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1 Introduction

As major portions of Rel-13 eMTC core requirements have been specified in RAN4, specification on demodulation performance for eMTC shall be considered based on WID.  This paper addresses potential specification impact on PUSCH demodulation performance of Cat-M UE.

As specified in [1], the WF on eMTC BS demodulation performance requirements were agreed and discussed:

· Defined BS PRACH/PUCCH/PUSCH demodulation requirements 
· Option 1: Define one set of requirements, i.e. not separating requirements with respect to CE Mode A and CE Mode B
· one set of requirements to cover both FDD and TDD
· Other option are not preclude 
· Study and decide the combination of MCS and repetition level for BS demodulation performance requirements
Also, the PUSCH test case is defined:
· PUSCH

· Define a uniform set of requirements to cover both FDD and TDD
· Define one set of requirements to cover both FDD and TDD
· Introduce PUSCH demodulation requirement with repetition and frequency hopping
In this contribution, we provide the evaluation PUSCH simulation results for Cat-M.
2 Discussion
2.1 Simulation Assumptions for Cat-M PUSCH

Table 1 is the parameter for PUSCH simulation used for BS demodulation requirement [2]. The repetition values 8 and 256 are selected to verify the minimum number of maximum repetition number for each CE mode. 
The simulation assumptions are provided for evaluation. To decide the parameters in the final requirements, more study is needed.
Table 1
Parameters for Cat-M PUSCH.
	Parameters
	Values

	
	CE Mode A
	CE Mode B

	Maximum number of HARQ transmissions
	4
	2

	RV sequences
	{0, 2, 3, 1, 0, 2, 3, 1,…}
	{0, 2, 3, 1, 0, 2, 3, 1,…}

	Uplink-downlink allocation for TDD
	Configuration (2:2)
	Configuration (2:2)

	Propagation conditions
	EPA5
	Option 1: EPA1

Option 2: ETU1 

	Number of Tx antennas
	1
	1

	Number of Rx antennas 
	2, [4, 8]
	2, [4, 8]

	Antenna correlation
	Low
	Low

	Channel bandwidth (MHz)
	[1.4], 3, 5, 10, 15, 20
	[1.4], 3, 5, 10, 15, 20

	Cyclic prefix
	Normal
	Normal

	Number of PUSCH repetitions
	[8]
	[256]

	Frequency hopping interval
	4: FDD

5: TDD
	4: FDD

5: TDD

	MCS
	1/3 QPSK (See Table 2)
	1/3 QPSK (See Table 2)


2.2 Simulation results (to be updated)
The link level simulation results for the Cat-M PUSCH with different format is given in Table 2 to Table11.

Table 2 Minimum requirements for PUSCH, 3 MHz Channel Bandwidth for CEModeA, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	On
	

	
	
	
	
	
	Off
	


Table 3 Minimum requirements for PUSCH, 5 MHz Channel Bandwidth for CEModeA, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	On
	-10.4

	
	
	
	
	
	Off
	-9.5


Table 4 Minimum requirements for PUSCH, 10 MHz Channel Bandwidth for CEModeA, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	On
	

	
	
	
	
	
	Off
	


Table 5 Minimum requirements for PUSCH, 15 MHz Channel Bandwidth for CEModeA, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	On
	

	
	
	
	
	
	Off
	


Table 6 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth for CEModeA, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	On
	

	
	
	
	
	
	Off
	


Table 7 Minimum requirements for PUSCH, 3 MHz Channel Bandwidth for CEMode B, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	ETU 5Hz Low
	Ax-1
	70%
	On
	-17

	
	
	
	
	
	Off
	-16.5


Table 8 Minimum requirements for PUSCH, 5 MHz Channel Bandwidth for CEMode B, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	ETU 5Hz Low
	Ax-1
	70%
	On
	-17.1

	
	
	
	
	
	Off
	-16.7


Table 9 Minimum requirements for PUSCH, 10 MHz Channel Bandwidth for CEMode B, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	ETU 5Hz Low
	Ax-1
	70%
	On
	-17

	
	
	
	
	
	Off
	-16.5


Table 10 Minimum requirements for PUSCH, 15 MHz Channel Bandwidth for CEMode B, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	ETU 5Hz Low
	Ax-1
	70%
	On
	-17

	
	
	
	
	
	Off
	-16.5


Table 11 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth for CEMode B, 1Tx, 
	Number of RX antennas


	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	Frequency hopping
	SNR
[dB]

	2
	Normal
	ETU 5Hz Low
	Ax-1
	70%
	On
	-16.8

	
	
	
	
	
	Off
	-16.5


3 Conclusion

In this contribution, we present the PUSCH simulation results as per approved assumption in [2] for the cat-M UE.
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