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1 Introduction
In RAN4-AH-1801, RAN4 has agreed simulation assumption to evaluate the PDCCH performance for RLM [1]. By those evaluations, RAN4 can confirm or correct the agreed hypothetical PDCCH parameters in the core requirements, and also can get prepared for the coming performance part for defining the test cases.
In this paper we will present our initial simulation results PDCCH performance in RLM. 
2 Discussion
In this paper we provide two sets of simulation results according to the agreed assumptions in [1]. One set is for the payload size with DCI format 1-0 (56/58/60), the other for a payload size with 24 more bits (80/82/84). 
2.1 Results with payload size 80/82/84 bits 

Table 1 and Table 2 shows simulation results for 15kHz SCS with and without frequency error, respectively. 
Table 1: Simulation results for 15kHz SCS, without frequency error

	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN


	80
	-4.5
	-3.6
	-8.3
	-6.5

	
	82
	-4.5
	-3.5
	-8.3
	-6.6

	
	84
	-4.8
	-3.1
	-7.9
	-6.8

	EPA, 3km/h
	80
	-3.0
	-0.3
	-5.9
	-3.5

	
	82
	-3.1
	-0.8
	-6.6
	-4.3

	
	84
	-3.0
	-1.0
	-5.8
	-4.2

	EPA, 42km/h
	80
	-2.8
	-0.3
	-5.8
	-3.6

	
	82
	-3.3
	-0.8
	-6.4
	-4.4

	
	84
	-3.0
	-1.3
	-6.0
	-4.3

	ETU, 3km/h
	80
	-1.7
	0.7
	-4.8
	-3.1

	
	82
	-1.1
	1.2
	-4.7
	-2.9

	
	84
	-1.1
	0.8
	-4.2
	-2.8

	ETU, 42km/h
	80
	-1.7
	0.7
	-4.9
	-3.0

	
	82
	-1.6
	1.0
	-4.8
	-2.9

	
	84
	-1.0
	0.8
	-4.2
	-2.8


Table 2: Simulation results for 15kHz SCS, with frequency error (0.05ppm)
	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN


	80
	-4.5
	-3.6
	-8.3
	-6.4

	
	82
	-4.5
	-3.4
	-8.3
	-6.5

	
	84
	-4.8
	-3.1
	-7.9
	-6.8

	EPA, 3km/h
	80
	-3.0
	-0.3
	-5.9
	-3.5

	
	82
	-3.0
	-0.8
	-6.6
	-4.3

	
	84
	-3.0
	-1.0
	-5.8
	-4.2

	EPA, 42km/h
	80
	-2.9
	-0.3
	-5.8
	-3.5

	
	82
	-3.2
	-0.8
	-6.3
	-4.3

	
	84
	-3.0
	-1.3
	-6.0
	-4.3

	ETU, 3km/h
	80
	-1.6
	0.8
	-4.8
	-3.1

	
	82
	-1.1
	1.2
	-4.7
	-2.9

	
	84
	-1.1
	0.8
	-4.2
	-2.8

	ETU, 42km/h
	80
	-1.7
	0.7
	-4.9
	-2.9

	
	82
	-1.5
	1.0
	-4.8
	-2.9

	
	84
	-1.0
	0.8
	-4.2
	-2.8


Assuming Qout are defined based on SNR level for 10% BLER with CCE 8, we can find that the Qout level is around -8dB for AWGN, -6dB for EPA, and -4.5dB for ETU. Assuming Qin are defined based on SNR level for 2% BLER with CCE 4, we can find that the Qout level is around –3.5dB for AWGN, -0.5dB for EPA, and 1B for ETU. The gap between Qout and Qin is around 5dB.

Also it can be seen from the comparison between Table 1 and Table 2 that the impact of 0.05ppm frequency error is rather minor. Therefore, in the following we will focus on performance without frequency error.

Observation 1: For 15kHz SCS, SNR level for 10% BLER with CCE 8 is around 
· -8dB for AWGN, 
· -6dB for EPA, 
· -4.5dB for ETU. 
Observation 2: For 15kHz SCS, SNR level for 2% BLER with CCE 4, is around 
· -3.5dB for AWGN, 
· -0.5dB for EPA, 
· 1dB for ETU. 
Observation 3: There is around a 5dB gap between SNR level for 10% BLER with CCE 8 and that for 2% BLER with CCE 4.

Observation 4: The impact of 0.05ppm frequency error is minor.

Next we check the results for other SCS. Simulation results for 30kHz, 60kHz (carrier frequency is 30GHz) and 120kHz SCS are provided in Table 3-5, respectively.  

Table 3: Simulation results for 30kHz SCS, without frequency error

	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN


	80
	-4.5
	-3.6
	-8.3
	-6.5

	
	82
	-4.9
	-3.3
	-8.0
	-6.8

	
	84
	-4.8
	-3.4
	-7.9
	-6.8

	EPA, 3km/h
	80
	-3.6
	-0.8
	-6.3
	-4.4

	
	82
	-3.1
	-1.3
	-6.1
	-4.3

	
	84
	-3.0
	-1.3
	-6.0
	-4.5

	EPA, 42km/h
	80
	-3.4
	-0.9
	-6.5
	-4.3

	
	82
	-3.4
	-1.3
	-6.1
	-4.3

	
	84
	-3.0
	-1.0
	-6.1
	-4.5


Table 4: Simulation results for 60kHz SCS (30GHz), without frequency error

	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN


	80
	-4.5
	-3.6
	-8.3
	-6.5

	
	82
	-4.4
	-3.5
	-8.3
	-6.5

	
	84
	-4.8
	-3.2
	-8.0
	-6.8

	TDL-C,100ns

3km/h
	80
	-3.6
	-1.8
	-6.8
	-5.1

	
	82
	-3.7
	-1.5
	-6.8
	-5.1

	
	84
	-3.3
	-1.7
	-6.1
	-4.9

	TDL-C,100ns

30km/h
	80
	-3.6
	-1.7
	-6.8
	-5.1

	
	82
	-3.5
	-1.4
	-6.7
	-5.3

	
	84
	-3.3
	-1.8
	-6.3
	-4.9


Table 5: Simulation results for 120kHz SCS, without frequency error

	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN


	80
	-4.6
	-3.6
	-8.4
	-6.5

	
	82
	-5.0
	-3.4
	-8.1
	-6.9

	
	84
	-4.9
	-3.3
	-8.1
	-6.9

	TDL-C,100ns

3km/h
	80
	-3.8
	-1.9
	-6.9
	-5.4

	
	82
	-3.3
	-1.9
	-5.9
	-4.8

	
	84
	-2.8
	-1.4
	-5.8
	-4.6

	TDL-C,100ns

30km/h
	80
	-3.7
	-1.9
	-6.9
	-5.4

	
	82
	-3.4
	-1.9
	-6.1
	-4.8

	
	84
	-3.0
	-1.4
	-5.6
	-4.4


It can be seen that the impact of SCS on the PDCCH performance is not significant. If we focus on SNR level for 10% BLER with CCE 8, and that for 2% BLER with CCE 4, the impact would be in the range of 0.5-1dB.
Observation 5: The impact of difference SCS on the concerned SNR levels is in the range of 0.5-1dB.
2.2 Results with payload size 56/58/60 bits 

Table 6-9 show simulation results for 15/30/60/120kHz SCS without frequency error, respectively, for 56/58/60 bits payload sizes.

Table 6: Simulation results for 15kHz SCS, without frequency error

	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN


	56
	-6.1
	-4.9
	-9.7
	 -7.9

	
	58
	-5.9
	-4.8
	-9.7
	-7.9

	
	60
	-6.3
	-4.6
	-9.3
	-8.2

	EPA, 3km/h
	56
	-4.8
	-2.1
	-7.6
	-4.9

	
	58
	-5.0
	-2.6
	-7.8
	-5.7

	
	60
	-4.5
	-3.0
	-7.3
	-5.3

	EPA, 42km/h
	56
	-4.8
	-1.5
	-7.4
	-5.2

	
	58
	-5.0
	-2.3
	-8.0
	-5.9

	
	60
	-4.5
	-1.9
	-7.3
	-5.5

	ETU, 3km/h
	56
	-3.5
	-1.0
	-6.6
	-4.8

	
	58
	-3.0
	-0.5
	-6.1
	-4.4

	
	60
	-2.6
	-0.4
	-5.7
	-4.3

	ETU, 42km/h
	56
	-3.5
	-1.1
	-6.4
	-4.7

	
	58
	-3.0
	-0.6
	-6.2
	-4.4

	
	60
	-2.7
	-1.0
	-5.7
	-3.9


Table 7: Simulation results for 30kHz SCS, without frequency error

	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN


	56
	-6.0
	-4.9
	-9.7
	-7.8

	
	58
	-6.5
	-4.8
	-9.3
	-8.0

	
	60
	-6.3
	-4.6
	-9.3
	-8.2

	EPA, 3km/h
	56
	-5.1
	-2.3
	-7.8
	-5.8

	
	58
	-4.8
	-3.1
	-7.2
	-5.8

	
	60
	-4.4
	-2.1
	-7.5
	-5.8

	EPA, 42km/h
	56
	-4.9
	-2.6
	-7.8
	-5.9

	
	58
	-4.8
	-3.1
	-7.4
	-5.6

	
	60
	-4.5
	-2.5
	-7.5
	-6.3


Table 8: Simulation results for 60kHz SCS (30GHz), without frequency error

	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN


	56
	-6.1
	-4.9
	-9.7
	-7.9

	
	58
	-5.9
	-4.8
	-9.7
	-7.9

	
	60
	-6.3
	-4.5
	-9.3
	-8.1

	TDL-C,100ns

3km/h
	56
	-5.3
	-3.3
	-8.2
	-6.5

	
	58
	-5.2
	-3.0
	-8.1
	-6.5

	
	60
	-4.8
	-3.1
	-7.5
	-6.1

	TDL-C,100ns

30km/h
	56
	-5.3
	-3.3
	-8.1
	-6.6

	
	58
	-5.1
	-3.0
	-8.1
	-6.5

	
	60
	-4.8
	-3.1
	-7.5
	-6.1


Table 9: Simulation results for 120kHz SCS, without frequency error

	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN


	56
	-6.1
	-4.9
	-9.8
	-7.9

	
	58
	-6.5
	-4.8
	-9.4
	-8.1

	
	60
	-6.3
	-4.6
	-9.3
	-8.1

	TDL-C,100ns

3km/h
	56
	-5.3
	-3.5
	-8.3
	-6.8

	
	58
	-4.7
	-3.3
	-7.3
	-6.1

	
	60
	-4.3
	-2.8
	-7.0
	-5.7

	TDL-C,100ns

30km/h
	56
	-5.4
	-3.4
	-8.3
	-6.8

	
	58
	-4.8
	-3.3
	-7.3
	-6.1

	
	60
	-4.3
	-2.8
	-7.0
	-5.8


Assuming Qout are defined based on SNR level for 10% BLER with CCE 8, we can find that the Qout level is around -9.5dB for AWGN, -7.5dB for EPA, and -6dB for ETU. Assuming Qin are defined based on SNR level for 2% BLER with CCE 4, we can find that the Qout level is around -4.8dB for AWGN, -2.2dB for EPA, and -0.8dB for ETU. The gap between Qout and Qin is around 5dB.

Observation 6: For 15kHz SCS, SNR level for 10% BLER with CCE 8 is around 
· -9.5dB for AWGN, 
· -7.5dB for EPA, 
· -6dB for ETU. 

Observation 7: For 15kHz SCS, SNR level for 2% BLER with CCE 4, is around 
· -4.8dB for AWGN, 
· -2.2dB for EPA, 
· -0.8dB for ETU. 
Observation 8: There is around a 5dB gap between SNR level for 10% BLER with CCE 8 and that for 2% BLER with CCE 4.

It can be also seen that the impact of SCS on the PDCCH performance is not significant. If we focus on SNR level for 10% BLER with CCE 8, and that for 2% BLER with CCE 4, the impact would be in the range of 0.5-1dB.
3 Conclusions 

In this paper, we provided our initial simulation results for PDCCH performance for RLM. 
For payload size 80/82/84 bits
Observation 1: For 15kHz SCS, SNR level for 10% BLER with CCE 8 is around 

-
-8dB for AWGN, 

-
-6dB for EPA, 

-
-4.5dB for ETU. 

Observation 2: For 15kHz SCS, SNR level for 2% BLER with CCE 4, is around 

-
-3.5dB for AWGN, 

-
-0.5dB for EPA, 

-
1dB for ETU. 

Observation 3: There is around a 5dB gap between SNR level for 10% BLER with CCE 8 and that for 2% BLER with CCE 4.

Observation 4: The impact of 0.05ppm frequency error is minor.
Observation 5: The impact of difference SCS on the concerned SNR levels is in the range of 0.5-1dB.
For payload size 56/58/60 bits

Observation 6: For 15kHz SCS, SNR level for 10% BLER with CCE 8 is around 

-
-9.5dB for AWGN, 

-
-7.5dB for EPA, 

-
-6dB for ETU. 

Observation 7: For 15kHz SCS, SNR level for 2% BLER with CCE 4, is around 

-
-4.8dB for AWGN, 

-
-2.2dB for EPA, 

-
-0.8dB for ETU. 

Observation 8: There is around a 5dB gap between SNR level for 10% BLER with CCE 8 and that for 2% BLER with CCE 4.
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