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Discussion
1 Introduction
In the previous meeting, RAN2#105bis, we discussed the impact of missing RLM-RS on RLM procedure and following is still FFS:
· FFS: A new RLF trigger mechanism for missing RLM-RS may be defined at upper layers but RAN2 should wait for RAN1 conclusion on this issue

In this contribution we discuss RLM enhancements in NR-U on the assumption that the new indication is provided from physical layer when the RLM-RS is not detected.
2 Discussion
If a new type of indication is provided from lower layers when it detects that the RLM-RS is not transmitted from gNB, RRC layer would be able to take the new indication (hereafter referred to as 'Missing RS indication') into account when it decides whether to declare RLF. In the email discussion R2-1903655, most companies replied that a new mechanism for missing RLM-RS needs to be defined at RRC layers so that the UE can escape from the situation when consecutive downlink LBT failures happen. For example, the RRC starts a new timer when it receives the missing RS indication from lower layers while the timer is not running and declares the RLF when the timer expires. If such a new mechanism based on the missing RS indication is defined, the UE will be able to declare RLF when it cannot detect the RLM-RS for a certain period of time.
However, even though the new mechanism is defined for the missing RS indication, the missing RS indication still needs to be considered in the legacy mechanism based on T310. Let`s see what happens in the legacy mechanism while the missing RS indication is received from lower layers. The scenario that the problem occurs is the missing RS indication is received for a long time but OOS is received before the new timer expires as shown in figure below. 
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Figure 1
In this scenario, the new mechanism doesn’t declare RLF because the timer stops before expiring. The OOS counter in legacy mechanism doesn’t increase while the missing RS indication is transmitted from lower layers, though the radio quality is still bad, and the RLF declaration would be delayed significantly in such a scenario.
Observation 1
Even though a new RLF declaration mechanism is defined based on missing RS indication, if the missing RS indication is not used in legacy T310 based mechanism, the RLF declaration will be delayed significantly in following scenario:

The RLM-RS is not transmitted for a long time but the period is shorter than the new timer.
Therefore, even though new RLF mechanism is defined for the missing RS indication, the missing RS indication should be considered also in the legacy mechanism based on T310 so as not to delay the legacy mechanism significantly.
Proposal 1
Regardless of whether new RLF triggering mechanism based on the missing RS indication is defined or not, the missing RS indication should be considered in the legacy T310 based mechanism.
The proposal 1 means that the missing RS indication should be used as IS indication or OOS indication in the legacy mechanism. If the missing RS indication is considered as an OOS indication whenever RRC receives it, this would deprive the opportunity to stop T310 when the channel has been recovered but gNB fails in the LBT procedure. Then, the UE will declare unnecessary RLF as shown in figure 2 because the IS counter will be reset whenever the missing RS indication is received.
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Figure 2 Problem when the missing RS indication is considered as OOS in legacy mechanism
Observation 2
If the missing RS indication is considered as out-of-sync indication when the radio link has been recovered while T310 is running, it deprives the opportunity to stop T310, and UE would unnecessarily declare the RLF.

On the contrary, if the every missing RS indication is considered as an IS indication in the legacy mechanism, the RRC will reset the OOS counter whenever it receives the missing RS indication from lower layers. This would deprive the opportunity to start T310 though the channel quality is bad, and delay the RLF declaration considerably as shown in figure 3.
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Figure 3 Problem when the missing RS indication is considered as IS in legacy mechanism
Observation 3
If the missing RS indication is considered as in-sync indication when the OOS counter is not zero, it will reset the OOS counter and deprive the opportunity to start T310. This would cause unacceptable delay for RLF declaration.
It is quite probable that there is a strong correlation between two link qualities measured at different point of time within a short period of time. So, if the missing RS indication is received after receiving a number of consecutive OOS indications, it is likely that the link quality is still bad. Similarly, if the missing RS indication is received after several consecutive IS indications, it is likely that the link quality is still nice.
Observation 4
If the missing RS indication is received after receiving a number of consecutive OOS indication, it is likely that the channel quality is still bad. If the missing RS indication is received after receiving a number of consecutive IS indication, it is likely that the channel quality is still good.
If the above observation is right, it is desirable that RRC considers the missing RS indication as OOS indication in legacy mechanism when the missing RS indication is received after receiving a number of consecutive OOS indication. On the contrary, if the missing RS indication is received after a number of consecutive IS indication, it is desirable that RRC considers the missing RS indication as IS indication.
Proposal 2
If RRC receives the missing RS indication within the correlation window and if the indication received when the RLM-RS was lastly detected is the IS (or OOS) indication, RRC considers the missing RS indication as IS (or OOS) indication in T310 based mechanism.

If the proposal 2 is adopted, in the scenario of observation 2, i.e. when the missing RS indication is received when the radio link has been recovered while T310 is running, the UE can stop the T310 by considering the missing RS indication as IS indication as shown in figure 4.
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Figure 4 Example of proposal 2
In addition, in the scenario of observation 3, i.e. when the missing RS indication is received when the OOS counter is not zero, the UE can start the T310 by considering the missing RS indication as OOS indication as shown in figure 5.
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Figure 5 Example of proposal 2
The correlation window is a moving window and it restarts when receiving IS/OOS indication from lower layers. After a certain time, the correlation would be almost zero, so outside the correlation window, it is not desirable that the missing RS indication is considered as the latest OOS or IS indication, and different handling is required. 
If the missing RS indication is received even outside the correlation window, this means that the RLM-RS is not transmitted for a long time. No matter how good the link quality is, if gNB fails in downlink LBT consistently, the UE needs to declare RLF to escape from the situation. Therefore, it seems desirable that the RRC considers the missing RS indication received outside the correlation window as OOS indication.
Alternatively, as mentioned above, if the missing RS indication is unconditionally considered as out-of-sync indication in the legacy mechanism, it would result in early RLF declaration or deprive the opportunity to stop T310, so it can be considered as another option that RRC doesn’t use the missing RS indication outside the correlation window in the T310 based mechanism.
Proposal 3
Regarding the missing RS indication outside the correlation window, choose one of following options:

Option 1: RRC considers the missing RS indication received outside the correlation window as OOS indication in the legacy mechanism.

Option 2: RRC doesn’t use the missing RS indication outside the correlation window in the legacy mechanism.

In the first option, the missing RS indication can increase the OOS counter, so the legacy mechanism can declare RLF when the RLM-RS is not transmitted for quite a long period of time.
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Figure 6 Example of option 1 in proposal 3
Observation 5
If RRC considers the missing RS indication received outside the correlation window as OOS indication, the legacy mechanism can declare RLF when the RLM-RS is not transmitted for quite a long period of time.
This behavior, i.e. declaring RLF when gNB fails in the LBT for a long period of time, is what we want to achieve by introducing the new mechanism for missing RS indication. Therefore, if the first option is adopted, the new RLF declaration mechanism doesn’t need to be defined.
Proposal 4
If option 1 in proposal3 is adopted, new RLF declaration mechanism for missing RS indication is not needed.
3 Conclusion
In this contribution, we discussed 
Observation 1
Even though a new RLF declaration mechanism is defined based on missing RS indication, if the missing RS indication is not used in legacy T310 based mechanism, the RLF declaration will be delayed significantly in following scenario:

The RLM-RS is not transmitted for a long time but the period is shorter than the new timer.
Proposal 1
Regardless of whether new RLF triggering mechanism based on the missing RS indication is defined or not, the missing RS indication should be considered in the legacy T310 based mechanism.
Observation 2
If the missing RS indication is considered as out-of-sync indication when the radio link has been recovered while T310 is running, it deprives the opportunity to stop T310, and UE would unnecessarily declare the RLF.

Observation 3
If the missing RS indication is considered as in-sync indication when the OOS counter is not zero, it will reset the OOS counter and deprive the opportunity to start T310. This would cause unacceptable delay for RLF declaration.

Observation 4
If the missing RS indication is received after receiving a number of consecutive OOS indication, it is likely that the channel quality is still bad. If the missing RS indication is received after receiving a number of consecutive IS indication, it is likely that the channel quality is still good.
Proposal 2
If RRC receives the missing RS indication within the correlation window and if the indication received when the RLM-RS was lastly detected is the IS (or OOS) indication, RRC considers the missing RS indication as IS (or OOS) indication in T310 based mechanism.
Proposal 3
Regarding the missing RS indication outside the correlation window, choose one of following options:

Option 1: RRC considers the missing RS indication received outside the correlation window as OOS indication in the legacy mechanism.

Option 2: RRC doesn’t use the missing RS indication outside the correlation window in the legacy mechanism.

Observation 5
If RRC considers the missing RS indication received outside the correlation window as OOS indication, the legacy mechanism can declare RLF when the RLM-RS is not transmitted for quite a long period of time.
Proposal 4
If option 1 in proposal3 is adopted, new RLF declaration mechanism for missing RS indication is not needed.
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