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1 Introduction

In the last RAN4 meeting, the work item “Low cost & enhanced coverage MTC UE for LTE” was discussed. And the simulation assumption to investigate RLM performance for LC-MTC with 1Rx was agreed [1]. 
In this paper RLM link level simulation results based on the agreed simulation assumption in [1] are presented and some further considerations on RLM testing parameters of the low cost MTC UE with 1 Rx are also provided. 

2 Simulation results
The simulations assumptions for in-sync(IS) and out-of-sync(OOS) based on [1] are shown in table 1 and table 2 respectively:
Table 1: PDCCH/PCFICH transmission parameters for in-sync
	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration: 2 cases
	1x1 and 2x1

	Antenna correlation
	Low

	Channel model
	AWGN, ETU30 and ETU70

	Aggregation level (CCE)
	4, 8

	Control channel space
	2 symbols

	Ratio of PDCCH/PCFICH RE energy to average RS RE energy
	(0 dB) for (1x1) antenna configuration

(-3 dB) for (2x1) antenna configuration

	DRX
	OFF

	L1 evaluation period: 2 cases
	100 ms, 200 ms

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 2: PDCCH/PCFICH transmission parameters for out-of-sync
	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration: 2 cases
	1x1 and 2x1

	Antenna correlation
	Low

	Channel model
	AWGN, ETU30 and ETU70

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

	Ratio of PDCCH/PCFICH RE energy to average RS RE energy
	(4 dB) for (1x1) antenna configuration
(1 dB) for (2x1) antenna configuration

	DRX
	OFF

	L1 evaluation period: 2 cases
	200 ms, 400 ms

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


The simulation results of in-sync(IS) and out-of-sync(OOS) are given in the Figure1 and Figure 2 respectively.
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Figure 1a. 
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Figure 1b.
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Figure 2a.
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Figure 2b.


Table 1. RLM simulation results of LC-MTC for in-sync test
	Channel model
	Antenna configuration
	((A, (B)
	DCI
	Aggregation level (CCE)
	Verification point
	SNR(dB)

	AWGN
	1x1

	0dB
	1C
	4
	2%
	-3.9

	
	
	0dB
	1C
	8
	2%
	-5.0

	
	2x1

	-3dB
	1C
	4
	2%
	-4.5

	
	
	-3dB
	1C
	8
	2%
	-5.8

	ETU 30 Hz

	1x1

	0dB
	1C
	4
	2%
	0.4

	
	
	0dB
	1C
	8
	2%
	-1.0

	
	2x1

	-3dB
	1C
	4
	2%
	-2.5

	
	
	-3dB
	1C
	8
	2%
	-3.7

	ETU 70 Hz

	1x1

	0dB
	1C
	4
	2%
	0.4

	
	
	0dB
	1C
	8
	2%
	-1.0

	
	2x1

	-3dB
	1C
	4
	2%
	-2.5

	
	
	-3dB
	1C
	8
	2%
	-3.7


Table 1. RLM simulation results of LC-MTC for out-sync test
	Channel model
	Antenna configuration
	((A, (B)
	DCI
	Aggregation level (CCE)
	Verification point
	SNR(dB)

	AWGN

	1x1
	4dB
	1A
	8
	10%
	-6.8

	
	2x1
	1dB
	1A
	8
	10%
	-9.5

	ETU 30 Hz

	1x1
	4dB
	1A
	8
	10%
	-2.9

	
	2x1
	1dB
	1A
	8
	10%
	-6.9

	ETU 70 Hz

	1x1
	4dB
	1A
	8
	10%
	-3

	
	2x1
	1dB
	1A
	8
	10%
	-6.9


Observation 1: RLM performances of ETU-30 are very close to that of ETU-70. 
Proposal 1:  Only ETU-70 case shall be tested instead of two fading channels.
Observation 2: Even though it is desirable to make the SNR thresholds in OOS and IS tests (denoted as Qout and Qin respectively) independent with the receiver type including receiver antenna configuration, it seems quite challenging to achieve this by adjusting either the number of CCEs or ((A, (B [3]). For the case of out-of-sync, the performance differences due to transmit diversity in both AWGN and the fading channels are to large (e.g. >3dB when OOS in ETU70) to be compensated by PDCCH/PCFICH transmission parameters (e.g. CCE and PDCCH/PCFICH to RS power ratio).
Proposal 2:  The Qout  and Qin shall be specified for 1x1 and 2x1 separately for low-cost MTC RLM tests for AWGN and fading channels. 
Based on the observation above, we propose:
Proposal 3:  Based on the simulations of OOS and IS above, it is proposed Qout  and Qin for low-cost MTC can be as :

	
	Channel 
model
	Antenna configuration
	((A, (B)
	DCI
	Aggregation level (CCE)
	Verification point
	SNR(dB)

	OOS


	AWGN

	1x1
	4dB
	1A
	8
	10%
	-6.8

	
	
	2x1
	1dB
	1A
	8
	10%
	-9.5

	
	ETU70

	1x1
	4dB
	1A
	8
	10%
	-4

	
	
	2x1
	1dB
	1A
	8
	10%
	-6.9

	IS
	ETU70
	1x1
	0dB
	1C
	8
	2%
	-1.0

	
	
	2x1
	-3dB
	1C
	8
	2%
	-3.7


3 
Conclusion

In this contribution RLM simulation results for low cost MTC with 1Rx are presented. The following proposals can be drawn as:
Proposal 1:  Only ETU-70 case shall be tested instead of two fading channels.

Proposal 2:  The Qout  and Qin shall be specified for 1x1 and 2x1 separately for low-cost MTC RLM tests for AWGN and fading channels. 

Proposal 3:  Based on the simulations of OOS and IS above, it is proposed Qout  and Qin for low-cost MTC can be as :

	
	Channel 
model
	Antenna configuration
	((A, (B)
	DCI
	Aggregation level (CCE)
	Verification point
	SNR(dB)

	OOS


	AWGN

	1x1
	4dB
	1A
	8
	10%
	-6.8

	
	
	2x1
	1dB
	1A
	8
	10%
	-9.5

	
	ETU70

	1x1
	4dB
	1A
	8
	10%
	-4

	
	
	2x1
	1dB
	1A
	8
	10%
	-6.9

	IS
	ETU70
	1x1
	0dB
	1C
	8
	2%
	-1.0

	
	
	2x1
	-3dB
	1C
	8
	2%
	-3.7
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