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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. One important aspect of RAN4 discussion is the core requirement for RLM of LC/EC UE (eMTC UE). 
In RAN4#77AH-IoT made good progresses in the eMTC RRM/RLM. The RLM related agreements in the Chainman Notes and the agreed WF [2] are copied below.
	· RLM:
· Cat-M1 CE Mode A Qin/Qout are derived from 2%/10% BLER of hypothetical M-PDCCH transmission.
· Cat-M1 CE Mode B Qin/Qout are derived from 2%/10% BLER of hypothetical M-PDCCH transmission.
· For the normal coverage, the out-of-syn is [400]ms and in-sync [200]ms in non-DRX

· Maximum number of repetition for M-PDCCH is configurable parameter, and for out-of-sync the number is M and for in-sync the number is M-1;

· For the enhanced coverage, the numbers of time period for out-of-sync and in-sync are kept TBD in the CR.

· Maximum number of repetition for M-PDCCH is configurable parameter, and for out-of-sync the number is R and for in-sync the number is R/2;

In Chainman Notes: 

Agreements: need more study on aggregation level:
· Aggregation level

· CEModeA: [24] for OoS and [8] for InS 

· CEModeB [24] for OoS and [24] for InS
· Resolve remaining TBDs in the CRs

· TBDs in RLM requirements for enhanced coverage needs to be resolved. 


Regarding the aggregation level (AL) for eMTC RLM, it was agreed that more study is needed.
In this paper, we will discuss the remaining issues of eMTC RLM, including the AL assumption of M-PDCCH transmission and the L1 evaluation period requirement.
2 Discussion
AL assumption in RLM requirements
eMTC RLM is same as legacy RLM in the sense that the UE L1 link quality indications are based on a comparison between SINR level measured on CRS and a threshold derived corresponding to BLER of a hypothetic control channel transmission. The principle in determining the control channel transmission parameters in legacy requirements is that for OoS UE should assume control channel is transmitted with best coverage (AL=8 for PDCCH), and for IS UE should assume a reduced coverage level (AL=4 for PDCCH).

We think the same principle should be re-used for eMTC RLM requirements, but unlike legacy PDCCH for which the AL of candidate transmissions monitored by the UE is fixed in the spec, for M-PDCCH the coverage level of candidate transmissions is depending on the combination of AL and repetition level (RL), and more importantly, both parameters are configurable by network. The M-PDCCH candidates that UE shall monitor are defined in the Table 9.1.5-1a/b and 9.1.5-2a/b in [3]. The tables are copied in the Annex for convenience.  
Although UE RLM behaviour is based on hypothetic M-PDCCH transmission, it is clear that the assumption of the transmission parameters should be aligned to the network configuration. For example, if the max {AL,RL} configured for a UE in Mode A is {8,64}, but UE only triggers OoS corresponding to {24,64}, there will be a large area where UE would stay in the cell while not being able to receive anything from the cell, and the network can only rely on HARQ DTX to detect such situation. This is clearly not the desired target of RLM.
In [2] the RL of the hypothetic M-PDCCH transmission is already aligned to the network configuration. However, the AL is fixed. It was agreed during RAN4#77AH-IoT meeting [4] that “need more study on aggregation level”. As can be seen in [3] the maximum AL is depending on the number of PRB pairs in M-PDDCH configurations. If the number of PRBs is 2/4/6 the maximum AL is 8/16/24. Thus, it is more reasonable to determine the AL for RLM requirements based on the RRC configured number of PRB pairs.

Proposal 1: AL used in RLM requirements should be determined based on the RRC configured number of PRB pairs instead of fixed in spec. When the number of PRB pairs for M-PDCCH is 2/4/6, the corresponding AL should be 8/16/24.   
L1 evaluation period in RLM requirements
In RLM UE should measure the link quality from CRS, and the indicator of the link quality is SINR. Although not explicitly defined in the spec, we understand the SINR measured for RLM is very similar to the RS-SINR. The measurement requirements for RS-SINR have already been specified in RAN4, and the L1 measurement period is defined as same as that for RSRP/RSRQ measurement. In legacy RLM requirement, the evaluation period (for OoS) is also defined as same as L1 measurement period.
In [2] the L1 evaluation period for RLM in Mode A is defined. The requirements for non-DRX are relaxed (doubled) compared to Cat-0 requirements, although it is expected that the measurement performance in Mode A is similar to legacy. We understand the relaxation may come from the fact that eMTC UE is with further reduced cost of Cat-0 UE, and we think the same relaxation can be applied also to Mode B, but no further relaxation should be allowed. 
In the endorsed CR from RAN4#77AH-IoT [5], for Mode B the L1 measurement period is defined as 800ms for non-DRX. This is based on the RAN4 simulation evaluation of RSRP/RSRQ measurement performance, from which the observation is that the number of samples needed is doubled in enhanced coverage (Mode B) compared to normal coverage (Mode A). Applying the same relaxation as for Mode A, the L1 evaluation period should be defined as 1600ms for Mode B non-DRX, and as in the tables below for DRX case.
Table 1: Qout and Qin Evaluation Period in DRX for FD-FDD and TDD UE category M1 in Mode B
	DRX cycle length (s)
	TEvaluate_Qout_DRX_CatM1 and TEvaluate_Qin_DRX_CatM1 (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in clause 7.17.2.1 are applicable.

	0.01 < DRX cycle ≤0.04
	Note (160)

	0.04 < DRX cycle ≤ 0. 64
	Note (80)

	0.64 < DRX cycle ≤ 2.56
	Note (40)

	Note:
Evaluation period length in time depends on the length of the DRX cycle in use


Table 2: Qout and Qin Evaluation Period in DRX for HD-FDD UE category M1 in Mode B
	DRX cycle length (s)
	TEvaluate_Qout_DRX_M1  and TEvaluate_Qin_DRX_M1  (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in clause 7.17.2.1 are applicable.

	0.01 < DRX cycle ≤0.04
	   Note (320)

	0.04 < DRX cycle ≤ 0. 16
	   Note (160)

	0. 16 < DRX cycle ≤ 0.64
	   Note (80)

	0.64 < DRX cycle ≤ 2.56
	    Note (40)

	Note:
Evaluation period length in time depends on the length of the DRX cycle in use


Proposal 2: L1 evaluation period should be defined as 1600ms for Mode B non-DRX, and as in the Table 1 and 2 for DRX case.  
3 Conclusions 

In this paper, we discussed the remaining issues for eMTC RLM requirements. For the AL assumption of the M-PDCCH, we think it should be based on network configuration, like for RL. For the L1 evaluation period, we made our proposal for Mode B in the same way as for Mode A. 
We have the following proposals:

Proposal 1: AL used in RLM requirements should be determined based on the RRC configured number of PRB pairs instead of fixed in spec. When the number of PRB pairs for M-PDCCH is 2/4/6, the corresponding AL should be 8/16/24.
Proposal 2: L1 evaluation period should be defined as 1600ms for Mode B non-DRX, and as in the Table 1 and 2 for DRX case.
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5 Annex
The M-PDCCH candidates that UE shall monitor are defined in the Table 9.1.5-1a/b and 9.1.5-2a/b of 36.213.

Table 9.1.5-1a: MPDCCH candidates monitored by a UE 
(CEModeA, MPDCCH-PRB-set size – 2PRBs or 4PRBs)
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Table 9.1.5-1b: MPDCCH candidates monitored by a UE 
(CEModeA, MPDCCH-PRB-set size – 2+4PRBs)

	MPDCCH PRB set
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Table 9.1.5-2a: MPDCCH candidates monitored by a UE 
(CEModeB, MPDCCH-PRB-set size – 2PRBs or 4PRBs)
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Table 9.1.5-2b: MPDCCH candidates monitored by a UE 
(CEModeB, MPDCCH-PRB-set size – 2+4PRBs)
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