sync evaluation.
Proposal 2: RAN4 consider the feasibility of reusing Rel-15 RLM metric and if any enhancement is needed.
Proposal 3: Signal indicator to identify the instances of unsuccessful or successful RLM-RS transmission could be specified for NR-U RLM to enhance the efficiency of evaluation RLM-RS.
Proposal 4: New metric for RLM shall not be precluded in RAN4 in order to reduce the false-alarm in RLM/RLF.
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