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1. Introduction
In last RAN4 meeting, a wayforward for enhanced RLM in FeMTC was approved in [1], and two key points were captured in this WF, i.e. early Qin/Qout event triggering and information report after event triggering, which is duplicated as below,
	Way forward on triggering events
· 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 

· Companies are encouraged to provide analysis/preference to down-select the options by RAN4#83

	Way forward on reported 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].


In this contribution the remaining issues in approved WF is analysed and proposals are drawn to select the solution for the RLM enhancement for FeMTC.  
2. Discussion on triggering events
In last companies have different viewpoints on Option 1 and Option 2, and the one of the potential issues for option 2 is the hypothetical BLER of MPDCCH room below 2% is very limited, i.e. any threshold value chosen below 2% may make event M2 meaningless to trigger the early Qin before the real Qin happens. So here we would like to check the previous simulation evaluation results to see if the SINR room is really limited below 2% and if it’s true then Option 2 could be rule out for RLM enhancement in FeMTC.
In Intel paper R4-165055, some simulation results could be used for SINR difference checking, and it can be observed that the SINR threshold between 1% and 2% is about 1~1.5dB.
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Even approaching 0%, the SINR difference between 2% and ~0% is about 2dB. For CEModeB, we checked the simulation curves from other companies, e.g. R4-168225, the SINR difference is almost same as CEModeA(1~2dB).
Based on the observations from the previous simulation curves of MPDCCH SINR vs. BLER, the room of SINR below 2% is very limited and it may have ping-pong between event M2 and real In-Sync in this case. Thus, we propose to use Option1 for RLM enhancement.
In Option 1, the transmission parameters for each event is not decided yet, and that also need to check the SINR difference between early event and real Qin/Qout. Based on the previous simulation results(R4-167254), if the transmission parameters of OOS is (Almax, Rmax) = (24, 8), and the transmission parameters of IS could be (8, 4). 
Table 1. Effective SNR threshold for OOS/IS/M1/M2 event(based on the R4-167254)

	
	OOS
	IS
	M1 (early OOS)
	M2 (early IS)

	(AL, Rmax)
	(24, 8)
	(8, 4)
	(16, 4)
	(4, 2)

	SNR (AWGN)
	-13.3
	-5.6
	-10
	-0.5

	SNR (ETU30)
	-11
	-3.1
	-7.3
	2


The absolute difference between different events are listed as below,

Table 2. The absolute SNR difference between different events
	
	OOS - M1
	IS - M2
	M1 - IS 

	Delta SNR (AWGN)
	3.3
	5.1
	4.4

	Delta SNR (ETU30)
	3.7
	5.1
	4.2


The event M1/M2 mechanism will work well w.r.t the transmission parameters in table 1 since each difference is larger than 3dB at least.  

In the approved WF, one example transmission parameters for M2 is (Almax-2, Rmax/8), and based on the above discussion, it could be (Almax-2, Rmax/8) = (8, 1); since increment or deduction of each repetition level will cause SNR change of about 3dB, the SNR for M2 with (8, 1) is about 0.4dB in AWGN which is only 0.9dB difference from M2 with (4, 2). Although the performance of M2 with (8, 1) is not so much different from M2 with (4, 2), the choices for repetition of M2 is quite limited by using Rmax/8.
Thus, we propose to use (Almax -1, Rmax/2) for M1 event and use (Almax-3, Rmax/4) for M2 in Option 1 criterion for RLM enhancement.

Proposal 1: Criterion for triggering events M1 & M2 is:
Trigger event M1 when hypothetical BLER of MPDCCH with transmission parameters (Almax-1, Rmax/2) is greater than 10% percent evaluated over a duration of T_eval_M1

Trigger event M2 when hypothetical BLER of MPDCCH with transmission parameters (Almax-3, Rmax/4) is less than 2% percent evaluated over a duration of T_eval_M2

3. Discussion on reported information after event M1/M2
In the WF it was approved that upon triggering the event M1/M2, the UE generates a report to the network, however the content in the report still needs to be investigated. In the email discussion, some companies propose to use events M1/M2 only to indicate the channel condition to network and then network may take some adjustment to avoid RLF or save the wireless resource. In our understanding, the information of event M1/M2 itself is not enough for network to conduct a precise action, and the reported information after event M1/M2 is really beneficial to network decision.
The benefit we observed is associated with the granularity in the reported information.  The events by themselves just indicate the network that with the current RL and AL configuration the UE is either approaching RLF (early Qout) or has too many resources (early Qin).  However, the network still has to “deduce” whether to adjust the UE’s aggregation level (this results in about a 1 dB shift in performance), repetition level (up to 3 dB impact per level), or change the CE Mode configuration (this is a big change). However, the excess RL can provide this additional information to the network if the reported information is delivered. Suppose the UE is configured for RL=16 in CE Mode A and has triggered early Qin, if the excess number of repetitions is very small (2 or 4), then the network should probably adjust the AL and leave RL as it is or adjust both RL and AL to adapt the physical layer to the link.  If the excess number of repetitions is large (say, 8 or more), then the network can simply reduce the configured RL by 1 level (or even by 2 with an appropriate adjustment of AL).  All of this is up to network implementation, but the eNB cannot make decisions with such fine granularity if it only gets binary feedback based on event M1/M2.

In CE Mode B the capacity gains from such an approach are much more dramatic:  reducing an RL from 512 to 256 is very beneficial, but the network needs to be sure that such a reduction won’t push the UE to RLF (maybe in this case adjusting AL would be one of the better choices to network). Of course network can configure the transmission parameter by implementation-dependent deducing or mapping from the current transmission parameters and CE Mode of target UE, but it might be different from the real situation which UE is experiencing. For instance, the event M1 may be because of low Rmax or ALmax level or because of wrong CE Mode, that is, UE may report higher level of repetition or aggregation in the same CE Mode to avoid OOS or UE may report to change the CE Mode to avoid OOS. However this information cannot be differentiated based on only event trigger without RLM information at the eNB side. So the extra granularity in the feedback gives the network more confidence in the configuration change.  
Moreover, changing CE mode configuration from B to A and vice-versa is also a big deal for the network, because so many RRM configurations are impacted; so the network needs to have high confidence in the decision.
Based on the above analysis, we propose to support report of following information:

Proposal 2:

As long as UE declares to support RLM enhancement, UE shall be capable to report the following information if configured by network:

· Combined recommended repetition for MPDCCH with excessive repetition for MPDCCH

· Recommended aggregation level for MPDCCH

· Recommended CE mode
One LS[2] is needed to let RAN2 know the progress in RAN4.

4. Conclusions

In this contribution the remaining issues in approved WF is analysed and proposals are drawn to select the solution for the RLM enhancement for FeMTC.  One LS[2] is needed to let RAN2 know the progress in RAN4.
Proposal 1: Criterion for triggering events M1 & M2 is:
Trigger event M1 when hypothetical BLER of MPDCCH with transmission parameters (Almax-1, Rmax/2) is greater than 10% percent evaluated over a duration of T_eval_M1.
Trigger event M2 when hypothetical BLER of MPDCCH with transmission parameters (Almax-3, Rmax/4) is less than 2% percent evaluated over a duration of T_eval_M2.

Proposal 2:

As long as UE declares to support RLM enhancement, UE shall be capable to report the following information if configured by network:

· Combined recommended repetition for MPDCCH with excessive repetition for MPDCCH

· Recommended aggregation level for MPDCCH

· Recommended CE mode
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