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1. Introduction
In context of improving intra-cell mobility, RAN4 has discussed the introduction of enhanced RLM event in the past few meetings. In RAN4 82, an LS was sent to RAN2 requesting RAN2 to introduce signaling for enhanced RLM events, Event M1 and Event M2 [1]. RAN2 is yet to introduce the desired signaling. In addition, in RAN4 82bis, a way forward was agreed listing all the open issues and possible resolutions regarding the enhanced RLM event [2]. According to the way forward, there are two open issues that RAN4 needs to settle (a) how shall the events be triggered? (b) what should the UE report upon triggering of each of the events? In this paper, we provide our views on the mechanism to trigger enhanced RLM event and reporting contents upon triggering the event. 

2. Discussion
2.1. Mechanism for triggering enhanced RLM event

In RAN4 82bis, it was agreed that the events M1 and M2 shall be triggered based on the hypothetical BLER of MPDCCH. However, how exactly the event will be triggered was not decided, with the following as potential options 

One of the principle factors while deciding which of the above options is suitable for triggering the events M1 and M2 is that for the events to be meaningful, they should be triggered at SNR levels that are sufficiently above Qout and Qin respectively. If event M1 is triggered very close to (say, 1 dB above) Qout, then it is possible that due to further worsening of the link quality, UE may already trigger radio link failure, even before the network can react to the event to reconfigure the UE with a larger Rmax, ALmax or different CE mode. If event M2 is triggered too close to Qin (say 1dB above Qin), and if network chooses to reconfigure the UE with a smaller Rmax, ALmax of different CE mode, then it is possible that under the new configuration, UE triggers event M1, creating a ping-pong scenario. In Figure 1, BLER vs. SNR curve for ETU30 2x1 channel is shown. Under Option 2, i.e., “modifying BLER targets compared to Qin and Qout” BLER_M1 < 10% and BLER_M2 < 2%. Even if we set BLER_M1 = 1% and BLER_M2 = 1%, then Option2 implies that Event M1 is 1.5dB to 2dB above Qout and Event M2 is around 0.7dB above Qin which are in-sufficient margins from Qout and Qin for the events to be useful. 
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Figure 1: MPDCCH BLER in ETU30 2x1 channel 

Observation 1: Option 2 (modifying BLER targets compared to Qin and Qout) does not yield sufficient margin between Event M1 and Qout, and Event M2 and Qin. 

We prefer Option 1 to trigger enhanced RLM events. With Option 1, i.e., “modifying transmission parameters compared to Qin and Qout” we have more flexibility in choosing the MPDCCH transmission parameters corresponding to events M1 & M2 that can yield sufficient gap from Qout and Qin respectively.
The motivation for Event M1 is to assist the network in reconfiguring the UE so that it can avoid RLF. Hence the event has to be triggered prior to the trigger of layer 1 out of sync. At the same time, triggering the event very early is not useful because then it would mean wastage of network resources. Hence, it is desirable that Event M1 is triggered when the UE signal quality is in between Qin and Qout. Suppose that the MPDCCH transmission parameters corresponding to which Event M1 is triggered is set to Rmax/2 and ALmax, then by comparing the 10% BLER point of Agg level 16 Repetition Level = 16 and 8 from Figure 1, we can see that Qout and Event M1 will be separated by 2.5dB.
Proposal 1: Trigger Event M1 when the hypothetical MPDCCH BLER for an MPDCCH configuration (Rmax/2, ALmax) is greater than 0.1 over an evaluation period equal to the evaluation period of associated with Qout.

The purpose of Event M2 is to assist network to reconfigure the UE with lower Rmax and ALmax when it is good SNR condition, so that network resources and UE power consumption can be optimized. Hence it is desirable that Event M2 is triggered when signal conditions are significantly superior to current Qin levels. Further, as noted before, unless Event M1 is triggered sufficiently above Qin, UE may end up triggering Event M1 above reconfiguration with lower Rmax, ALmax or CE level. We propose that Event M2 should be triggered when UE’s hypothetical MPDCCH BLER is smaller than 0.02 for a configuration (Rmax/8, ALmax -2) which will allow for sufficient margin between Qin and Event M1 (4 to 5dB). Again, the evaluation period applicable to Qin can be re-used for estimation of hypothetical MPDCCH BLER.

Proposal 2: Trigger Event M2 when the hypothetical MPDCCH BLER for an MPDCCH configuration (Rmax/8, ALmax -2) is less than 0.02 over an evaluation period equal to the evaluation period of associated with Qin.

2.2. Reporting contents 
The next important questions is what should UE report upon triggering event M1 and event M2.Two possible options are listed in the way forward [2]

In our view Option 2 is preferable, i.e., informing the network that the event (M1 or M2) has occurred is sufficient information. Any additional report (from among the options listed above) does not add additional information.
Let us take an example of Event M1. If a UE has triggered Event M1, then it implies that it is getting closer to Qout. Naturally, if the UE has to recommend an MPDCCH repetition level, it will be higher than the currently configured Rmax with obvious choices as 2*Rmax, 4*Rmax, etc. However, it is not clear what criterion can the UE use to choose between 2*Rmax, 4*Rmax, etc. If it is left upto UE implementation, then there is no guarantee that the reported recommended repetition level is reliable, rendering the report useless. Similar concern regarding report of recommended agg level holds. Regarding report of recommended CE mode, one possible criterion is that if the measured Es/Iot < -6dB, then the recommended CE Mode should be mode B. However, based on the current MPDCCH Rmax and ALmax, and the fact that UE has triggered event M1, network can roughly map whether UE’s Es/Iot < -6dB or not. So, asking UE to recommend CE level does not seem to add any additional information.

Now let us consider Event M2. If a UE has triggered Event M2, then it implies that UE is sufficiently above Qin. Again, natural choices for recommendations of maximum MPDCCH repetition level can be Rmax/2, Rmax/4, etc. However, it is not clear what criterion can the UE use choose between Rmax/2, Rmax/4, etc. And leaving the criterion upto UE implementation does not provide any guarantees. Similar arguments hold for recommended aggregation level as well. 
Based on the above arguments, we propose that in addition to indicating that the event has occurred, UE does not need to report any additional information.
Proposal 3: In addition to indicating that the event has occurred, UE does not need to report any additional information.

3. Conclusion
In this paper, we discuss the mechanisms for triggering enhanced RLM events and contents of the report upon the event trigger, We have the following proposals
Proposal 1: Trigger Event M1 when the hypothetical MPDCCH BLER for an MPDCCH configuration (Rmax/2, ALmax) is greater than 0.1 over an evaluation period equal to the evaluation period of associated with Qout.

Proposal 2: Trigger Event M2 when the hypothetical MPDCCH BLER for an MPDCCH configuration (Rmax/8, ALmax -2) is less than 0.02 over an evaluation period equal to the evaluation period of associated with Qin.

Proposal 3: In addition to indicating that the event has occurred, UE does not need to report any additional information.
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Option 1 (modifying transmission parameters compared to Qin and Qout)


Trigger event M1 when hypothetical BLER of MPDCCH with transmission parameters (e.g. Rmax/2, Almax-1) is greater than 10% percent evaluated over a duration of T_eval_M1


Trigger event M2 when hypothetical BLER of MPDCCH with transmission parameters ( e.g. Rmax/8, Almax-2) is less than 2% percent evaluated over a duration of T_eval_M2


Final values of transmission parameters in option #1 shall be decided in RAN4#83 based on analysis.


Option 2 (modifying BLER targets compared to Qin and Qout)


Trigger event M1 when hypothetical BLER of MPDCCH with transmission parameters (Rmax, Almax) is greater than bler_M1 percent evaluated over a duration of T_eval_M1, where BLER_M1 < 10%


Trigger event M2 when hypothetical BLER of MPDCCH with transmission parameters (Rmax/2, Almax-2) is less than bler_M2 percent evaluated over a duration of T_eval_M2, where BLER_M2 < 2%


Exacts values of BLER_M1 and BLER_M2 in option #2 are FFS and shall be decided in RAN4#83 based on analysis.








The following options for the definition of the reported information will be investigated in RAN4: 


Option 1: UE sends a report  (to be further down-selected from the following)


combined recommended repetition for MPDCCH with excessive repetition for MPDCCH


recommended agg level for MPDCCH


recommended CE mode 


Option 2: No report 








8
4

