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1. Introduction

After RAN4 #84bis meeting, the TPs for TS38.133 were discussed on the RAN4 reflector and a draft version for TS38.133 was circulated. In the latest version of TS38.133, the RLM requirement was drafted as:
	8.1.2.1.1
Minimum requirement when DRX is not used
When the downlink radio link quality on all the configured RLM-RS resources estimated over the last TEvaluate_out_ non-DRX_SSB [s] period becomes worse than the threshold Qout, Layer 1 of the UE shall send an out-of-sync indication for the PSCell to the higher layers within TEvaluate_out_ non-DRX_SSB [s] evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in [Ref 38.331].

When the downlink radio link quality on at least one of the configured RLM-RS resources estimated over the last TEvaluate_in_ non-DRX_SSB [s] period becomes better than the threshold Qin, Layer 1 of the UE shall send an in-sync indication for the PSCell to the higher layers within TEvaluate_in_ SSB [s] evaluation period. A L3 filter shall be applied to the in-sync indications as specified in [Ref 38.331].

TEvaluate_out_non-DRX_SSB = FFS
TEvaluate_in_non-DRX_SSB = FFS
TBD [Editor’s note: Requirements for TEvaluate_out_ SSB would be captured here]

TBD [Editor’s note: Requirements for TEvaluate_in_ SSB would be captured here]
The out-of-sync and in-sync evaluations on the configured RLM-RS resources shall be performed as specified in clause xxx in [Ref 38.214]. Two successive indications from Layer 1 shall be separated by FSS.
8.1.2.1.2
Minimum requirement when DRX is used
When the downlink radio link quality on all the configured RLM-RS resources estimated over the last TEvaluate_out_DRX_SSB [s] period becomes worse than the threshold Qout, Layer 1 of the UE shall send out-of-sync indication for the PSCell to the higher layers within TEvaluate_out_DRX_SSB [s] evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in [Ref 38.331].

When the downlink radio link quality on at least one of the configured RLM-RS resources estimated over the last TEvaluate_in_DRX_SSB [s] period becomes better than the threshold Qin, Layer 1 of the UE shall send in-sync indications for the PSCell to the higher layers within TEvaluate_in_DRX_SSB [s] evaluation period. A Layer 3 filter shall be applied to the in-sync indications as specified in [Ref 38.331].

The out-of-sync and in-sync evaluations on the configured RLM-RS resources shall be performed as specified in clause xxx in [Ref 38.214]. When DRX is used, two successive indications from Layer 1 shall be separated by FFS.


The indication interval is still open for NR RLM and in this contribution we discuss the possible intervals for both DRX and non-DRX cases.

2. OOS and IS indication interval
The WF for NR RLM was approved in [1], and the periodicity of periodic IN/OOS indication was approved as:

· Periodicity of periodic IN/OOS indication
· It will be measurement interval for RLM monitoring.
In the NR measurement, since the serving cell RLM-RS is known to the UE, UE is able to conduct the corresponding measurement at each available occasions. For example, if the RLM is based on SSB, the time domain positions of serving cell SSB can be derived from the MIB and SIB1, which will be captured in the TS38.331; and if the RLM is based on CSI-RS, the serving cell will indicate the SCI-RS scheduling information to UE as well. Therefore, UE is able to perform the SSB or CSI-RS measurement for hypothetical PDCCH BLER based on the real SSB or CSI-RS periodicity rather than intra-frequency SMTC. In order to cover all the possibilities, we list the all scenarios and have proposal for each scenarios as below,

1-a. SSB based RLM without gap and DRX

In LTE the CRS is transmitted on every subframes and UE is able to use any of the subframes to measure the SINR to map to hypothetical PDCCH BLER, but in NR the SSB transmission is only available on the SSB periodicity. As shown in figure 1, the physical layer indication will only available after receive each SSB periodicity, and therefore the OOS and IS layer 1 indication interval is at least SSB periodicity. 
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Figure 1. OOS and IS indication interval for SSB based RLM

Proposal 1: For SSB based RLM without gap and DRX, the two successive indications from Layer 1 shall be separated by at least one SSB periodicity.
1-b. SSB based RLM without gap but with DRX
In DRX case, the RLM may be not conducted during the active time to save the UE power, and in LTE the layer 1 indication interval is defined as,

When DRX is used, two successive indications from Layer 1 shall be separated by at least max(10 ms, DRX_cycle_length). When the UE is configured with dual connectivity, then two successive indications from Layer 1 shall be separated by at least max(10 ms, MCG_DRX_cycle_length) for PCell and by at least max(10 ms, SCG_DRX_cycle_length) for PSCell. When eDRX_CONN is used, two successive indications from Layer 1 shall be separated by at least max(10 ms, eDRX_CONN cycle length).
Considering the EN-DC for NR RLM, then the SCG_DRX_cycle_length shall also be considered as well. Moreover, in LTE, the CRS is always available during each CDRX active time, however, in NR the SSB might be measured only if SSB occasion is overlapped with DRX active time, and therefore the layer 1 indication interval might be defined as LCM(SSB periodicity, SCG_DRX_cycle_length), which can make sure UE is able to receive SSB for RLM. (LCM is lowest common multiple)
Proposal 2: For SSB based RLM without gap but with DRX, the two successive indications from Layer 1 shall be separated by at least LCM(SSB periodicity, SCG_DRX_cycle_length). (LCM is lowest common multiple)
1-c. SSB based RLM with gap but without DRX
By using gap, we may need to consider the MGRP and SSB periodicity to make sure SSB can be received in the corresponding gap. Different from the DRX case, the MGRP candidates are only 20/40/80/160ms and SSB periodicity candidates are 5/10/20/40/80/160ms, and therefore that means MGRP can exactly divided by SSB periodicity or SSB periodicity can exactly divided by MGRP or SSB periodicity is equal to MGRP. So the layer 1 indication interval can be defined as max(SSB periodicity, MGRP).
Proposal 3: For SSB based RLM with gap but without DRX, the two successive indications from Layer 1 shall be separated by at least max(SSB periodicity, MGRP). 
1-d. SSB based RLM with gap and DRX
By using gap and DRX, the SSB overlapping with gap and DRX may only occurs each LCM(SS periodicity, DRX_cycle_length, MGRP). And the proposal for layer 1 indication is:

Proposal 4: For SSB based RLM with gap but without DRX, the two successive indications from Layer 1 shall be separated by at least LCM(SS periodicity, DRX_cycle_length, MGRP). 
2-a. CSI-RS based RLM without gap and DRX
Similar as 1-a, only need to replace the SSB periodicity by CSI-RS periodicity.
Proposal 5: For CSI-RS based RLM without gap and DRX, the two successive indications from Layer 1 shall be separated by at least one CSI-RS periodicity.
2-b. CSI-RS based RLM without gap but with DRX
Similar as 1-b, only need to replace the SSB periodicity by CSI-RS periodicity.
Proposal 6: For CSI-RS based RLM without gap but with DRX, the two successive indications from Layer 1 shall be separated by at least LCM(CSI-RS periodicity, SCG_DRX_cycle_length). 
2-c. CSI-RS based RLM with gap but without DRX
Similar as 1-c, only need to replace the SSB periodicity by CSI-RS periodicity.
Proposal 7: For CSI-RS based RLM without gap but with DRX, the two successive indications from Layer 1 shall be separated by at least max(CSI-RS periodicity, MGRP).
2-d. CSI-RS based RLM with gap and DRX

Similar as 1-d, only need to replace the SSB periodicity by CSI-RS periodicity.
Proposal 8: For CSI-RS based RLM without gap but with DRX, the two successive indications from Layer 1 shall be separated by at least LCM(CSI-RS periodicity, DRX_cycle_length, MGRP).
Table 1. Summary of layer 1 indication interval

	SSB or CSI-RS based RLM
	Using gap or not
	Using DRX or not
	Layer 1 indication interval

	SSB
	No
	No
	SSB periodicity

	SSB
	No
	Yes
	LCM(SSB periodicity, SCG_DRX_cycle_length).

	SSB
	Yes
	No
	max(SSB periodicity, MGRP).

	SSB
	Yes
	Yes
	LCM(SS periodicity, DRX_cycle_length, MGRP).

	CSI-RS
	No
	No
	CSI-RS periodicity

	CSI-RS
	No
	Yes
	LCM(CSI-RS periodicity, SCG_DRX_cycle_length).

	CSI-RS
	Yes
	No
	max(CSI-RS periodicity, MGRP).

	CSI-RS
	Yes
	Yes
	LCM(CSI-RS periodicity, DRX_cycle_length, MGRP).


Note: LCM is lowest common multiple
3. Conclusion
The indication interval is still open for NR RLM and in this contribution we discuss the possible intervals for both DRX and non-DRX cases.

Proposal 1: For SSB based RLM without gap and DRX, the two successive indications from Layer 1 shall be separated by at least one SSB periodicity.
Proposal 2: For SSB based RLM without gap but with DRX, the two successive indications from Layer 1 shall be separated by at least LCM(SSB periodicity, SCG_DRX_cycle_length). (LCM is lowest common multiple)
Proposal 3: For SSB based RLM with gap but without DRX, the two successive indications from Layer 1 shall be separated by at least max(SSB periodicity, MGRP). 
Proposal 4: For SSB based RLM with gap but without DRX, the two successive indications from Layer 1 shall be separated by at least LCM(SS periodicity, DRX_cycle_length, MGRP). 
Proposal 5: For CSI-RS based RLM without gap and DRX, the two successive indications from Layer 1 shall be separated by at least one CSI-RS periodicity.
Proposal 6: For CSI-RS based RLM without gap but with DRX, the two successive indications from Layer 1 shall be separated by at least LCM(CSI-RS periodicity, SCG_DRX_cycle_length). 
Proposal 7: For CSI-RS based RLM without gap but with DRX, the two successive indications from Layer 1 shall be separated by at least max(CSI-RS periodicity, MGRP).
Proposal 8: For CSI-RS based RLM without gap but with DRX, the two successive indications from Layer 1 shall be separated by at least LCM(CSI-RS periodicity, DRX_cycle_length, MGRP).
Summary table is as below,

Table 1. Summary of layer 1 indication interval

	SSB or CSI-RS based RLM
	Using gap or not
	Using DRX or not
	Layer 1 indication interval

	SSB
	No
	No
	SSB periodicity

	SSB
	No
	Yes
	LCM(SSB periodicity, SCG_DRX_cycle_length).

	SSB
	Yes
	No
	max(SSB periodicity, MGRP).

	SSB
	Yes
	Yes
	LCM(SS periodicity, DRX_cycle_length, MGRP).

	CSI-RS
	No
	No
	CSI-RS periodicity

	CSI-RS
	No
	Yes
	LCM(CSI-RS periodicity, SCG_DRX_cycle_length).

	CSI-RS
	Yes
	No
	max(CSI-RS periodicity, MGRP).

	CSI-RS
	Yes
	Yes
	LCM(CSI-RS periodicity, DRX_cycle_length, MGRP).


Note: LCM is lowest common multiple
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