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1 Introduction
The RRM core part of Rel-13 WI “Further LTE Physical Layer Enhancements for MTC” [1] was completed in RAN4#78. One remaining issue to be further discussed as captured in the agreed WF [2] is the RLM requirements. In [2] it is proposed that 

	RAN4 is to study the feasibility of using lower agregation level for eMTC. Based on the outcome of such study, if lower AL is needed then RAN4 will revise the AL for eMTC.  


In this paper, based on M-PDCCH simulation results, we will continue to discuss this remaining issues of eMTC RLM.
2 Discussion
In the latest specification, the transmission parameters for the hypothetic M-PDCCH transmission used for eMTC RLM are defined in Table 7.19.2-1 and Table 7.19.4-1, for CE Mode A and Mode B respectively.
Table 7.19.2-1 M-PDCCH transmission parameters for out-of-sync and in-sync for UE category M1 with CE mode A
	Attribute
	Out-of-sync
	In-sync

	DCI format
	6-1A
	6-1A

	Starting OFDM symbols
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz

	Maximum M-PDCCH repetition level 
	RNote1
	R/2 Note1

	Aggregation level (ECCE)
	[24]
	[8]

	M-PDCCH Transmission type
	Distributed
	Distributed

	NOTE 1:
R is a configurable parameter defined in 36.331 and R>1.


Table 7.19.4-1 M-PDCCH transmission parameters for out-of-sync and in-sync for UE category M1 with CE mode B
	Attribute
	Out-of-sync
	In-sync

	DCI format
	6-1B
	6-1B

	Starting OFDM symbols
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz

	Maximum M-PDCCH repetition level
	RNote1
	R/2Note1

	Aggregation level (ECCE)
	[24]
	[24]

	M-PDCCH Transmission type
	Distributed
	Distributed

	NOTE 1:
R is a configurable parameter defined in 36.331 and R>1.


Unlike legacy PDCCH for which the aggregation level (AL) of candidate transmissions monitored by the UE is fixed in the spec, for M-PDCCH the coverage level is depending on the combination of AL and repetition level (RL), and more importantly, both parameters are configurable by network.  
From UE behaviour point of view, the assumption of M-PDCCH transmission parameters used for RLM should be aligned to the network configuration. For example, if the max {AL,RL} configured for a UE 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. This is clearly not the desired target of RLM.

Observation 1: From UE behaviour point of view, the AL assumption of M-PDCCH transmission parameters used for RLM should be aligned to the network configuration. 

RL is already defined to follow the network configuration, but AL is still fixed in the latest specification. We proposed in RAN4#78 [3] to define AL to also follow network configuration, but there are concerns from some companies whether enough separation between Qin and Qout can be maintained when smaller AL is used. Therefore, it was agreed in [2] that RAN4 to further study the M-PDCCH performance, and check the feasibility of using lower aggregation level for eMTC RLM.

We conducted link level simulations to evaluate the M-PDCCH performance with different combinations of (AL,RL). The simulation assumption can be found in the Annex. Table 1 and Table 2 below summarize the results for Mode A and Mode B, respectively.
Table 1: M-PDCCH performance for CE Mode A
	(AL,RL)
	Verification point
	Channel Model

	
	
	AWGN
	ETU30

	(24,8)
	10%
	-12.8
	-11.0

	
	2%
	-12.0
	-9.2

	(16,8)
	10%
	-12.0
	-10.0

	
	2%
	-11.2
	-8.3

	(16,4)
	10%
	-10.2
	-8.0

	
	2%
	-9.1
	-5.9

	(8,4)
	10%
	-8.7
	-6.0

	
	2%
	-7.5
	-3.2


Table 2: M-PDCCH performance for CE Mode B
	(AL,RL)
	Verification point
	Channel Model

	
	
	AWGN
	ETU1

	(24,256)
	10%
	-20.8 (est.)
	-19.1

	
	2%
	-19.8
	-17.8

	(24,128)
	10%
	-18.9
	-17.9

	
	2%
	-18.2
	-16.0

	(16,256)
	10%
	-19.8
	-18.6

	
	2%
	-19.1
	-17.0

	(16,128)
	10%
	-18.4
	-17.0

	
	2%
	-17.5
	-15.3

	(8,128)
	10%
	-16.9
	-15.2

	
	2%
	-16.2
	-13.1


As AWGN is the most challenging channel, we summarize the separation between SNR to meet 10% BLER with (AL,RL) and the SNR to meet 2% BLER with (AL-1,RL/2) as below, where AL-1 means the next aggregation level below AL.
· 3.7dB gap between Qout with (24,8) and Qin with (16,4) for Mode A

· 4.5dB gap between Qout with (16,8) and Qin with (8,4) for Mode A

· 3.3dB gap between Qout with (24,256) and Qin with (16,128) for Mode B

· 3.6dB gap between Qout with (16,256) and Qin with (8,128) for Mode B

With current requirement, the gap would be 5.3dB between Qout with (24,8) and Qin with (8,4) for Mode A, but we would also note that the gap is only 2.6dB between Qout with (24,256) and Qin with (24,128) for Mode B. If that is considered to be acceptable, we think the separation between Qout with (AL,RL) and Qin with (AL-1,RL/2) is also sufficiently large. Therefore, for eMTC RLM (AL,RL) can be used for Qout and (AL-1,RL/2) can be used for Qin.

Observation 2: There is enough separation between Qout with (AL,RL) and Qin with (AL-1,RL/2). 
Proposal: (AL,RL) assumption used for RLM should follow network configuration. UE should derive Qout with (AL,RL) and derive Qin with (AL-1,RL/2).
3 Conclusions 

In this paper, we studied the feasibility to define AL as a variable following network configuration. In particular, we provided simulation results to evaluate the separation between Qout and Qin with different combinations of (AL,RL).   
We have the following observations and proposal:

Observation 1: From UE behaviour point of view, the AL assumption of M-PDCCH transmission parameters used for RLM should be aligned to the network configuration.

Observation 2: There is enough separation between Qout with (AL,RL) and Qin with (AL-1,RL/2).
Proposal: (AL,RL) assumption used for RLM should follow network configuration. UE should derive Qout with (AL,RL) and derive Qin with (AL-1,RL/2).

Proposal 2: RAN4 to discuss for which coverage level or levels (in terms of RL and possibly AL) test cases should be defined. Our preference for RL is 16 for Mode A and 256 for Mode B.  
The companion CRs are also submitted in [4]. 
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5 Annex

The table below lists the simulation assumptions used in the paper.
	Parameter
	M-PDCCH (CE Mode A)
	M-PDCCH (CE Mode B)

	DCI format
	DCI Format 6-1A
	DCI Format 6-1 B

	System Bandwidth
	10 MHz
	10 MHz

	Channel model
	AWGN

ETU 30 Hz
	AWGN

ETU 1 Hz

	Antenna configuration: 2 cases
	2x1
	2x1

	Number of information bits (incl. 16 bits CRC)
	FDD: 2Tx TM2 28
	FDD: 2Tx TM2 18

	Antenna correlation
	Low
	Low

	Aggregation level (CCE/ECCE), Repetition level
	{24,8}, {16,4}, {16,8}, {8,4}
	(24, 256), (16, 128), (16, 256), (8, 128) and (24, 128)

	Starting OFDM symbols (CFI)
	2
	2

	Frequency hopping
	OFF
	OFF

	Number of PRB
	2 for Aggregation level = 4, 8

4 for Aggregation level = 4, 8, 16

2+4 for Aggregation level =24
	4 for Aggregation level = 8, 16

2+4 for Aggregation level =24

	Transmission type configured to UE
	Distributed
	Distributed

	DMRS scrambling sequence initialisation parameter for UE-SS
	PCID = 1
	PCID = 1

	Channel Estimation
	DMRS based
	DMRS based

	UE residual frequency error
	50 Hz
	100 Hz


