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1
Introduction
RAN4#78AH agreed that Qin and Qout are derived from 2%/10% BLER of hypothetical M-PDCCH transmission for both CE Mode A and B. RAN4 also endorsed the CR on RLM requirement [1], where the M-PDCCH parameters are given as follows. RAN4#78AH also agreed the simulation assumption for RLM [2]. 
Table 7.17.2-1 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

	Note1: R is a configurable parameter defined in 36.331 and R>1.


Table 7.17.4-1 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

	Note1: R is a configurable parameter defined in 36.331 and R>1.


In the endorsed CR [1], it is also set that the evaluation periods of out-of-synch to 400ms and the evaluation period of in-synch to 200ms for CE Mode A. However it is still TBD for CE Mode B.  
In this paper, we present the simulation result for RLM and discuss the evaluation period for CE Mode B. 
2
Simulation results

2.1
CE Mode A
CE Mode A simulation parameter assumes that the M-PDCCH aggregation level is 24 for out-of-synch and 8 for in-synch case. We show the M-PDCCH simulation results with 2Tx and 50Hz frequency error. Note that we don’t consider UE timing error. Figure 1 shows the simulation results of M-PDCCH for CE Mode A. According to the simulation assumption [2], we set repetition level R to {1,2,4,8}. 
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Figure 1
Simulation results of M-PDCCH for CE Mode A.

Table 1 summarizes the required SNR to achieve BLER=10% for out-of-synch and BLER=2% for in-synch for R=2, 4, and 8. Note that the repetition levels for in-synch cases are 1, 2, and 4, respectively because the simulation assumption sets the repetition level to R/2. The table also shows the difference of SNR points between out-of-synch and in-synch. It is observed that the difference is more than 6dB and we think it is large enough to separate out-of-synch and in-synch considering the margin. 
Table 1
Required SNR to achieve M-PDCCH BLER=10% (out-of-synch) and BLER=2% (in-synch) for CE Mode A. 
	
	
	Out-of-synch
	In-synch
	

	
	Aggregation level
	24
	8
	

	
	M-PDCCH BLER
	10%
	2%
	Delta SNR

	AWGN 2x1
	Repetition level R=8
	-11.7
	-3.4
	8.3

	
	Repetition level R=4
	-10.4
	-3.1
	7.3

	
	Repetition level R=2
	-9.6
	-2.9
	6.7

	ETU30 2x1
	Repetition level R=8
	-8.0
	2.8
	10.8

	
	Repetition level R=4
	-6.5
	3.7
	10.2

	
	Repetition level R=2
	-5.4
	4.3
	9.7

	EPA5 2x1
	Repetition level R=8
	-8.6
	3.4
	12

	
	Repetition level R=4
	-6.9
	4.2
	11.1

	
	Repetition level R=2
	-5.5
	4.7
	10.2


Observation 1: M-PDCCH transmission parameter given in R4-77AH-IoT-0127 feasible for CE Mode A RLM requirements.
2.2
CE Mode B

CE Mode B simulation parameter assumes that the M-PDCCH aggregation level is 24 for both out-of-synch and in-synch cases. We show the M-PDCCH simulation results with 2Tx and 100Hz frequency error. Note that we don’t consider UE timing error. Figure 2 shows the simulation results of M-PDCCH for CE Mode B. According to the simulation assumption [2], we set repetition level R to {64,128,256}.
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Figure 2
Simulation results of M-PDCCH for CE Mode B.

Table 1 summarizes the required SNR to achieve BLER=10% for out-of-synch and BLER=2% for in-synch for two repletion levels 128 and 256. Note that the repetition levels for in-synch cases are 64 and 128, respectively because the simulation assumption sets the repetition level to R/2. The table also shows the difference of SNR points between out-of-synch and in-synch. It is observed that the difference is more than 6dB and it would be enough to separate out-of-synch and in-synch considering the margin. 
Table 2
Required SNR to achieve M-PDCCH BLER=10% (out-of-synch) and BLER=2% (in-synch) for CE Mode B. 
	
	
	Out-of-synch
	In-synch
	

	
	Aggregation level
	24
	24
	

	
	M-PDCCH BLER
	10%
	2%
	Delta SNR

	AWGN 2x1
	Repetition level R=256
	-21.4
	-14.6
	6.8

	
	Repetition level R=128
	-19.5
	-12.6
	6.9

	ETU1 2x1
	Repetition level R=256
	-18.3
	-11.5
	6.8

	
	Repetition level R=128
	-16.3
	-9.5
	6.8

	EPA1 2x1
	Repetition level R=256
	-16.2
	-9.8
	6.4

	
	Repetition level R=128
	-14.1
	-7.9
	6.2


Observation 2: M-PDCCH transmission parameter given in R4-77AH-IoT-0127 is feasible for CE Mode B RLM requirements.
3
Evaluation period for CE Mode B
The endorsed evaluation period for CE Mode A was extended from the legacy UE evaluation period because of the consideration of M-PDCCH repetition. Since CE Mode A assumes 2 or 4 repetitions for OOS and 1 or 2 repetition for IS according to the simulation assumption, we thought UE need longer evaluation period as the same length as the M-PDCCH repetition, and RAN4 eventually agreed to set 2 times of measurement periods compared with the legacy RLM measurement period, that is, 400ms for OOS, and 200ms for IS.
If we apply the same scaling approach as CE Mode A, the evaluation period for CE Mode B is very long. For example, if CE Mode A assumes 4 M-PDCCH repetitions for OOS and CE Mode B assume 256 repetitions for OOS, the measurement period should be 64 times longer and it corresponds to 12,800ms (200ms x 64). We think it is too long for evaluation period and it is possible to satisfy the requirement with shorter evaluation period. Regarding the RLM evaluation, RAN1 specifies the assessment of RLM is performed every radio frame (see section 4.2.1 in [3]). Since one radio frame corresponds to 10ms, we propose that the evaluation periods for CE Mode B to be set by multiplying 10ms by the assumed M-PDCCH repetition. With this proposal, the measurement periods for OOS and IS become 2560ms and 1280ms, respectively.
Proposal 1: Set the measurement periods for out-of-synch to 2560ms for CE Mode B.

Proposal 2: Set the measurement period for in-synch to 1280ms for CE Mode B.

4
Conclusion

Observation 1: M-PDCCH transmission parameter given in R4-77AH-IoT-0127 feasible for CE Mode A RLM requirements.

Observation 2: M-PDCCH transmission parameter given in R4-77AH-IoT-0127 is feasible for CE Mode B RLM requirements.
Proposal 1: Set the measurement periods for out-of-synch to 2560ms for CE Mode B.

Proposal 2: Set the measurement period for in-synch to 1280ms for CE Mode B.
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Appendix

Simulation parameter [2]
	Parameter
	Value for CE Mode A
	Value for CE Mode B

	DCI format
	DCI format  6-1A


	DCI format  6-1B

.

	System Bandwidth
	10 MHz
	10 MHz

	Channel model
	AWGN

ETU30

EPA5
	AWGN

ETU1

EPA1

	Antenna configuration: 2 cases
	1x1 and 2x1
	1x1 and 2x1

	Number of information bits 
	FDD: 28 

TDD: 31 
	FDD: 18 

TDD: 18

	Antenna correlation
	Low
	Low

	Repetition level
	{2, 4}
	{64, 128, 256}



	Aggregation level (ECCE)
	{4 , 8, 16}
	{8, 16, 24}

	Starting OFDM symbols
	2 
	2 

	DRX
	OFF
	OFF

	Frequency hopping
	OFF
	OFF

	
	
	

	Number of PRB pairs for M-PDCCH
	2 for Aggregation level ={4,8}

4 for Aggregation level ={4,8,16}

(see Table 9.1.5-1a in TS 36.213)


	4 for Aggregation level ={8,16} 

 2+4 for Aggregation level =24 

(see Table 9.1.5-2a and

Table 9.1.5-2b in TS 36.213)



	Transmission type configured to UE for M-PDCCH
	Distributed
	Distributed

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

	UE timing error
	[FFS] us
	[FFS] us

	UE frequency error
	[50] Hz
	[100] Hz
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