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1 Introduction
RLM is an important function in RRM, and RAN4 has been discussing RLM related requirements for several meetings. In RAN4-NR-AH#3, a WF [1] was agreed which listed some open issues for further discussion. Basically, the RLM requirements for NR would look similar as those for LTE, but since some new features in RLM are introduced by RAN1, corresponding requirements have to be defined in 38.133, e.g. the two pairs of BLER levels, monitoring of multiple RLM-RS, new PDCCH parameters, etc. Due to limited time, there was no agreement in RAN4#84bis. Based on email discussions before RAN4#85, the framework of RLM requirements are captured in the latest version of 38.133 [2].
One open issue for RLM is the evaluation period and related indication interval, for both DRX and non-DRX cases, and for both gap based RLM and non-gap-based RLM. Particularly for the gap based RLM, sharing of measurement gaps with intra-/inter-frequency also needs to be discussed.
In this paper, we will provide our views on RLM evaluation period and related requirements.

2 Discussion 
2.1 L1 indication interval and gap sharing
In LTE UE is required to perform RLM with a certain periodicity. This is captured in both 36.213 and 36.133.

From 36.213:

	In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10].


From 36.133:

	The out-of-sync and in-sync evaluations of the PCell or PSCell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10 ms.
…
The out-of-sync and in-sync evaluations of the PCell or PSCell shall be performed as specified in clause 4.2.1 in [3]. 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).


We think the same requirement and same principle in defining the requirement can be re-used in NR. In NR due to the fact that SSB for RLM is not continuously transmitted, the RLM interval should take the periodicity of SSB for RLM into account. Also when RLM is gap based, the MGRP should also be considered. Our suggestion for the L1 indication interval is below.

Proposal 1: The L1 indication interval Tinterval in NR RLM is defined as 

· non-DRX, gapless: max(10ms, RLM SSB periodicity)

· DRX, gapless: max(10ms, RLM SSB periodicity, DRX cycle)

· Non-DRX, gap based: max(MGRP, RLM SSB periodicity)

· DRX, gap based: max(MGRP, RLM SSB periodicity, DRX cycle)
In case of gap based RLM, the Tinterval is further scaled with gap sharing factor.   

2.2 Measurement gap sharing 

As can be seen in previous section, the interval how often UE perform gap based RLM depends on gap sharing between RLM and intra-/inter-frequency measurement. In RAN4#84bis, it was agreed that the gap sharing between intra- and inter-frequency measurement will be network configurable with 4 levels. Gap for RLM was not considered.

In principle, the SSB for RLM is configured independently from the SSB for measurement, which is included as SMTC. Therefore, it may be possible that UE is configured SSB on F1 for RLM, F2 for intra-frequency measurement and F3 for inter-frequency measurement. In this case, one gap sharing factor as agreed in RAN4#84bis is not enough. On the other hand, RLM is performed on the serving cell, so the most likely configuration is that SSB for RLM is configured to be same as SSB for intra-frequency measurement, such that they can be performed in the same gaps.

Our view regarding the requirement for gap based RLM is that RAN4 only defines requirement for the case where SSB for RLM and intra-frequency measurement are on the same carrier frequency and can be covered with the single gap pattern. This means we do not need to define separate gaps or gap sharing factor specifically for RLM. Other configuration is still allowed, but no UE requirement is defined – after all RAN4 requirements cannot cover all possible configurations.
Proposal 2: For gap based RLM RAN4 only defines requirement for the case where SSB for RLM and intra-frequency measurement are on the same carrier frequency and can be covered with the single gap pattern.

Another issue in gap sharing is the sharing when OOS timer starts. In LTE, below requirement regarding L1 indication period is specified. 
	Upon start of T310 timer or T313 timer as specified in clause 5.3.11 in TS 36.331 [2], the UE shall monitor the link of PCell or PSCell for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer or T313 timer.


The principle is that when OOS timer starts, UE should perform RLM as frequently as possible to identify the possible recovery. The same principle should be reused for NR, but in case of gap based RLM, besides the DRX, the L1 indication interval is also impacted by the gap sharing. Following the same principle as in LTE, we think all gaps should be used for RLM when OOS starts. This means in Proposal 1, K equals to 1 when OOS timer starts.

Proposal 3: For gap based RLM all gaps should be used for RLM when OOS starts.

2.3 Evaluation period

RLM evaluation period is the time during which UE shall be able to indicate L1 OOS or IS based on the radio link quality change. In LTE, the requirements are defined as 

· Non-DRX: 200ms for OOS evaluation and 100 for IS evaluation

· DRX: 5 DRX cycles (larger number of DRX cycles are used with short DRX cycle for power saving)  
In NR due to the fact that SSB for RLM is not continuously transmitted, and possibly RLM is gap based with some configurations, the RLM interval as in Proposal 1 depends on the SSB period and MGRP. The same consideration also applies for evaluation period. In our view, the NR RLM evaluation period should be defined based on L1 indication interval.
The SINR measurement in RLM is somehow similar to RSRP/RSRQ measurement in RRM requirement. RAN4 has simulated the SNR measurement performance in RAN4#84bis, and the results are also similar as those for RSRP/RSRQ measurement performance. In RAN4#84bis for RSRP/RSRQ measurement the following was agreed.
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SS-Block Based RSRP: Observations from Link-Level Results (for information)

•
Less than or equal to LTE number of samples based on SSS are sufficient to achieve at least the same RSRP measurement accuracy as in LTE

•
Using PBCH DMRS in the same SS block may further improve the RSRP measurement accuracy

•
Simulation results are summarized in R4-1711722 (“Simulation results summary for SS block based RSRP”)
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•
SS-block based RSRP measurement and accuracy requirements are to be derived based on SSS only

•
PBCH DMRS may be used by UE optionally to further improve the accuracy, but no RSRP requirements based on DMRS PBCH will be specified in Rel-15

•
RSRP measurement period 

•
1 sample will not be used when defining the requirement for sub-6GHz

•
RAN4 will decide the exact measurement period for sub-6GHz and mmWave in RAN4#85


The same observations also apply to RLM evaluation period. During the discussion in RAN4#84bis, some companies commented that the latency requirement should not simply based on number of samples needed to achieve certain accuracy, because from mobility point of view such short latency is not necessary but UE power consumption would be increased. We share the concern, so it is reasonable to define a minimum evaluation period so that the requirement would not be overly tightened when L1 indication interval is small.
Also in RAN4#84bis, some companies mentioned the issue that for RLM, the SINR working point would be different than that for RSRP/RSRQ measurement, and different between OOS and IS evaluation, so different requirements should be considered. 
Based on all considerations, our suggestion for evaluation period is below.

Proposal 4: The RLM evaluation period is defined as max(X, N*Tinterval), where 
· X is the minimum evaluation period defined separately for OOS and IS evaluation, 

· N is the number of samples defined separately for OOS and IS evaluation and depending on Tinterval. 
In case of gap based RLM, the Tinterval is further scaled with gap sharing factor.
3 Conclusions 

In this paper, we provided our views on RLM evaluation period and related requirements.

Proposal 1: The L1 indication interval Tinterval in NR RLM is defined as 

· non-DRX, gapless: max(10ms, RLM SSB periodicity)

· DRX, gapless: max(10ms, RLM SSB periodicity, DRX cycle)

· Non-DRX, gap based: max(MGRP, RLM SSB periodicity)

· DRX, gap based: max(MGRP, RLM SSB periodicity, DRX cycle)
In case of gap based RLM, the Tinterval is further scaled with gap sharing factor.

Proposal 2: For gap based RLM RAN4 only defines requirement for the case where SSB for RLM and intra-frequency measurement are on the same carrier frequency and can be covered with the single gap pattern.
Proposal 3: For gap based RLM all gaps should be used for RLM when OOS starts.
Proposal 4: The RLM evaluation period is defined as max(X, N*Tinterval), where 

· X is the minimum evaluation period defined separately for OOS and IS evaluation, 

· N is the number of samples defined separately for OOS and IS evaluation and depending on Tinterval. 

In case of gap based RLM, the Tinterval is further scaled with gap sharing factor.
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