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1	Introduction
[bookmark: _GoBack]In this contribution, we discuss the remaining details for radio link monitoring.
[bookmark: _Ref178064866]2	Discussion
2.1	RLM and intra-cell mobility 
In [3], the maximum number of RLM-RSs that can be configured for RLM are stated and summarized in Table 1, together with the maximum number of SSBs per cell (L).
	Carrier frequency (f)
	Maximum number 
of SSBs per cell (L)
	Maximum number 
of RLM-RSs (X)

	f ≤ 3GHz
	4
	2

	3GHz < f ≤ 6GHz
	8
	4

	f > 6GHz
	64
	8


[bookmark: _Ref506453044]Table 1: Maximum number of SSBs for different carrier frequencies.
From Table 1, it is clear that the number of RLM-RSs may be smaller than the number of SSB beams possibly providing cell coverage. In Figure 1 this is illustrated for the case of L=8 and X=4 (i.e. for frequencies between 3GHz and 6GHz). Then, if the UE moves within the coverage of that cell, the beams to be used for RLM may need to be re-configured, otherwise the UE would possibly start generating OOS events (and possibly declare RLF) even though the UE is still under cell coverage. Since the NW has means to track the UE within the whole coverage area of the cell on L1/L2, the UE may experience quite high data rates.
 [image: ]
[bookmark: _Ref513711816]Figure 1: Scenario for frequencies between 3GHz and 6GHz where L=8 and X=4
Without any action on the NW side, the UE may then declare RLF, which is clearly undesirable. Since the current agreements state that the RLM-RS are configured using RRC, this would mean that RRC would need to be involved to handle the UE mobility within the cell. This is also undesirable, and it even contradicts RAN2 assumptions on mobility.
[bookmark: _Toc506469854][bookmark: _Toc510813805][bookmark: _Toc513711667]Due to the relatively small number of RLM-RSs, intra-cell mobility may require RRC involvement to avoid RLF, which contradicts RAN2 assumptions.
To solve this issue, we propose to rely on MAC CE activation of RLM-RS resources, similar to how TCI states are activated in beam management. The UE would only be required to perform RLM on RLM-RS resources, which have been activated by MAC CE. The NW would then configure the UE with a larger number of RLM-RS resources, but then only activate X out of these RLM-RSs. We thus have the following three proposals:
[bookmark: _Toc506470603][bookmark: _Toc510813812][bookmark: _Toc513711669]Introduce the possibility to activate RLM-RS resources using MAC CE.
[bookmark: _Toc506470604][bookmark: _Toc510813813][bookmark: _Toc513711670]The UE is only required to monitor up to X activated RLM-RS resources.
[bookmark: _Toc506470605][bookmark: _Toc510813814][bookmark: _Toc513711671]Increase the maximum number of configured RLM-RS resources to be equal to the maximum number of SS/PBCH blocks per cell.
Before any RLM-RSs have been activated by MAC CE, the UE is not required to perform RLM. 
We note that when no RLM RSs are defined, the UE will perform RLM based on the RS in the activated TCI state for PDCCH. If that RS does not have full cell coverage, it would have to be changed as the UE moves in the cell. Since the UE monitors only one RS in this case, relatively frequent updates would be required. Hence, frequent MAC CE activations would be the result of using the default behaviour.  In contrast, activating multiple RLM RS at the same time would minimize the configurations necessary.
2.2	RLM without explicit RLM RS configuration
RAN2 has progressed the work on radio link monitoring, and important agreements are captured in the LS [1]:
 Agreements

1	Introduce one list of RSs and indicate for each whether it is used for beam- and/or cell-RLM. 

1a	If no RSs are provided for Beam-Monitoring, the UE performs Beam-Monitoring based on the TCI-State for PDCCH (as agreed by RAN1)

2	If no RSs are provided in this list at all (neither for Cell- nor for Beam-RLM), the UE performs Cell-RLM based on TCI-State of PDCCH

In the agreement, RAN2 states that if no RSs are provided for the purpose of radio link monitoring, the UE performs RLM based on the activated TCI state(s) of the CORESET(s) associated with the search spaces the UE monitors. This issue was discussed also in RAN1 #92bis:
Agreements:
· Further clarification of RAN2 agreement (will require additional physical layer text proposals):
· Working assumption: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM
· FFS on the UE behavior when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking

Here we propose to confirm the working assumption on CSI-RS for tracking:
[bookmark: _Ref513711512][bookmark: _Toc513711672]Confirm WA on RLM based on CSI-RS for tracking: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM
The issue that one TCI state may contain two RSs was also discussed in RAN1 #92bis. Two RSs are present in FR2, where one of the RSs is typically used with QCL Type D, although the standard does not mandate that one of the RSs is associated with QCL Type. 
[bookmark: _Toc513711668]The standard does not mandate that a TCI state for FR2 includes an RS associated with QCL Type D.
Since QCL Type D is not mandatory, the safest solution would be to require that the UE would monitor the RSs in the TCI state independently. However, that is considered a corner case: in practice, the network would configure an RS with a QCL type D association. In case the network for some reason chooses not to configure QCL Type D, the UE would not perform RLM. Hence, we propose:
[bookmark: _Ref513711528][bookmark: _Toc513711673]When a TCI state contains two RSs, the UE would use the RS associated with QCL Type D as RLM-RS.
We note that the UE may assume that the RLM-RS uses the same antenna port as the hypothetical PDCCH, as re-confirmed in RAN1 #91: 
Conclusion:
· RAN1 re-confirms “UE assumes same antenna port between hypothetical PDCCH and RLM-RS”

As usual, the UE may use any received signal it likes when performing RLM, but the conclusion from RAN1 #91 clarifies the antenna port assumptions.
We note that the following on TCI state configurations:
· Aperiodic CSI-RS can be used as a QCL source for PDCCH DMRS
· The network is not mandated to configure any QCL Type D assumption in a TCI state
For these cases, we propose that the UE will not perform RLM:
[bookmark: _Ref513711532][bookmark: _Toc513711674]For FR2, when neither of the RSs in the activated TCI state has a QCL Type D association, the UE will not perform RLM
[bookmark: _Ref513711534][bookmark: _Toc513711675]When the RLM-RS selected from the TCI state is an aperiodic CSI-RS, the UE will not perform RLM.
A text proposal is given in section 3.1.
2.3	Align CSI-RS parameters between 38.213 and 38.331
Currently, the text in 38.213 provides the following description of the CSI-RS resource:
For a CSI-RS resource configuration, the higher layer parameters csi-IM-ResourceElementPattern, csi-IM-ResourceElementPattern, csi-IM-ResourceId, periodicityAndOffset, freqBand, and powerControlOffsetSS are not applicable and a a UE expects to be provided only 'No CDM' from higher layer parameter cdm-Type, only '1' and '3' from higher layer parameter density, and only '1 port' from higher layer parameter nrofPorts [6, TS 38.214].  

As RLM is performed on a NZP-CSI-RS resource, the parameters that actually exist are provided in 38.331:
-- ASN1START
-- TAG-NZP-CSI-RS-RESOURCE-START
NZP-CSI-RS-Resource ::=		SEQUENCE {
	nzp-CSI-RS-ResourceId				NZP-CSI-RS-ResourceId,

	-- OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource	
	resourceMapping							CSI-RS-ResourceMapping,
	-- Power offset of NZP CSI-RS RE to PDSCH RE. Value in dB. Corresponds to L1 parameter Pc (see 38.214, sections 5.2.2.3.1 and 4.1)
	powerControlOffset						INTEGER(-8..15),
	-- Power offset of NZP CSI-RS RE to SS RE. Value in dB. Corresponds to L1 parameter 'Pc_SS' (see 38.214, section 5.2.2.3.1)
	powerControlOffsetSS					ENUMERATED{db-3, db0, db3, db6}								OPTIONAL,	
	-- Scrambling ID (see 38.214, section 5.2.2.3.1)
	scramblingID							ScramblingId,

	-- Periodicity and slot offset sl1 corresponds to a periodicity of 1 slot, sl2 to a periodicity of two slots, and so on. 
	-- The corresponding offset is also given in number of slots. Corresponds to L1 parameter 'CSI-RS-timeConfig' (see 38.214, section 5.2.2.3.1)
	periodicityAndOffset					CSI-ResourcePeriodicityAndOffset							OPTIONAL, --Cond PeriodicOrSemiPersistent

	-- For a target periodic CSI-RS, contains a reference to one TCI-State in TCI-States for providing the QCL source and 
	-- QCL type. For periodic CSI-RS, the source can be SSB or another periodic-CSI-RS.
	-- Corresponds to L1 parameter 'QCL-Info-PeriodicCSI-RS' (see 38.214, section 5.2.2.3.1)
	qcl-InfoPeriodicCSI-RS						TCI-StateId												OPTIONAL, --Cond Periodic
	...
}

-- TAG-NZP-CSI-RS-RESOURCE-STOP
-- ASN1STOP

As is clear from 38.331, csi-IM-ResourceElementPattern, csi-IM-ResourceElementPattern, csi-IM-ResourceId are not parameters that define a NZP-CSI-RS resource: they define CSI-IM resources. The parameters periodicityAndOffset and freqBand are indeed applicable: they define the periodicity/offset and frequency allocation of the CSI-RS. These parameters can be removed from the paragraph in 38.213:
[bookmark: _Ref513197690][bookmark: _Toc513711676]Remove csi-IM-ResourceElementPattern, csi-IM-ResourceElementPattern, csi-IM-ResourceId, periodicityAndOffset and freqBand from the list of ‘not applicable parameters’ from section 5 in 38.213.
A text proposal is given in section 3.2.
2.4	RLM based on CSI-RS during C-DRX
Radio link monitoring in C-DRX is described in [3]:
Extract from 38.213, section 5:
In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality, evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qout and Qin). The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and the DRX period.

In DRX, the UE is not required to provide indications more often than once during every DRX period. This relaxation has been introduced so that the UE can switch off parts of its hardware outside the ON durations in DRX. 
The UE may be configured to use CSI-RS to perform RLM. As all CSI-RSs are UE-specifically configured, the NW activates them when they are needed. For RLM, it is thus sufficient if the NW transmits the CSI-RS when the UE is assessing the radio link quality. For DRX, this would mean during the ON periods. Clearly, by turning off the CSI-RS when it is not needed would reduce resource consumption in the NW. Hence. We propose
[bookmark: _Toc506470608][bookmark: _Toc510813817][bookmark: _Toc513711677]A UE in DRX may NOT assume that a CSI-RS resource used for radio link monitoring is present outside the active time.
2.5	No relation between RLF and BFD
There has been an ongoing discussion about the relation between RLM/RLF and beam failure detection/beam recovery. This was also discussed in [1]. 
RLF and beam failure is discussed also in RAN2. During the discussion at RAN2 #101bis, the following was agreed: [2]
Agreements:
1:	No aperiodic indication of a successful beam recovery will be reported to RRC.
2:	BFR failure will result in a RACH failure reported to RRC and will trigger RRC to perform either re-establishment or SCG failure. This is already the behaviour according to the current MAC and RRC specs (nothing extra to specify)

Clearly, RAN2 has agreed that there will be no aperiodic indications as a result of successful beam recovery. RAN2 also notes that re-establishment or SCG failure when the RACH procedure fails, and that no extra specification will be necessary.
Since any relation between RLM/RLF and beam failure detection/beam recovery need to be included in a RAN2 specification, it does no seem fruitful to introduce any interaction in RAN1. Hence, we propose
[bookmark: _Toc513711678]Do not introduce any additional interaction between RLM/RLF and beam failure detection/beam recovery considering the recent RAN2 agreement. 
[bookmark: _Ref189046994]3	Text Proposal
3.1	Text proposals resulting from Proposal 4, Proposal 5, Proposal 6, and Proposal 7



Table 5-1:  and  as a function of maximum number  of SS/PBCH blocks per half frame
	

	

	


	4
	2
	2

	8
	6
	4

	64
	8
	8



>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
[bookmark: _Hlk510613876]If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the failureDetectionResources to include the RSs and/or RS sets in the activated TCI states for respective control resource sets that the UE is configured for monitoring PDCCH. If any of the indicated TCI states include two RSs, the UE includes only the RS with associated QCL Type D. If a CSI-RS resource set with trs-Info=’true’ is included among the failureDetectionResources, the UE may use any of the CSI-RS resources in the CSI-RS resource set. If failureDetectionResources includes no periodic RSs, the UE will not perform radio link monitoring.
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>
3.2	Text proposal resulting from Proposal 8
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
For a CSI-RS resource configuration, the higher layer parameters csi-IM-ResourceElementPattern, csi-IM-ResourceElementPattern, csi-IM-ResourceId, periodicityAndOffset, freqBand, and powerControlOffsetSS is are not applicable and a UE expects to be provided only 'No CDM' from higher layer parameter cdm-Type, only '1' and '3' from higher layer parameter density, and only '1 port' from higher layer parameter nrofPorts [6, TS 38.214].  
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>

Conclusion
In the previous sections we made the following observations: 
Observation 1	Due to the relatively small number of RLM-RSs, intra-cell mobility may require RRC involvement to avoid RLF, which contradicts RAN2 assumptions.
Observation 2	The standard does not mandate that a TCI state for FR2 includes an RS associated with QCL Type D.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce the possibility to activate RLM-RS resources using MAC CE.
Proposal 2	The UE is only required to monitor up to X activated RLM-RS resources.
Proposal 3	Increase the maximum number of configured RLM-RS resources to be equal to the maximum number of SS/PBCH blocks per cell.
Proposal 4	Confirm WA on RLM based on CSI-RS for tracking: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM
Proposal 5	When a TCI state contains two RSs, the UE would use the RS associated with QCL Type D as RLM-RS.
Proposal 6	For FR2, when neither of the RSs in the activated TCI state has a QCL Type D association, the UE will not perform RLM
Proposal 7	When the RLM-RS selected from the TCI state is an aperiodic CSI-RS, the UE will not perform RLM.
Proposal 8	Remove csi-IM-ResourceElementPattern, csi-IM-ResourceElementPattern, csi-IM-ResourceId, periodicityAndOffset and freqBand from the list of ‘not applicable parameters’ from section 5 in 38.213.
Proposal 9	A UE in DRX may NOT assume that a CSI-RS resource used for radio link monitoring is present outside the active time.
Proposal 10	Do not introduce any additional interaction between RLM/RLF and beam failure detection/beam recovery considering the recent RAN2 agreement.
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Carrier frequency  (f)  Maximum number    of SSBs  per cell  (L)  Maximum number    of   RLM - RSs (X)  

f  =  3GHz  4  2  

3GHz < f  =  6GHz  8  4  

f   > 6GHz  64  8  
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