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1. Introduction

In this contribution, we will provide our analysis on some remaining issues for SSB based RLM requirements in NR.
2. Discussion
2.1. RLM-SSB overlapping with measurement gap
In last RAN4 meeting, a way forward on UE measurement gap for NR [1] was agreed and the following scenarios are considered for gap sharing.

	· All the UE activities for consideration (all the activities are SSB based)

1) RLM

2) Measurement type A: Intra-frequency measurement w/o MG and w/o interruption

· For FR1, no mixed numerologies is assumed for this measurement type

· For FR2, this measurement type is not applicable 

3) Measurement type B: intra-frequency measurement with interruption

· For FR1, mixed numerologies is assumed for this measurement type

· For FR2, Rx beam sweeping is assumed for this measurement type

4) Measurement type C: intra-frequency measurement with MG

· E.g. Intra-frequency measurement outside active BWP

5) Measurement type D: inter-frequency measurement  and inter-RAT measurement

6) All the scenarios for consideration

· Fully overlapped scenarios:

· Scenario 1a: Fully overlapped between MG and SMTC in type A

· Scenario 1b:  Fully overlapped between MG and SMTC in type B

· Scenario 1c: Fully overlapped between MG and RLM

· Partial overlapped scenarios:

· Scenario 2a: Partial overlapped between MG and SMTC in type A

· Scenario 2b: Partial overlapped between MG and SMTC in type B

· Scenario 2c: Partial overlapped between MG and RLM

· Fully non-overlapped scenarios:

· Scenario 3a: Fully non-overlapped between MG and SMTC in type A

· Scenario 3b: Fully non-overlapped between MG and SMTC in type B

· Scenario 3c: Fully non-overlapped between MG and RLM


It has been agreed that no requirements will be defined for scenarios 1c. Hence, we focus on Scenario 2c (Partial overlapped between MG and RLM) and Scenario 3c (Fully non-overlapped between MG and RLM). 
In Scenario 2c, RLM-SSB occasions are partially overlapped with measurement gaps. Then, measurement gap repetition period (MGRP) is longer than RLM-SSB period (TSSB). The RLM evaluation period shall be scaled by the value 
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In Scenario 3c, RLM-SSB occasions are fully non-overlapped with measurement gaps. Then, there is no need to extend RLM evaluation period. 
Proposal 1: In Scenario 2c, when RLM-SSB occasions are partially overlapped with measurement gaps, the RLM evaluation period could be scaled by the value 
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 is the SMTC period.
Proposal 2: In Scenario 3c, when RLM-SSB occasions are fully non-overlapped with measurement gaps, the RLM evaluation period could be scaled by 1.
2.2. RLM-SSB overlapping with intra-frequency SMTC in FR2
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Figure 1: Example for Rx Beam sweeping for SSB based RRM in FR2
In previous RAN4 meetings, the requirements of SSB based RRM measurements in FR2 have been discussed. Considering that UE is allowed to search detectable cells on each Rx beams, the measurement delay requirements in FR2 could be derived by scaling the requirements in FR1.
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Figure 2: Example for Rx Beam operation for SSB based RLM in FR2
However, during RLM procedure, the UE is required to perform cell/beam level link quality evaluation on serving cell. The UE does not need to perform RLM measurement on each Rx beam but only need to perform RLM measurement on the serving beam pair.

In typical scenario, the available RLM-SSB occasions would be partially or fully overlapped with SMTC windows. When UE perform Rx beam sweeping operation for RRM measurement within SMTC window, UE could not perform For SSB based RLM, it was captured in [1] that RAN4 need to study the scenarios that the timing relationship between RLM-RS and intra-frequency SMTC is partially overlapping or fully overlapping. Due to Rx beam sweeping for RRM measurement, UE could not perform RLM and RRM measurements simultaneously.
2.2.1. Partially overlapped with SMTC
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Figure 3: Example for RLM-SSB and SMTC being partially overlapping
As shown in figure 3, when RLM-SSB period is smaller than SMTC period, only partial RLM-SSB occasions are overlapped with SMTC windows. At least UE can perform RLM measurements on the RLM-SSB occasions which are non-overlapped with SMTC window. UE also can perform RLM measurements on the RLM-SSB occasions which are overlapped with SMTC window and where serving Rx beam pair is selected. However, for simplification, the RLM evaluation period in FR2 could be scaled by the value 
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 are the values of SMTC period and RLM-SSB period respectively.
Proposal 3: In FR2, when RLM-SSB occasions are partially within SMTC window, the RLM evaluation period in FR2 could be scaled by 
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 are the values of SMTC period and RLM-SSB period respectively.

2.2.2. Fully overlapped with SMTC


[image: image13.emf]…

SSB pattern 

for RLM

…

SMTC pattern 

for intra-freq

T

SMTC

Rx beam 

sweeping

UE UE

UE

UE

T

SSB

Serving Rx 

beam


Figure 4: Example for RLM-SSB and SMTC being fully overlapping
As shown in figure 4, when RLM-SSB period equals to the SMTC period, all the RLM-SSB occasions are overlapped with SMTC windows. Assuming that SSB intra-frequency measurement requirements in FR2 is scaled by four due to Rx beam sweeping, at least UE can perform RLM measurements based on the RLM-SSBs when serving Rx beam is selected. The scaling factor for RLM requirements in FR2 could be defined as four.
Proposal 4: In FR2, when RLM-SSB occasions are fully overlapped with SMTC window, the RLM evaluation period could be scaled due to Rx beam sweeping. 
Proposal 5: In FR2, The same scaling factor due to Rx beam sweeping are used for both RLM and RRM measurement requirements. 

2.3. RLM-SSB overlapping with both measurement gap and intra-frequency SMTC in FR2
In section 2.1, we provide the analysis on the scenarios where RLM-SSB occasions are partially overlapped or fully non-overlapped with measurement gaps, and the scaling factor can be denoted as 
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and one respectively. In section 2.2, we provide the analysis on the scenarios where RLM-SSB occasions are partially or fully overlapped with SMTC windows, and the scaling factor can be denoted as 
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and Nsweeping respectively, where Nsweeping is the scaling factor due to Rx beam sweeping operation.
In FR2, RLM-SSB occasions may be overlapped with measurement gaps and/or SMTC windows. Table 1 shows some examples of pattern combinations among RLM-SSB, SMTC and measurement gap.
Table 1: Examples of SSB/SMTC/Gap Patterns
	Case
	Pattern for SSB/SMTC/Gap

	#1
	
[image: image16.emf]SSB pattern

SMTC pattern

T

SMTC

T

SSB

MGRP

Measurement 

gap pattern



	#2
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	#3
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In case#1, RLM-SSB occasions are partially overlapped with SMTC windows and also partially overlapped with measurement gaps. SMTC windows are fully overlapped with measurement gaps. For this case, the RLM evaluation period can be scaled by the value 
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In case#2, RLM-SSB occasions are fully overlapped with SMTC windows and also partially overlapped with measurement gaps. SMTC windows are partially overlapped with measurement gaps. For this case, the RLM evaluation period can be scaled by the value 
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In case#3, RLM-SSB occasions are partially overlapped with SMTC windows and also partially overlapped with measurement gaps. SMTC windows are partially overlapped with measurement gaps. For this case, the RLM evaluation period can be scaled by the value 
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In case#4, RLM-SSB occasions are partially overlapped with SMTC windows and also partially overlapped with measurement gaps. SMTC windows are non-overlapped with measurement gaps. If some of RLM-SSB occasions are neither overlapped with SMTC nor overlapped with measurement gap, then the RLM evaluation period can be scaled by the value 
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. If all the RLM-SSB occasions are either overlapped with SMTC or overlapped with measurement gap, then the RLM evaluation period can be scaled by the value 
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It can be observed that the RLM evaluation period in FR2 will be scaled by different values for different pattern combinations among RLM-SSB, SMTC and measurement gap. RAN4 need to investigate the principles on how to derive the scaling factor.
Proposal 6: In FR2, RAN4 shall consider the scenarios that RLM-SSB occasions will be overlapped with measurement gap and/or SMTC window. And RAN4 need to investigate the RLM evaluation period in FR2, i.e. how to derive the scaling factor.
3. Conclusions

This contribution provides the analysis on RLM requirements in NR. The following proposals are provided:
Proposal 1: In Scenario 2c, when RLM-SSB occasions are partially overlapped with measurement gaps, the RLM evaluation period could be scaled by the value 
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Proposal 2: In Scenario 3c, when RLM-SSB occasions are fully non-overlapped with measurement gaps, the RLM evaluation period could be scaled by 1.
Proposal 3: In FR2, when RLM-SSB occasions are partially within SMTC window, the RLM evaluation period in FR2 could be scaled by 
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Proposal 4: In FR2, when RLM-SSB occasions are fully overlapped with SMTC window, the RLM evaluation period could be scaled due to Rx beam sweeping. 

Proposal 5: In FR2, The same scaling factor due to Rx beam sweeping are used for both RLM and RRM measurement requirements. 

Proposal 6: In FR2, RAN4 shall consider the scenarios that RLM-SSB occasions will be overlapped with measurement gap and/or SMTC window. And RAN4 need to investigate the RLM evaluation period in FR2, i.e. how to derive the scaling factor.
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