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Introduction
PRACH simulation assumptions for supporting Cat-M1 UEs were agreed in RAN4#78 [1]. In RAN4#78bis, we provided the initial Cat-M1 PRACH link level simulation results based on the agreed simulation assumptions [2]. In this paper, we present the updated ideal Cat-M1 PRACH link level simulation results and practical Cat-M1 PRACH link level simulation results with implementation margin.
Simulation Assumptions
Tables 1 and 2 provide the simulation assumptions for Cat-M PRACH detection performance based on the PRACH simulation assumptions agreed in [1]. Additionally, prach-ConfigurationIndex of 3 and PRACH Frequency Hopping Offsets of 24 PRBs and 40 PRBs were assumed in the PRACH simulations.





	Parameters
	Values
	Comments

	PRACH format
	Format 0, Format 1, Format 2, Format 3
	PRACH Configuration indexes (3, 19, 35, 51) for {Format 0, Format 1, Format 2, Format 3}


	Propagation conditions
	AWGN, EPA1
	Due to the low mobility of Cat-M UEs, using EPA1 as in RLM requirements

	Number of TX antennas
	1
	

	Number of RX antennas
	2
	

	Antenna correlation
	Low
	

	Noise model
	AWGN
	

	Timing offset
	Randomly in the range of [0~1]us.
	The timing offset base value is set to 50% of Ncs (see Section 8.4.1.4.2 in TS 36.141)

	Repetition level
	Basline:
Format 0 and Format 1: {8,32}
Format 2 and Format 3: {4,16}
Other options are not precluded
	May not need to simulate all levels of {1,2,4, 8,16,32,64,128}

	Number of signatures available for Cat-M UEs
	64
	The size of preamble pool has impact on detection performance

	Frequency offset
	0Hz for AWGN, 270 Hz for EPA1
	More discussion may be needed for frequency offset

	Frequency hopping
	ON/OFF
	

	Prach Configuration Index
	(3, 19, 35, 51) for Format 0,  Format 1,  Format 2, and  Format 3) respectively 
	There could be significant difference when different configuration indexes are used under fading channels, especially with high PRACH repetitions




Table 2. Test preambles for Normal Mode (From Table A.6-1 in TS 36.104 [2])

	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	1
	167
	22
	2

	2
	167
	22
	0

	3
	0
	22
	0


Simulation Results
Tables 3 and 4 provide the ideal simulation results for Cat-M PRACH detection.
Table 3 PRACH missed detection performance for Cat-M1 Mode (Frequency Hopping OFF)
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	
Number of Repetitions
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1
	Burst format 2
	Burst format 3

	2
	AWGN
	0
	4
	 
	 
	-23.38
	-23.08

	
	
	
	8
	-23.76
	-23.35
	 
	 

	
	
	
	16
	 
	 
	-27.26
	-27.01

	
	
	
	32
	-27.74
	-27.38
	 
	 

	
	EPA1 Low
	270 Hz
	4
	 
	 
	-14.34
	-14.08

	
	
	
	8
	-15.23
	-14.83
	 
	 

	
	
	
	16
	 
	 
	-19.26
	-18.94

	
	
	
	32
	-21.23
	-20.83
	 
	 



Table 4 PRACH missed detection performance for Cat-M1 Mode (Frequency Hopping ON)
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	
Number of Repetitions
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1
	Burst format 2
	Burst format 3

	2
	AWGN
	0
	4
	 
	 
	-23.38
	-23.08

	
	
	
	8
	-23.76
	-23.35
	 
	 

	
	
	
	16
	 
	 
	-27.26
	-27.01

	
	
	
	32
	-27.74
	-27.38
	 
	 

	
	EPA1 Low
	270 Hz
	4
	 
	 
	-18.07
	-18.07

	
	
	
	8
	-19.08
	-19.08
	 
	 

	
	
	
	16
	 
	 
	-23.12
	-23.12

	
	
	
	32
	-24.63
	-24.63
	 
	 



Tables 5 and 6 provide the practical simulation results for Cat-M PRACH detection with implementation margin.
Table 3 PRACH missed detection performance for Cat-M1 Mode (Frequency Hopping OFF)
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	
Number of Repetitions
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1
	Burst format 2
	Burst format 3

	2
	AWGN
	0
	4
	 
	 
	-21.38
	-21.08

	
	
	
	8
	-21.76
	-21.35
	 
	 

	
	
	
	16
	 
	 
	-25.26
	-25.01

	
	
	
	32
	-25.74
	-25.38
	 
	 

	
	EPA1 Low
	270 Hz
	4
	 
	 
	-12.34
	-12.08

	
	
	
	8
	-13.23
	-12.83
	 
	 

	
	
	
	16
	 
	 
	-17.26
	-16.94

	
	
	
	32
	-19.23
	-18.83
	 
	 



Table 4 PRACH missed detection performance for Cat-M1 Mode (Frequency Hopping ON)
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	
Number of Repetitions
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1
	Burst format 2
	Burst format 3

	2
	AWGN
	0
	4
	 
	 
	-21.38
	-21.08

	
	
	
	8
	-21.76
	-21.35
	 
	 

	
	
	
	16
	 
	 
	-25.26
	-25.01

	
	
	
	32
	-25.74
	-25.38
	 
	 

	
	EPA1 Low
	270 Hz
	4
	 
	 
	-16.07
	-16.07

	
	
	
	8
	-17.08
	-17.08
	 
	 

	
	
	
	16
	 
	 
	-21.12
	-21.12

	
	
	
	32
	-22.63
	-22.63
	 
	 



Summary
In this contribution, we provided the updated ideal and practical simulation results for Cat-M1 PRACH detection performance. We suggest these results be considered in defining the Cat-M1 PRACH detection performance requirements.
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