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1 Introduction
Rel-13 WI on further MTC enhancements [1] has been discussed in several RAN4 meetings, and the impacts due to introduction of LC/EC have been addressed for several RRM requirements, including RSRP/RSRQ measurement and cell identification. In last meeting, radio link monitoring (RLM) was shortly discussed, but no related agreement was made.  

In this paper, we will provide our views on the radio link monitoring for LC/EC MTC.
2 Discussion

RLM is a mobility mechanism supported from the beginning of LTE, with the target to allow UE to detect the radio link problem by monitoring SINR on the CRS of its serving cell. In current requirement, UE shall indicate out-of-sync and in-sync to its higher layer when the estimated SINR becomes below and above the thresholds Qout and Qin. Qout and Qin are SNR levels corresponding to the 10% and 2% BLER of the hypothetical PDCCH transmissions, respectively, with the transmission parameters explicitly defined in the core requirements. Qout and Qin are left to UE implementation, but in the test cases, some SNR levels are defined based on Qout and Qin with margins to account for the variance in the UE estimation. An example is shown in Figure 1.
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Figure 1: Example of 5 SNR levels in the RLM test case
For LC/EC MTC, a straightforward starting point is to re-use the same mechanism, but define new transmission parameters of the newly introduced M-PDCCH in the core requirements, as well as new corresponding SNR levels in the test cases. However, there are several specific issues related to EC as discussed as follows.

Estimation period and accuracy

The key component of the RLM mechanism is UE estimating the SINR of the serving cell from CRS, and UE would average across multiple L1 samples in order to get an accurate estimation. The estimation time for RLM is 200ms and 100ms for out-of-sync and in-sync in non-DRX case, and 5-20 DRX cycles in DRX case. There is no accuracy requirement on the SINR estimation, however, in the test case, the margins used from Rel-8 are shown in Table 1. 

Table 1: Margins used in Rel-8 RLM test cases
	
	AWGN
	ETU70

	Out-of-sync
	2
	3

	In-sync
	2
	2.5


In our understanding the SINR estimation for RLM is similar to RSRP/RSRQ measurement. For measurement, RAN4 made some observation regarding the accuracy performance in [2] and a WF on the requirement specification was agreed in [3]. With similar estimation technique and extension of the estimation period, we believe the same conclusion also applies for SINR estimation for RLM, i.e. current accuracy (although not explicitly specified) can be achieved for SNR level down to an SNR level, and some relaxation is needed for SNR below that level (deep EC).   

Depending on the achievable accuracy in deep EC, RAN4 can evaluate the feasibility of RLM in deep EC. If the accuracy is very poor, it may not be meaningful for UE to manage the connection based on it. Even if it is considered as feasible, e.g. the accuracy degradation is not significant, RAN4 still needs to discuss the margins in the test cases.  
Proposal 1: RAN4 should evaluate the feasibility of RLM in terms of estimation accuracy in deep EC. In case it’s considered as feasible, the SNR margin for the test cases should be re-visited.

Proposal 2: The RLM evaluation period for EC is defined based on the RSRP/RSRQ measurement period.

Multiple CE levels

In RLM, the Qout and Qin are heavily depending on the PDCCH transmission parameters. In Rel-8 a cell only has a single coverage level, but for Rel-13 LC/EC MTC, a cell can support at least a coverage corresponding a non-zero CE level, in addition to the normal coverage. Multiple CE levels can also be supported by a cell depending on network implementation, and it is obvious that each supported CE level (including zero CE and multiple non-zero CE levels) will lead to a different set of M-PDCCH transmission parameters, in particular the aggregation level and repetition level of M-PDCCH. Therefore, it is a question for which CE level the UE should perform RLM. 

The problem is related to UE behaviour, so more like a RAN2 issue, and RAN2 has reached the following agreement in RAN2#91bis. 

The UE shall trigger Radio Link Failure when the radio link can no longer be maintained. It should be possible for the criteria to reflect the extended coverage level of the cell. (Criteria for RLF detection are FFS)   
We understand that the RAN2 agreement means RLM (if defined) is corresponding to the largest CE level supported by the serving cell. For example, if the cell can support EC, there is no need for UE to perform RLM for NC. This should be captured in the core requirements in 36.133. On the other hand, if RAN2 is going to define some mechanism similar to RLM for smaller CE levels, RAN4 can consider defining performance requirements also, but we think the current focus should be on RLM.

Proposal 3: UE should perform RLM corresponding to the largest CE level supported by the serving cell. This should be captured in the core requirements. 

Although from UE behaviour point of view, RLM is only performed for the largest CE level, from RAN4 performance requirement and test point of view, we cannot define requirement and test for a single fixed CE level, as the largest CE level supported by a cell is up to the network implementation. A Reasonable approach in our view is to define core requirements (M-PDCCH transmission parameters) and test cases (SNR levels, or equivalently Qout/Qin and the margins) for the most typical CE levels, e.g. one for NC, one for shallow EC and one for deep EC (if considered as feasible). 
The approach in our view is that RAN4 first decides the M-PDCCH transmission parameters for different CE levels, which correspond to the network configuration for the cell edge UE under its largest CE level. Then from simulation of M-PDCCH demod performance, RAN4 can agree on the SNR levels for Qout/Qin and define the test cases accordingly.  

Proposal 4: RAN4 should define RLM requirements and test cases for some typical CE levels
· M-PDCCH transmission parameters are defined considering best network support for coverage

·  Qout/Qin levels are derived from M-PDCCH demod simulations 

In order for RAN4 to simulate the link level performance under the assumed typical CE levels, the exact M-PDCCH transmission parameters should be aligned. On one hand, RAN4 needs to wait for RAN1 decision on the supported DCI sizes, and repetition numbers corresponding to different CE levels. On the other hand, RAN4 can discuss other parameters like assumptions on aggregation level, frequency hopping, channel estimation and transmit power. For RLM requirements, our preferred assumptions are max aggregation level 24, frequency hopping and cross-subframe channel estimation are enabled, and no power boosting for M-PDCCH.
Proposal 5: For M-PDCCH transmission parameters, RAN4 should assume max aggregation level, no power boosting and that frequency hopping and cross-subframe channel estimation are enabled.       
3 Conclusions 

In this paper, we provided our views on the RLM for LC/EC MTC. Some specific issues of EC are discussed, including the accuracy of the SINR estimation and different CE levels. Specifically, we have the following observations and proposals.
Proposal 1: RAN4 should evaluate the feasibility of RLM in terms of estimation accuracy in deep EC. In case it’s considered as feasible, the SNR margin for the test cases should be re-visited.

Proposal 2: The RLM evaluation period for EC is defined based on the RSRP/RSRQ measurement period.

Proposal 3: UE should perform RLM corresponding to the largest CE level supported by the serving cell. This should be captured in the core requirements. 

Proposal 4: RAN4 should define RLM requirements and test cases for some typical CE levels

· M-PDCCH transmission parameters are defined considering best network support for coverage

· Qout/Qin levels are derived from M-PDCCH demod simulations
Proposal 5: For M-PDCCH transmission parameters, RAN4 should assume max aggregation level, no power boosting and that frequency hopping and cross-subframe channel estimation are enabled.       
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