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Introduction
The PUCCH simulation assumptions for supporting Cat-M UEs were agreed in RAN4#78 [1]. In RAN4#78bis, we provided the ideal Cat-M PUCCH link level simulation results based on the agreed PUCCH simulation assumptions. In this paper, we present the practical Cat-M PUCCH link level simulation results.
Simulation Assumptions
The simulation assumptions for Cat-M PUCCH requirements were provided in [1] (as shown in Table 1) for 

· ACK missed detection requirements for single user PUCCH format 1a
· CQI performance requirements for PUCCH format 2

For the simulation of the ACK missed detection requirements, the false alarm (DTXACK) rate shall not exceed 1% and the ACK missed detection (ACKNAK, DTX) probability shall not exceed 1%. For the simulation of the CQI performance requirements, the CQI block error probability (BLER) is defined as the conditional probability of incorrectly decoding the CQI information when the CQI information is sent. All CQI information shall be decoded (no exclusion due to DTX). The CQI information bit payload per sub-frame is equal to 4 bits. The CQI block error probability shall not exceed 1% at the given SNR.

[bookmark: _Ref250926535]Table 1.	Cat-M PUCCH simulation assumptions [1]


	Parameters
	Values

	PUCCH Format
	PUCCH Format 1a, Format 2  


	Propagation conditions
	EPA5 (PUCCH Format 1a)
EVA5 (Format 2)

	Number of TX antennas
	1

	Number of RX antennas
	2 (Format 1a)
2(Format 2)

	Antenna correlation
	Low

	Noise model
	AWGN

	Channel bandwidth (MHz)
	3, 5, 10, 15, 20

	Number of PRBs for PUCCH
	1 (edge PRB of the channel bandwidth)

	Cyclic prefix
	Normal (PUCCH Format 1a, Format 2)


	DM RS sequence group hopping
	Disabled

	Channel estimation
	Practical channel estimation and noise estimation

	
Cyclic shift separation 
	2

	Number of users
	single user PUCCH format 1a and PUCCH format 2


	Payload per PUCCH transmission
	4 bits (PUCCH format 2)

	Number of PUCCH repetitions
	{4,8,32} 

	Frequency Hopping Intervals
	FDD: 4
TDD: 5 

	Note 1: Assume no scheduling request for PUCCH format 1a


















Simulation Results
Table 2 provides a template for the simulation results for Cat-M PUCCH format 1a.
Table 2 Minimum requirements for single user PUCCH format 1a, 1Tx
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and
correlation matrix (Annex B)
	Repetitions
	Channel Bandwidth / SNR [dB]

	
	
	
	
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	 2
	normal
	EPA5 Low
	4
	-7.64
	-7.66
	-7.98
	-7.57
	-7.94

	
	
	
	8
	-12.23
	-13.10
	-13.20
	-13.09
	-13.25

	
	
	
	32
	-15.48
	-17.22
	-17.33
	-17.30
	-17.48



Table 3 Minimum requirements for single user PUCCH format 2, 1Tx
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and
correlation matrix (Annex B)
	Repetitions
	Channel Bandwidth / SNR [dB]

	
	
	
	
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	2
	normal
	EVA5 Low
	4
	-6.85
	-6.50
	-6.97
	-6.94
	-6.62

	
	
	
	8
	-11.22
	-11.57
	-11.62
	-11.53
	-11.45

	
	
	
	32
	-14.94
	-15.47
	-15.28
	-15.34
	-15.23




Summary
In this contribution, we provided the practical simulation results for Cat-M PUCCH demodulation performance. We suggest these results be considered in defining the Cat-M1 PUSCH performance requirements.
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