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1
Introduction
Our companion contribution [1] shows our M-PDCCH BLER simulation result according to the simulation assumption in [2]. Based on our simulation result, we discuss the Cat-M1 UE RLM requirements. 
2
Discussion
2.1
CE Mode A RLM requirements

2.1.1
PDSCH demodulation performance for CE Mode A
We assume Qin is the in-sync quality level where UE can receive one RAR message from eNB, and Qout is the out-of-sync quality level where UE cannot receive the minimum downlink data transmission from PDSCH. 
Before we discuss the Qin/Qout metric, we investigate what physical channel is dominant to decide the in-synch (RAR message reception) and out-of-synch (downlink data reception) quality level. Since RAN1 has decided the RAR message is transmitted on PDSCH [3], we have run the PDSCH demodulation simulation with 6 PRB which is the maximum possible resource block allocation for Cat-M1 UE. We set the minimum transport block size to 152 bits that corresponds to MCS0 with 6PRB. Since we don’t expect any RAR message to exceed 152 bits, we will use the same PDSCH simulation results to investigate the required SNR of PDSCH for in-synch and out-of-synch. 
PDSCH also support the repeated transmission as well as M-PDCCH, and the supported repetition numbers are {1, 2, 4, 8, 16, 32} for CE Mode A.
Figure 1 shows the FDD PDSCH simulation results with repetition 4, 8, 16, and 32. This simulation result also assumes the 50Hz frequency error as well as M-PDCCH simulation assumption. Note the antenna configuration is 2x1. It is observed that the required SNR to satisfy a certain BLER becomes lower as the number of repetitions are increased, as expected. With PDSCH repetition level 32, that is the maximum number of repetitions for CE Mode A, it is observed that the minimum SNR levels to secure PDSCH BLER=1% are about -16.5dB, -11dB and -5.0dB, for AWGN, ETU30 and EPA5, respectively. 
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Figure 1
PDSCH demodulation simulation result for Cat-M1 UE CE Mode A. Antenna configuration: 2x1, 6PRB, and TBS=152bits. 
2.1.2
RLM requirements for CE Mode A

To discuss RLM requirement for category M1 UE, we compare the PDSCH BLER curve and M-PDCCH BLER curves. Figure 2 is the comparison of PDSCH with 32 repetition and M-PDCCH with aggregation level 24 and several repetition values. The reason we use M-PDCCH with the ECCH aggregation level 24 is because RAN1 agreement [3] mentions that:

· For CSS for RAR, and SS for Msg3 retx/Msg 4

· A UE is required to monitor an M-PDCCH transmission assuming all the 6 PRBs using distributed transmission

· The UE is also required to monitor the following decoding candidate with distributed transmission:

· One corresponding to 4 PRBs {0, 1, 2, 3}

· Another corresponding to 2 PRBs {4, 5}

According to our understanding, M-PDCCH transmission for RAR uses 6PRB by default and this implicitly means the ECCE aggregation level is 24.  
Regarding the repetition values, we choose 2-64 although both CE Mode A and B UE support the same M-PDCCH repetition values = {2,4,8,16,32,64,128,256}. This is because we think repetition 128 or 256 is huge for the normal coverage UE.
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Figure 2
Demodulation performance comparison between M-PDCCH (DCI format 6-1A, AL24, Rep={2,4,8,16,32,64}, Distributed transmission) and PDSCH (MCS0, 32 repetitions).

When UE is in-synch status, we assume that the BLER for PDSCH should be better than 1%. For AWGN case, the required SNR is about -16.5dB. At that SNR level, however M-PDCCH BLER is 6% with repetition 64. This means the M-PDCCH decoding is dominant for the radio link monitoring (in-synch). On the other hand, when UE is out-of-synch status, we assume BLER for PDSCH is worse than 10%. According to the simulation results, it corresponds to SNR=-17dB for AWGN. At this level, M-PDCCH BLER is also about 10% for repetitions 32 or 64. We can observe the same performance results for ETU30. 
For EPA5 case, however, UE need SNR=-5dB to satisfy PDSCH BLER=1%. At this SNR level, we can select repetitions 8 or 16 to achieve M-PDCCH BLER=2%. For the out-of-synch status with PDSCH BLER=10%, the required SNR is about -10dB. At this SNR level, M-PDCCH BLER with repetition level 8 or 16 is also about 10%. 
From the comparison result, we think Qin/Qout can be derived from the 2%/10% BLER of the hypothetical M-PDCCH transmission assuming ECCE aggregation level 24 and a certain repetition level.

Proposal 1: Cat-M1 CE Mode A Qin/Qout are derived from 2%/10% BLER of hypothetical M-PDCCH transmission.
Regarding the M-PDCCH transmission parameter, we propose to set repetition level 16 considering the simulation results from both AWGN/ETU30 and EPA5. 
Proposal 2: Specify Cat-M1 CE Mode A In-sync and Out-of-Sync requirement with the following M-PDCCH transmission parameters:
	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

	M-PDCCH repetition level
	16
	16

	Aggregation level (ECCE)
	24
	24

	M-PDCCH Transmission type
	Distributed
	Distributed


Regarding the evaluation period, we assume Cat-M1 CE Mode A UE should have the similar RLM performance as Rel-12 Cat-0 UE. We propose to set the same evaluation period as Cat-0 UE. 

Proposal 3: Evaluation periods for out-of-sync and in-sync for CE Mode A are set to 200ms and 100ms, respectively. 
2.2
CE Mode B RLM requirements
For Cat-M1 CE Mode B UE RLM requirements, we will apply the same methodology as CE Mode A. 
2.2.1
PDSCH demodulation performance for CE Mode B

Figure 3 shows Cat-M1 UE CE Mode B PDSCH demodulation simulation results for AWGN, ETU1, and EPA1 with 2x1 antenna configuration. We also consider 100Hz of UE frequency error as well as M-PDCCH simulation assumption. According to RAN1 decision, the supported PDSCH repetition for CE Mode B is {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}, and the figures show the simulation results of repetitions {4, 8, 16, 32, 64, 128, 256}. With PDSCH repetition level 256, it is observed that the minimum SNR levels to secure PDSCH BLER=1% are about -21dB, -13dB and -11dB, for AWGN, ETU1 and EPA1, respectively. From the figures, it is expected that more repetition of PDSCH transmission reduce the required SNR levels. 
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Figure 3
PDSCH demodulation simulation result for Cat-M1 UE CE Mode B. Antenna configuration: 2x1, 6PRB, and TBS=152bits.
2.2.2
RLM requirements for CE Mode B
Table 1 compares the required SNR for M-PDCCH BLER=2%/10% and that for PDSCH BLER=1%/10% for CE Mode B. Both physical channels assume 256 repeated transmissions. We copy the table for M-PDCCH from our companion paper in this meeting [1] because of the same simulation assumption.  
Table 1
Required SNR [dB] to achieve Cat-M1 Mode B UE M-PDCCH BLER=2%/10% with aggregation level 24 and repetition 256, and PDSCH BLER=1%/10% with repetition 256.
	
	AWGN
	ETU1
	EPA1

	UE Frequency error
	0Hz
	100Hz
	0Hz
	100Hz
	0Hz
	100Hz

	2Tx
	SNR for M-PDCCH BLER=2% (Qin)
	-19.8
	-16.8
	-14.7
	-11.6
	-16.5
	-13.3

	
	SNR for M-PDCCH BLER=10% (Qout)
	-24.8
	-21.4
	-19.5
	-16.2
	-22.0
	-18.3

	2Tx
	SNR for PDSCH BLER=1%
	
	-21.0
	
	-13.0
	
	-11.0

	
	SNR for PDSCH BLER=10%
	
	-21.5
	
	-16.0
	
	-16.0


For in-synch case, Table 1 shows the SNR levels for BLER=1% PDSCH is smaller than M-PDCCH for AWGN and ETU1. For EPA1, however, the required SNR for BLEE=1% PDSCH is about 2.3dB higher than M-PDCCH. This means even if UE can decode M-PDCCH conveying the RAR response notification message, it could not decode the corresponding PDSCH. However please remember our PDSCH simulation uses the repetition level 256. With a larger number of repetitions, we think UE can decode PDSCH without error and therefore the hypothetical M-PDCCH transmission can be used to derive Qin.
For out-of-synch status, SNR levels for PDSCH BLER=10% is well aligned with M-PDCCH BLER=10% for AWGN/ETU1. For EPA1, however, the required SNR levels for PDSCH BLER=10% is 2.3dB higher than M-PDCCH. As we mentioned for in-synch status, PDSCH can support more number of repetitions, and therefore we think M-PDDCH with BLER=10% is used to derive Qout. 
Proposal 4: Cat-M1 CE Mode B Qin/Qout are derived from 2%/10% BLER of hypothetical M-PDCCH transmission.
Proposal 5: Specify Cat-M1 CE Mode B In-sync and Out-of-Sync requirement with the following parameters:
	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

	M-PDCCH repetition level
	256
	256

	Aggregation level (ECCE)
	24
	24

	M-PDCCH Transmission type
	Distributed
	Distributed


Regarding the evaluation periods of out-of-sync and in-sync, we need to extend the evaluation period because SNR level is around -15dB and with such lower SNR region, more evaluation period is needed to stabilize the SNR measurement quality. For example, RSRP/RSRQ measurement period for CE Mode B UE is expected to extend from 400ms to 800ms [4]. Moreover we assume M-PDCCH repetition of 256 and it corresponds to 256 ms without any transmission gap. We propose therefore to set the evaluation periods for out-of-sync and in-sync for CE Mode B to 800ms and 400ms, respectively.
Proposal 6: Evaluation periods for out-of-sync and in-sync for CE Mode B are set to 800ms and 400ms, respectively. 

3
Conclusion
Proposal 1: Cat-M1 CE Mode A Qin/Qout are derived from 2%/10% BLER of hypothetical M-PDCCH transmission.

Proposal 2: Specify Cat-M1 CE Mode A In-sync and Out-of-Sync requirement with the following M-PDCCH transmission parameters:
	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

	M-PDCCH repetition level
	16
	16

	Aggregation level (ECCE)
	24
	24

	M-PDCCH Transmission type
	Distributed
	Distributed


Proposal 3: Evaluation periods for out-of-sync and in-sync for CE Mode A are set to 200ms and 100ms, respectively.

Proposal 4: Cat-M1 CE Mode B Qin/Qout are derived from 2%/10% BLER of hypothetical M-PDCCH transmission.
Proposal 5: Specify Cat-M1 CE Mode B In-sync and Out-of-Sync requirement with the following parameters:

	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

	M-PDCCH repetition level
	256
	256

	Aggregation level (ECCE)
	24
	24

	M-PDCCH Transmission type
	Distributed
	Distributed


Proposal 6: Evaluation periods for out-of-sync and in-sync for CE Mode B are set to 800ms and 400ms, respectively. 
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