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Introduction
The function of radio link monitoring (RLM) is to monitor the downlink signal quality of the primary serving cell/TRP for the purpose of indicating out-of-sync or in-sync status to higher layers. 
NR RLM for NR was discussed in previous meetings with the following agreements [1]:
	RAN1#91
Agreements:
· NR supports different maximum number of configured RLM-RS for different frequency ranges
· No need to support RLM capability signalling regarding # of RLM-RS for any frequency range.

Working assumption:
· 2 port CSI-RS is not supported for RLM purposes

Agreement:
· NR support configurability of different RLM-RS types to UE for each RLM-RS

Agreements:
· For value of X:
· For below 3GHz:  X = 2
· For above 3GHz and below 6GHz: X = 4
· For above 6GHz: X = [8]

Agreements:
· RLM-SSB: value range is 0, 1, …, 63
· RLM-CSI-RS-timeConfig: 
· Periodicity, P: {5ms, 10ms, 20ms, 40ms}
· Slot offset: {0, …, Ps-1} slots
· Where Ps is number of slots within period P in the CSI-RS numerology
· RLM-CSI-RS-FreqBand
· Adopt the parameter values agreed in BM with following exception:
· Minimum number of PRB is 24.

Agreements:
· In Rel-15, no explicit resources are defined and indicated to the UE for Interference and noise Measurement Resource (IMR) for RLM, and it is up to UE implementation on how interference and noise measurement can be performed. 
· It is understood that the UE may perform interference measurements on any resource (excluding SS/PBCH resource) with a known signal, i.e., a known reference signal, a transmission the UE can decode, or a resource element the UE knows is empty

Conclusion:
· RLM measurement evaluation period for RLM is up to RAN4. 
· No further discussion necessary in RAN1.

Conclusion:
· RAN1 re-confirms “UE assumes same antenna port between hypothetical PDCCH and RLM-RS”

Companies are encouraged to the table in Section 2.6 & 2.7 of R1-1721377

Agreements:
· At least the following parameters CSI-RS configuration fields are not applicable to RLM-CSI-RS
· (working assumption) CDMType (cd-pattern)
· CSI-IM-RE-pattern
· CSI-IM-Resource
· CSI-IM-ResourceId
· CSI-IM-timeConfig
· CSI-IM-FreqBand
· CSI-IM-ResourceMapping
· FFS QCL-Info-CSI-RS
· The above has no RRC impact

Agreements:
· UE is not required to perform RLM measurements outside the active DL BWP
· Note: RAN4 is discussing RLM requirements and need for measurement gaps. 




As shown above, significant progress was made in RAN1#91 for RLM and most open issues were closed. This contribution continues the discussion of the remaining issues in NR RLM after RAN1#91.
Number of CSI-RS ports for RLM
In RAN1#91 [1], the WA was made not supporting 2 port CSI-RS for RLM purposes. At this moment, there seems no strong motivation to support more than 1 port.

Proposal 1: Confirm the following WA

Working assumption:
· 2 port CSI-RS is not supported for RLM purposes

Interaction of BM and RLM
One of the remaining RLM issue is how to deal with the integration of the beam management (BM) and RLM [2]. In BM, the UE makes the decision of beam failure and recovery based on the measured DL signal quality from SSS and/CSI-RS. Similarly, RLM makes the decision of In-sync (IS) and out-of-sync(OOS) also based on the measured DL signal quality from the SSS RS and/CSI-RS. Thus, although the design target of BM and RLM are not the same, the decisions made from the BM and RLM are based fundamentally on the same reference signals. In addition, due to BM and RLM has separate configurations for the RS resources, the conflicting decisions could be made in these two procedures.

Thus, how to coordinate these BM and RLM is an issue that needs to be considered carefully. 
There could be many ways to coordinate the BM and RLM procedure. Figure 1 presents some of the possible designs.
In Figure 1(a), BM and RLM make independent decisions. It is then up to UE on how to deal with the decision from the BM and RLM procedures. 
In Figure 1(b), BM makes its own decisions and the decision made in BM is also provided to RLM in RLM IS/OOS decision making. For example, assume the RLM is in OOS status, the RLM may avoid making IS decision when BM makes the decision of beam failure. Another example is that when RLM in IS status, the RLM may avoid making OOS decision when BM is in the beam recovery procedure etc.
In Figure 1(c), a decision logic is developed to process the results from BM and RLM procedures to make consistent final BM/RLM decision. The final BM/RLM decision may be feed back to the BM and RLM procedure. 
Among the three design architecture, Figure 1(a) represents the current situation in the NR specifications, Figure 1(b) may provide some enhancement for RLM decision, while Figure 1(c) could potential bring the most benefits for the system resource management.
For NR Rel-15, if our view, we should avoid using too complicated architecture to deal with the interaction between the BM and RLM. For example, we may define the impact of the BM results on the RLM as shown in the following logic table:

Table 3-1  Decision Logic for the interaction between BM and RLM
	Current RLM Status
	BM Event
	RLM Decision 

	IS
	Beam failure takes place
	IS IS

	OOS
	Beam failure takes place
	OOS OOS

	IS
	Beam recovery fails
	ISOOS

	OOS
	Beam recovery fails
	OOSOOS

	IS
	Beam recovery succeeds
	ISIS

	OOS
	Beam recovery succeeds
	OOSIS



Thus, our proposal is:
Proposal 2: For Rel-15, avoid using too complicated architecture to deal with the interaction between the BM and RLM. Either of the following options may be used to deal with the interactions between BM and RLM:

· Alt. 1: up to UE’s implementation 
· Alt. 2: define a simple logic table to handle the interaction between the BM and the RLM. 


Figure 1. Possible designs for the interactions between the BM and RLM

Conclusion
In this paper, we discussed the remaining NR RLM issues and made the following observation and proposal:
Proposal 1: Confirm the following WA

Working assumption:
· 2 port CSI-RS is not supported for RLM purposes

Proposal 2: For Rel-15, avoid using too complicated architecture to deal with the interaction between the BM and RLM. Either of the following options may be used to deal with the interactions between BM and RLM:

· Alt. 1: up to UE’s implementation 
· Alt. 2: define a simple logic table to handle the interaction between the BM and the RLM. 
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