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1. Introduction

In RAN4#86bis meeting, it was agreed in [1] that RAN4 should study sharing mechanism for RLM and intra-frequency measurement in FR2 when SMTC is fully overlapped with RLM-RS. In this contribution, we will provide our analysis on the colliding issues between RLM-SSB and intra-frequency SMTC window without gaps in FR2.
2. Discussion
In this section, only intra-frequency measurements within active BWP are considered, and we focus on the intra-frequency measurements without measurements gap.
In FR2, due to Rx beam sweeping operation for RRM measurement, UE could not perform RLM and RRM measurements simultaneously. Some RLM-SSB measurement occasions will be missing due to colliding with intra-frequency SMTC window or measurement gaps. For the priority of measurement opportunity, the following agreements were achieved.
	In FR2:

UE is only expected to perform SSB-based RLM outside measurement gaps. 

UE is only expected to perform SSB-based RLM outside SMTC windows if RLM-RS is partially overlapped with SMTC.

If the SMTC is fully overlapped with RLM-RS, RAN4 is to study sharing mechanism for RLM and intra-frequency measurement


If there exist RLM-SSB occasions outside both SMTC window and measurement gap, UE is expected to perform SSB-based RLM on the SSB occasions outside, otherwise the measurement occasions shall be shared between RLM-SSB and SMTC. Thus, the RLM requirements shall be relaxed and the corresponding scaling factor shall be defined.

Table 1 summarizes 7 cases for measurement opportunities colliding among RLM-SSB, SMTC window and measurement gap. And Table 2 provides examples of RLM-SSB/SMTC/gap pattern for each case.
Table 1: Summary of RLM-SSB/SMTC/ Measurement Gap overlapping scenarios
	Case#
	RLM-SSB and Measurement Gap
	SMTC and Measurement Gap
	RLM-SSB and SMTC
	Sharing between RLM-SSB and SMTC

	1
	Non-overlapped
	Non-overlapped
	Partially overlapped

· TSSB < TSMTC
	No

	2
	
	
	Fully overlapped

· TSSB = TSMTC
	Yes

	3
	Partially overlapped

(TSSB < MGRP)
	Non-overlapped
	Partially overlapped

· All of RLM-RS will be either overlapped with SMTC or overlapped with gap
· 2TSSB = TSMTC = MGRP
	Yes

	4
	
	
	Partially overlapped

· Some of RLM-SSB will be neither overlapped with SMTC nor overlapped with gap
· 4TSSB < TSMTC + MGRP
	No

	5
	
	Overlapped
	Partially overlapped

· TSSB < TSMTC
	No

	6
	
	
	Fully overlapped

· TSSB = TSMTC
	No

	7
	Fully overlapped
(TSSB ≥ MGRP)
	Overlapped
	Overlapped
	N/A

	Note: TSSB denotes the RLM-SSB periodicity and TSMTC is the configured SMTC periodicity for intra-frequency layer.


Table 2: Example of RLM-SSB/SMTC/Measurement Gap Pattern
	Case#
	Pattern for RLM-SSB/SMTC/Measurement Gap

	1
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	2
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	3
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	4
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	5
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Scenario 1a/1b
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Scenario 2a/2b

	6
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	7
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In case#7, all the RLM-SSB occasions are overlapped with measurement gaps and it was agreed in that no RLM requirement will be defined.
In case#1/4/5, none or some of RLM-SSB occasions outside measurement gaps are overlapped with SMTC window. Hence, UE could perform RLM measurements on the SSB occasions which are neither overlapped with SMTC window nor overlapped with measurement gap. In case#1, the scaling factor for RLM requirements was agreed to be defined as 
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. In case#5, the scaling factor for RLM requirements was agreed to be defined as 
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. In case#4, the proportion of RLM-SSB occasions outside both SMTC window and measurement gap equals to 
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, and the scaling factor for RLM requirements can be defined as 
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. It can be observed that the value of scaling factor for RLM will be no larger than 2 in case#1/5 and will be no larger than 4 in case#4.
In case#2/3/6, all the RLM-SSB occasions outside measurement gaps are overlapped with SMTC, so the measurement opportunities sharing shall be considered between RLM and intra-frequency measurements. The purpose of RLM is to monitor the downlink quality of serving cell, and the purpose of intra-frequency measurement is to identify detectable neighbour cell. The measurement performance during these two procedures are both very important to mobility performance. Therefore, it is suggested that the measurement opportunities outside measurement gaps are equally split between RLM and intra-frequency measurements. When RLM-SSB occasions are partially overlapped with measurement gaps, the proportion of RLM-SSB occasions outside measurement gaps equals to 
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 and the scaling factor for RLM requirements can be defined as 
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. When RLM-SSB occasions are fully non-overlapped with measurement gaps, the scaling factor for RLM requirements can be defined as 2.
Based on the above analysis, the followings are proposed:
Proposal 1: When all the RLM-SSB occasions outside measurement gaps are overlapped with intra-frequency SMTC windows, the measurement opportunities outside measurement gaps are equally split between RLM and intra-frequency measurements.
Proposal 2: The scaling factor P for RLM requirements in FR2 are suggested to be defined as Table 3.
Table 3: Scaling factor (P) for RLM requirements in FR2

	Condition
	RLM-SSB outside MG and SMTC
	RLM-SSB and Measurement Gap
	SMTC and Measurement Gap
	Scaling factor P for RLM

	1
	Non-overlapped or Partially overlapped
	Non-overlapped
	Non-overlapped
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	2
	Non-overlapped or Partially overlapped
	Partially overlapped
	Non-overlapped
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	3
	Non-overlapped or Partially overlapped
	Partially overlapped
	Overlapped
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	4
	Fully overlapped
	Non-overlapped
	Non-overlapped
	2

	5
	Fully overlapped
	Partially overlapped
	Non-overlapped or overlapped
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	Note 1: TSSB denotes the RLM-SSB periodicity and TSMTC is the configured SMTC periodicity for intra-frequency layer.

Note 2: it is assumed that RLM-SSB occasions will always be overlapped with intra-frequency SMTC windows.


3. Conclusions

This contribution provides our analysis on colliding issues among RLM-SSB, intra-frequency SMTC window and measurement gap in FR2. The following proposals are provided for SSB based RLM: 
Proposal 1: When all the RLM-SSB occasions outside measurement gaps are overlapped with intra-frequency SMTC windows, the measurement opportunities outside measurement gaps are equally split between RLM and intra-frequency measurements.
Proposal 2: The scaling factor P for RLM requirements in FR2 are suggested to be defined as Table 3.
Table 3: Scaling factor (P) for RLM requirements in FR2

	Condition
	RLM-SSB outside MG and SMTC
	RLM-SSB and Measurement Gap
	SMTC and Measurement Gap
	Scaling factor P for RLM

	1
	Non-overlapped or Partially overlapped
	Non-overlapped
	Non-overlapped
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	2
	Non-overlapped or Partially overlapped
	Partially overlapped
	Non-overlapped
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	3
	Non-overlapped or Partially overlapped
	Partially overlapped
	Overlapped
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	4
	Fully overlapped
	Non-overlapped
	Non-overlapped
	2

	5
	Fully overlapped
	Partially overlapped
	Non-overlapped or overlapped
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	Note 1: TSSB denotes the RLM-SSB periodicity and TSMTC is the configured SMTC periodicity for intra-frequency layer.

Note 2: it is assumed that RLM-SSB occasions will always be overlapped with intra-frequency SMTC windows.
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