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1
Introduction
In the last meeting, the PDCCH and PCFICH parameters for OOS and INS are discussed. In the end, the way forward on RLM is agreed [1].
· On PDCCH/PCFICH Parameters for OOS and INS: 
· Enhanced PDCCH/PCFICH parameters need to be defined for LC-MTC:
· For OOS, 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 (no change to current requirement)
· 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 
· [1] dB, 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.
This paper provides the further simulation results and discusses the RLM open issues for LC-MTC.
2
Simulation results and discussions
2.1.1 OOS and INS simulation assumptions 
Based on the agreed way forward [1], the important OOS and INS simulation parameters for LC-MTC with 1-RX are listed in Table 1 and Table 2, respectively. 
    Table 1  PDCCH/PCFICH transmission parameters of OOS for LC-MTC with 1RX
	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


Table 2  PDCCH/PCFICH transmission parameters of INS for LC-MTC with 1RX
	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

	
	2Tx
	1dB

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

	
	2Tx
	1dB


2.1.2 PDCCH BLER performances for OOS and INS
According to simulation assumptions, the PDCCH BLER performances of OOS and INS are shown in Figure 1-6. In Table3, Qin and Qout with different antenna configurations are also provided.
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Fig. 1: PDCCH performance for OOS in AWGN                               Fig. 2: PDCCH performance for INS in AWGN 
[image: image3.jpg]PDCCH BLER

008, ETU30, PCFICHPDCCH

—e
-+
-5

—

TR
1T2R, legacy
TR

2T2R, legacy

14 12 10 5 - -4
SNR (@8)




          [image: image4.jpg]PDCCH BLER

InSynC, ETU30, PCFICH/PDCCH

e TR
— o 1T2R, legacy
—a.2TR
— 4 2T2R, legacy
.9
10
A
i %
i
g \'\
ey 5
s 3y 4 \
10 -
BT £ F 2 o H

SNR (98)





Fig. 3: PDCCH performance for OOS in ETU30                               Fig. 4: PDCCH performance for INS in ETU30 
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Fig. 5: PDCCH performance for OOS in ETU70                               Fig. 6: PDCCH performance for INS in ETU70 
	Channel
	Antenna configuration
	Qout (dB)
	Qin (dB)

	AWGN

	1T1R
	-10.2
	-5.0

	
	1T2R(legacy)
	-12.7
	-7.8

	
	2T1R
	-11.9
	-8.4

	
	2T2R(legacy)
	-12.7
	-7.8

	ETU30
	1T1R
	-5.8
	-0.7

	
	1T2R(legacy)
	-9.2
	-4.6

	
	2T1R
	-8.5
	-4.9

	
	2T2R(legacy)
	-10.0
	-5.5

	ETU70

	1T1R
	-5.6
	-0.4

	
	1T2R(legacy)
	-9.1
	-4.5

	
	2T1R
	-8.3
	-4.7

	
	2T2R(legacy)
	-10.0
	-5.5






Table 3: The SNR values of Qout and Qin 
2.2 OOS and INS reporting
In the simulations, the evaluation periods for OOS and INS are 200 ms and 100 ms, respectively. Two successive INS/OOS indications shall be separated by at the least 10ms. Therefore, the reporting period is configured as the maximum of sampling period and 10ms. From simulation results, it is observed that extending sampling period causes 0.2-1.6 dB performance loss.
· Observation 1: Extending the sampling rate degrades the INS and OOS reporting performance.
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Fig. 7: OOS reporting performance with 1T1R, AWGN     Fig. 8: INS reporting performance with 1T1R, AWGN
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Fig. 9: OOS reporting performance with 1T1R, ETU30     Fig. 10: INS reporting performance with 1T1R, ETU30
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Fig. 11: OOS reporting performance with 1T1R, ETU70   Fig. 12: INS reporting performance with 1T1R, ETU70
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Fig. 13: OOS reporting performance with 2T1R, AWGN   Fig. 14: INS reporting performance with 2T1R, AWGN
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Fig. 15: OOS reporting performance with 2T1R, ETU30    Fig. 16: INS reporting performance with 2T1R, ETU30
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Fig. 17: OOS reporting performance with 2T1R, ETU70    Fig. 18: INS reporting performance with 2T1R, ETU70
In TS 36.213, the UE in non-DRX mode shall assess the radio link quality in every radio frame. Meanwhile, the UE shall decode PCFICH and PDCCH to acquire DCI information in every DL subframe and the CRS -based channel estimation and noise estimation must be always on for PCFICH and PDCCH decoding. The RLM module can reuse the results from the channel estimation and the noise estimation and map the estimated CRS-based SINR to the BLER of INS and OOS. Therefore, lowering RLM sampling rate cannot save enough power. Moreover, from above simulation results, it is observed that lowering the RLM sampling rate degrades the accuracy of INS and OOS reporting. Based on the analysis and the observation, we propose to reuse the existing RLM assessment requirement defined in TS 36.213.
· Proposal 1: Reuse the existing requirement on assessment period for LC-MTC.
In FDD RLM tests defined in TS 36.521-3, minimum CQI reporting periodicity of 2 ms is chosen. In RAN4-71, it is agreed that CQI periodic reporting periodicity of 2 ms cannot be used in demodulation tests for HD-FDD MTC UEs [2]. Similarly, considering the RF switch time of 1 ms, there is no available DL subframe to assess radio link quality for the HD-FDD MTC UE that is configured with CQI reporting periodicity of 2 ms. 
· Proposal 2: Reuse the FDD RLM test for HD-FDD RLM tests. However, CQI reporting of 2ms is not feasible for HD-FDD MTC UEs. Consider using 5 ms CQI reporting periodicity for HD-FDD RLM tests.
3
Conclusion 
In this paper we provide simulation results for RLM for LC-MTC UEs. Based on the simulation results and the analysis, we propose the following proposals.
· Proposal 1: Reuse the existing requirement on assessment period for LC-MTC.
· Proposal 2: Reuse the FDD RLM test for the HD-FDD RLM test. However, CQI reporting of 2ms is not feasible for HD-FDD MTC UEs. Consider using 5 ms CQI reporting periodicity for HD-FDD RLM tests.
4
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