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1 Introduction

RAN4 has agreed to introduce new events to enhance the RLM performance by introducing two new events that are called event M1 and M2. An LS was also sent requesting RAN2 to introduce signalling support [1] for such triggering, and the RAN2 has confirmed in [1] that RAN2 support for enhanced RLM is going to be introduced in release 14. 

At last meeting RAN4 agreed on a way forward [2] capturing the further agreements and the remaining open issues. In this contribution we discuss and provide our view on the open issues. 
2 Discussions
2.1 Agreement on triggering conditions
The criterion for triggering the new events were discussed and two options were identified as follows [2]:
	· Criterion for triggering events M1 & M2 

· 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.

· Evaluation periods associated with events M1 & M2 

· In options #1 and #2: T_eval_M1 = Qout evaluation period, T_eval_M2 = Qin evaluation period 


2.2 Discussions on triggering conditions
Our preference is option 1 since we also agree with the argument that it can be quite difficult to agree on new hypothetical BLER target values as pointed out by some companies. This is challenging particularly for event M2 whose BLER target is already quite low (2%).
In addition, RAN4 has already conducted simulation campaign for the MPDDCH performance for different transmission parameter configurations. It is possible to reuse those results and derive the new transmission parameters that correspond to the 2% and 10% hypothetical BLER for the new events. 
Figure 1 and 2 shows the hypothetical MPDDCH simulation results for different transmission parameters. The different sets of repetition level and aggregation level for the new events can be derived from these results. We have presented three different proposals for event M1 and M2 in figures below. 
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Figure 1 MPDDCH simulation results for Qout with different transmission parameters
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Figure 2 MPDDCH simulation results for Qin with different transmission parameters
· Proposal #1: Enhanced RLM events M1 and M2 are triggered based on current hypothetical MPDDCH BLER targets, but with modified (and improved) MPDDCH transmission parameters.
Based on the simulation results already conducted in previous Cat-M1 studies, it can be observed that the event M1 can be triggered at 10% hypothetical BLER with MPDDCH transmission comprising Rmax/X2 and L’max-Y2. Event M2, on the other hand, can be triggered at 2% hypothetical BLER with MPDDCH transmission comprising Rmax/X1 and L’max-Y1. The values of X1, X2, Y1, Y2 can be based on simulation results from different companies. Thus we make following proposal for the criterion for triggering the events:
· Proposal #2: Event M2 is triggered at 10% hypothetical BLER with MPDDCH transmission comprising Rmax/X2 and L’max-Y2.
· Proposal #3: Event M1 is triggered at 2% hypothetical BLER with MPDDCH transmission comprising Rmax/X1 and L’max-Y1.

· Proposal #4: The values of X1, X2, Y1, and Y2 are derived based on already conducted simulation results for cat-M1. 
2.3  Agreement on reported information

Following agreement were made with regard to additional information:

	· Upon triggering the event M1/M2, the UE generates a report to the network

· 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 
· It is up to network to configure whether the above information should be included in the report or not, i.e. the reported information will be supported in signaling as optional field 

· FFS whether reporting the requested information depends on UE capability

· The number of bits per reported quantity is [1 or 2].


When the criterion for the new events are met, UE generates a report that is sent to the network. RAN4 has been discussing the benefit of including some additional information in the report. We have presented our view in this regard in our previous papers that is we seen benefit in signalling the recommended values in repetition level, aggregation level and CE mode. We believe, as many other companies [3,4], that this additional information can help the network to adapt the MPDDCH transmission based on decoding performance. We refer to our previous contribution for further reading [3]. This can improve the overall system and UE performance. Thus we prefer option 1.
For example, the UE could report an index that corresponds to a specific set of repetition level and aggregation level that is required for maintaining the link in-sync. The reporting index could be based on a pre-defined table that specifies the relation between repetition level and aggregation level, e.g. like the MPDCCH transmission parameters values in Table 7.19.4-1. Table 1 below shows one example of how such reporting can be done for the new events.

Table 1: A single value (index) is reported by the UE indicating RL and AL’. 

	Value of ‘X’ [dB]
	Repetition level (RL)
	Aggregation level (AL)
	Reported Index

	0
	Rmax
	AL’max
	0

	1
	Rmax/2
	AL’max-1
	1

	2
	Rmax/8
	AL’max-2
	2

	4
	…
	…
	3


It can also be valuable to have two such tables where the signalled values depend on the actual coverage mode. For example, one could have more robust signalling values in enhanced coverage compared to normal coverage.
Moreover, option 1 in the way forward [2] states that the additional information may comprise combined recommended repetition level for MPDDCH with excessive repetition for MPDDCH.  We think this is redundant information since the recommended repetition level can be obtained from the excess information and vice versa. Thus signalling only one of these two can be sufficient and our preference is on recommended repetition level.
It is noteworthy that the additional information included in the report are only recommended or desired values from the UE side. However, it is up to the serving eNodeB to use them for adapting the transmissions.

· Proposal #5: The event M1/M2 report may comprise additional information as follow: 

· Recommended repetition level for MPDDCH 

· Recommended aggregation level for MPDDCH

· Recommended CE mode  
With higher number of bits, more granular information can be reported. And since these are quite much of information, and in order to make the new events more useful, we prefer to use 2 bits for the reporting.

· Proposal #6: 2 bits are used for reporting the additional information in event M1/M2.
Finally, it is believed that the new RLM event names, M1 and M2, can easily be confused with the UE categories M1 and M2. Thus it is proposed to rename the events. Examples, of new event names are: event eQin referring to earlyQin and event eQout referring to earlyQout. Another proposal is pQin referring to pre-Qin and pQout referring to pre-Qout.
· Proposal #7: The current names of event M1 and M2 for the enhanced RLM events are renamed. Some options for new event names are: 
· Option 1: eQin and eQout
· Option 2: pQin and pQout.   
3 Summary

In this contribution, we have discussed the open issues of the new RLM triggering events based on the agreed way forward in last meeting. The open issues include the triggering criterion for the new evetnts, the additional information that can be included in the report and the number bits to use for reporting the additional information. We have provided a discussion on these issues and provided our preference as follows:
· Proposal #1: Enhanced RLM events M1 and M2 are triggered based on current hypothetical MPDDCH BLER targets, but with modified (and improved) MPDDCH transmission parameters.

· Proposal #2: Event M2 is triggered at 10% hypothetical BLER with MPDDCH transmission comprising Rmax/X2 and L’max-Y2.

· Proposal #3: Event M1 is triggered at 2% hypothetical BLER with MPDDCH transmission comprising Rmax/X1 and L’max-Y1.

· Proposal #4: The values of X1, X2, Y1, and Y2 are derived based on already conducted simulation results for cat-M1. 
· Proposal #5: The event M1/M2 report may comprise additional information as follow: 

· Recommended repetition level for MPDDCH 

· Recommended aggregation level for MPDDCH

· Recommended CE mode  

· Proposal #6: 2 bits are used for reporting the additional information in event M1/M2.
· Proposal #7: The current names of event M1 and M2 for the enhanced RLM events are renamed as E1 and E2. 
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