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1 Introduction

In last RAN4 meeting, a way forward on RLM requirements for LC-MTC was agreed in [1], and the following agreements were reached:
· On PDCCH/PCFICH Parameters for OOS and INS: 

· Enhanced PDCCH/PCFICH parameters need to be defined for LC-MTC:

· For INS, the ratio of PDCCH RE energy to average RS RE energy is:

· 4 dB;  when single antenna port is used for cell-specific reference signal transmission by the PCell.

· when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.
· [4dB], and other options are not excluded.
· For INS, the ratio of PDCCH RE energy to average RS RE energy is:

· [FFS] dB; when single antenna port is used for cell-specific reference signal transmission by the PCell 

· when two or four antenna ports are used for cell-specific reference signal transmission by the Pcell 

· [1dB], and other options are not excluded.
· Both for OOS and INS, the “Ratio of PCFICH RE energy to average RS RE energy” of legacy UE is reused. 

· On RLM evaluation period: 

· Whether extend the RLM period or not is FFS

· Companies are encouraged to study this issue from RLM performance, legacy UE implementation impact, and power-saving perspectives, etc.

In this paper, we provide our further simulation results of 1Rx RLM to investigate different ratio of PDCCH/PCFICH RE energy to average RS RE energy for in-sync with 1Tx and different RLM evaluation period. And the RLM requirements for low-cost MTC are proposed in this contribution. 
2 Discussion on RLM requirements for LC-MTC
2.1 Simulation Assumptions
During last RAN4 meeting, the enhanced PDCCH/PCFICH parameters were defined for LC-MTC UEs in [1]. However, the PDCCH power boosting value for in-sync with 1Tx needs to be further studied for LC-MTC. As defined in 36.104, the upper limit of RE power control dynamic range for PDCCH is 4dB. Hence, 0dB ~ 4dB power boosting for PDCCH is simulated for in-sync when single antenna port is used for cell-specific reference signal transmission. For the RLM simulation parameters, the important parameters are summarized in table 1 and table 2.
Table 1  PDCCH/PCFICH transmission parameters for out-of-sync
	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

	Channel
	AWGN, ETU30, ETU70

	Ratio of PDCCH RE energy to average RS RE energy
	1Tx
	4dB

	
	2Tx
	4dB

	Ratio of PCFICH RE energy to average RS RE energy
	1Tx
	4dB

	
	2Tx
	1dB

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].

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


Table 2  PDCCH/PCFICH transmission parameters for in-sync
	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	4

	Channel
	AWGN, ETU30, ETU70

	Ratio of PDCCH RE energy to average RS RE energy
	1Tx
	(0dB, 1dB, 2dB, 3dB, 4dB)

	
	2Tx
	1dB

	Ratio of PCFICH RE energy to average RS RE energy
	1Tx
	4dB

	
	2Tx
	1dB

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].

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


2.2 PDCCH/PCFICH Performance 
Based on the simulation assumptions defined in table 1 and table 2, the PDCCH/PCFICH performance for out-of-sync and in-sync are shown in figure 1-6. In the legend, “PDCCH_RA = x dB” indicates that the ratio of PDCCH RE energy to average RS RE energy is x dB. “1Tx” and “2Tx” stands for single CRS antenna port and for dual CRS antenna port, respectively. “x CCE” indicates the aggregation level used for PDCCH transmission. 
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Figure 1.  PDCCH/PCFICH performance in AWGN with 1Tx
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Figure 2.  PDCCH/PCFICH performance in ETU30 with 1Tx
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Figure 3.  PDCCH/PCFICH performance in ETU70 with 1Tx
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Figure 4.  PDCCH/PCFICH performance in AWGN with 2Tx
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Figure 5.  PDCCH/PCFICH performance in ETU30 with 2Tx
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Figure 6.  PDCCH/PCFICH performance in ETU70 with 2Tx
Based on the PDCCH/PCFICH performance shown in figure 1-6, the SNR level of Qout/Qin are summarized in table 3. When single antenna port is used for cell-specific reference signal transmission, different power boosts for PDCCH are simulated for in-sync with 1Tx.
Table 3  SNR value of Qin/Qout with 1Tx
	Channel
	1Tx, 1Rx
	2Tx, 1Rx

	
	Qout (dB)
	Qin (dB)
	Qout (dB)
	Qin (dB)

	
	DCI-1A, PDCCH_RA = 4 dB
	DCI-1C, PDCCH_RA = 0 dB
	DCI-1C, PDCCH_RA = 1 dB
	DCI-1C, PDCCH_RA = 2 dB
	DCI-1C, PDCCH_RA = 3 dB
	DCI-1C, PDCCH_RA = 4 dB
	DCI-1A, PDCCH_RA = 4 dB
	DCI-1C, PDCCH_RA = 1 dB

	AWGN
	-9.36
	-4.28
	-5.27
	-6.23
	-7.19
	-8.14
	-11.64
	-8.08

	ETU30
	-6.24
	-0.97
	-1.85
	-2.61
	-3.29
	-3.95
	-9.01
	-5.37

	ETU70
	-6.22
	-1.11
	-1.82
	-2.55
	-3.36
	-4.12
	-8.96
	-5.45


From the simulation results in table 3, it could be observed that the SNR level difference between Qout and Qin is more than 3.5dB when dual antenna port is used for cell-specific reference signal transmission. In [2~4], based on the methodologies for deriving the SNR values of RLM test cases in Rel-8/10/11, it could be deduced that the SNR level difference between Qout and Qin was more than 3.5dB, which should be considered while defining RLM measurement requirements in LC-MTC scenario. Based on this analysis, the following is proposed:
Proposal 1: For in-sync, the ratio of PDCCH RE energy to average RS RE energy is [1] dB, when single antenna port is used for cell-specific reference signal transmission by the PCell.
2.3 Out-of-Sync/In-Sync Reporting Rate 
The UE estimates the downlink link quality based on the CRS of serving cell, which means that UE uses received CRS quality mapping to a downlink link quality of serving cell. For a specific condition, the threshold of Qout/Qin could correspond to a certain SNR level. Based on the proposal in section 2.2, [1] dB PDCCH power boost is used for in-sync with 1Tx, and other PDCCH/PCFICH transmission parameters are defined in section 2.1.
The performances for out-of-sync and in-sync reporting ratios are shown in figure 7-12. In the legend, “x ms” indicates time interval between two consecutive RLM operations. The same number of samples for link quality evaluation is used for different time intervals.
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Figure 7.  Out-of-sync/in-sync reporting rate in AWGN with 1Tx
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Figure 8.  Out-of-sync/in-sync reporting rate in AWGN with 2Tx
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Figure 9.  Out-of-sync/in-sync reporting rate in ETU30 with 1Tx

[image: image10.emf]-14 -12 -10 -8 -6 -4 -2 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

OOS/INS Rate Performance: BW=10MHz, ETU30, 2Tx

Serving Cell Geometry (dB)

Reporting Rate

 

 

OOS, 10ms

OOS, 20ms

OOS, 40ms

INS, 10ms

INS, 20ms

INS, 40ms


Figure 10.  Out-of-sync/in-sync reporting rate in ETU30 with 2Tx
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Figure 11.  Out-of-sync/in-sync reporting rate in ETU70 with 1Tx
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Figure 12.  Out-of-sync/in-sync reporting rate in ETU70 with 2Tx

The legacy UEs need to assess the radio link quality every radio frame, i.e. every 10ms, as defined in TS 36.213. However, low-cost MTC UEs are applied in low mobility scenarios and developed to have the possibility to be cost competitive. Hence, it might not be necessary for low-cost MTC UEs to perform the link quality evaluation so frequently. For UE power saving, the extended sampling rate could be investigated. 

From the simulation results shown in figure 7-12, when the number of sampling CRS values used for link quality evaluation is not changed, the out-of-sync/in-sync reporting rate with 20ms or 40ms sampling period is maintained at the rate with 10ms sampling period. Based on this observation, the following proposal is given:
Proposal 2: Extended sampling rate of out-of-sync and in-sync evaluations could be defined for LC-MTC UEs for power saving, e.g. 20ms sampling period could be adopted.
3 Conclusion

In this contribution, we give our further discussion for the simulation results for 1Rx RLM in LC-MTC. Based on the analysis in this paper, we can obtain the following proposals:

Proposal 1: For in-sync, the ratio of PDCCH RE energy to average RS RE energy is [1] dB, when single antenna port is used for cell-specific reference signal transmission by the PCell.

Proposal 2: Extended sampling rate of out-of-sync and in-sync evaluations could be defined for LC-MTC UEs for power saving. e.g. 20ms sampling period could be adopted.
Furthermore, a CR of RLM requirements for LC-MTC is given in [5], and RAN4 shall send an LS to inform RAN1 that extended sampling rate of OOS/IN evaluations is used for LC-MTC UEs. 
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