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1 Introduction
In this contribution, we are discussing remaining open details with SSB based RLM.
2 Discussion
2.1 Definition of RLM-RS resources
RAN1 has defined RLM-RS resource in TS 38.21 3 as follows:

A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. 
· Proposal 1: In Section 3.1 (Definitions) of 38.133, define the RLM-RS resource based on the RAN1 definition above, e.g., as: A resource out of the set of resources configured for RLM by higher layer parameter RLM-RS-List [2] as defined in TS 38.213 [3].
2.2 RLM in SA NR

To support non-SA NR, the current RLM requirements in TS 38.133 are specified for PSCell only.

To specify RLM for SA NR, the applicability of the existing requirements needs to be extended also for PCell.

· Proposal 2: Clarify in TS 38.133 that the existing requirements also apply for PCell.
2.3 Maximum number of configured RLM-RS resources
In RAN1#91, it has been agreed the following regarding the maximum number of configured RLM-RS resources:

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.

Agreements:

· For value of X:

· For below 3GHz:  X = 2

· For above 3GHz and below 6GHz: X = 4

· For above 6GHz: X = [8]

Based on the above agreement, the maximum number of configured RLM-RS resources in 38.133, which is currently TBD, needs also to be clarified.

· Proposal 3: The maximum number of RLM-RS resources is clarified in a table format in T S 38.133 as follows:
	Carrier frequency range
	Number of RLM-RS resources

	FR1, ≤ 3 GHz
	2

	FR1, > 3 GHz
	4

	FR2
	[8]


2.4 RLM-RS within the active DL BW part
In RAN1#91, it has been agreed that:

Agreements:

· UE is not required to perform RLM measurements outside the active DL BWP

The agreement was also captured in the LS [3] from RAN1.
Unlike the current text in 38.133, the above RAN1 agreement does not preclude configuring RLM-RS outside the active DL BWP. It is just that the UE is not required to perform RLM outside of its active DL BWP. Therefore, the text in 38.133 needs further clarification, to align with the RAN1 agreement.

· Proposal 4: Clarify that the UE is not required to perform RLM measurements outside the active DL BWP.

2.5 Evaluation period for RLM-RSs in FR2

In RAN4#85, the out-of-sync and in-sync evaluation periods for RLM in FR1 were agreed and captured in TS 38.133 as below:

Table 8.1.2.2-1: Evaluation period TEvaluate_out and TEvaluate_in for FR1

	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	non-DRX
	[10]*max(20,TSSB)
	[5]*max(20, TSSB)

	DRX
	[10]*max(20,TDRX,TSSB)
	[5]*max(20,TDRX,TSSB)

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


However, the evaluation periods for FR2 currently are still TBD. 

For RLM, the UE needs to measure a limited number of SSBs on a serving cell only, unlike for RRM measurements where the UE needs to select best beams of neighbor cells which may appear in diverse directions, so we believe the same RLM evaluation periods can be used for FR1 and FR2, without being impacted by RRM measurements. UE monitors the link quality for PSCell (in SA and NSA NR) and PCell (in SA NR), each transmitting the RLM-RS resources configured for the UE by higher layers. For SSB based RLM, the RLM-RS resources (which are SSBs) are transmitted in TDM within a cell. Hence, even the UE uses different rx beams to receive different SSBs of the same cell and does this by beam sweeping (for UE not capable of digital beamforming), the UE can still sweep the beams in time within the same evaluation period as was defined for FR1. This is under the assumption that the UE cannot sweep the beams for receiving signals from another cell when it is receiving an SSB from a serving cell for the RLM purpose, which is, however, may not be an issue since there are other at least 56 SSBs during which the UE is not performing RLM and may sweep the beams to receive from the serving cells as illustrated in Figure 1 below.
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Figure 1. SSBs used for RLM in the serving cell (blue) vs. the remaining SSBs (white) which time can be used for beam sweeping to receive signals from other cells.
· Proposal 5: The same evaluation periods for RLM in FR2 and FR1, for both in-sync and out-of-sync.
2.6 RLM requirements with mixed types of RLM-RS resources

Until now, only requirements for RLM based on SSBs have been specified, while the requirements for CSI-RS based RLM and for RLM based on different types of RLM-RSs are missing.
The procedure is the same disregard of the RLM-RS type, while each of the in-sync and out-of-sync evaluation periods may be different depending on the RLM-RS type but also on RLM-RS configuration (e.g., two CSI-RS RLM resources may have different periodicity which means a longer evaluation period is necessary for the longer CSI-RS periodicity even if the RLM-RS resource type is the same). So, there are two options for defining the evaluation period for the mixed case:

· Option 1: to simplify UE implementation define the same-length evaluation period for all RLM-RS resources, e.g., based on the longest among the individual RLM-RS resources.

· Option 2: allow for different evaluation periods for different RLM-RS resources (there is still one indication interval though) and for each RLM-RS resource type refer to the corresponding section 8.1.2 or 8.1.3, depending on the RL-RS resource type.
Also, the RLM-RS periodicity is even more likely to be different with different types of RLM-RSs, hence the indication interval shall be determined by the shortest periodicity.
· Proposal 6: New section (8.1.6) is introduced for RLM based on different types of RLM-RS resources.
· Proposal 7: For the evaluation period, choose between the two options (Option 1 is preferred):
· Option 1: to simplify UE implementation define the same-length evaluation period for all RLM-RS resources, e.g., based on the longest among the individual RLM-RS resources.

· Option 2: allow for different evaluation periods for different RLM-RS resources (there is still one indication interval though) and for each RLM-RS resource type refer to the corresponding section 8.1.2 or 8.1.3, depending on the RL-RS resource type.
· Proposal 8: The indication interval is determined by the shortest periodicity of the RLM-RS resources, i.e., the indication is made possible as soon as there is something to indicate for at least one of the RLM-RS resources (no indication if nothing to indicate for other RLM-RS resources).
3 Summary
· Proposal 1: In Section 3.1 (Definitions) of 38.133, define the RLM-RS resource based on the RAN1 definition above, e.g., as: A resource out of the set of resources configured for RLM by higher layer parameter RLM-RS-List [2] as defined in TS 38.213 [3].
· Proposal 2: Clarify in TS 38.133 that the existing requirements also apply for PCell.
· Proposal 3: The maximum number of RLM-RS resources is clarified in a table format in T S 38.133 as follows:
	Carrier frequency range
	Number of RLM-RS resources

	FR1, ≤ 3 GHz
	2

	FR1, > 3 GHz
	4

	FR2
	[8]


· Proposal 4: Clarify that the UE is not required to perform RLM measurements outside the active DL BWP.

· Proposal 5: The same evaluation periods for RLM in FR2 and FR1, for both in-sync and out-of-sync.

· Proposal 6: New section (8.1.6) is introduced for RLM based on different types of RLM-RS resources.

· Proposal 7: For the evaluation period, choose between the two options (Option 1 is preferred):

· Option 1: to simplify UE implementation define the same-length evaluation period for all RLM-RS resources, e.g., based on the longest among the individual RLM-RS resources.

· Option 2: allow for different evaluation periods for different RLM-RS resources (there is still one indication interval though) and for each RLM-RS resource type refer to the corresponding section 8.1.2 or 8.1.3, depending on the RL-RS resource type.
· Proposal 8: The indication interval is determined by the shortest periodicity of the RLM-RS resources, i.e., the indication is made possible as soon as there is something to indicate for at least one of the RLM-RS resources (no indication if nothing to indicate for other RLM-RS resources).
Based on the proposals above, a draft CR is provided in [2].
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