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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 test cases are defined:
· PRACH

· Define the Cat-M PRACH performance requirements in terms of the probabilities of [0.1%] false alarm and [99%] detection probability as the requirement for regular UEs
· Define Performance for preamble format 0 ~ format 3 except format 4 with repetition and frequency hopping
· No need to have Cat-M PRACH performance requirements for high speed mod
· PUCCH

· Define a uniform set of requirements to cover both FDD and TDD
· Introduce PUCCH demodulation requirements for format 1a and format 2 with repetition and frequency hopping
· 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 simulation results for Cat-M, including PRACH, PUSCH.
2 Discussion
2.1 Performance for Cat-M PRACH

2.1.1 Simulation Assumptions for Cat-M PRACH

As specified in 2[]
, the simulation assumptions for Cat-M PRACH detection requirements can  be referred as Table 1 and Table 2 , the current PRACH detection requirement [3] and [4] , and simulation assumptions presented in [5]. The false alarm probability shall be less than or equal to 0.1%, and the probability of detection shall be equal to or exceed 99%. 

Table 1 Cat-M PRACH Simulation Assumption
	Parameters
	Values
	Comments

	PRACH format
	Format 0,Format 1,Format 2,Format 3
	6

	Propagation conditions
	AWGN,EPA1
	Due to the low mobility of Cat-M UEs using EPA5 as in RLM requirements

	Number of TX antennas
	1
	

	Number of RX antenna
	2,[4,8]
	

	Antenna correlation
	Low
	

	Noise model
	AWGN
	

	Timing offset
	Randomly in the range of [0~1]us
	

	Repetition level
	Baseline

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 reserved for Cat-M UEs
	16
	The size of preamble pool has impacted on detection performance 

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

	Frequency hopping
	OFF
	


Table2 Test preambles for Normal Mode (From Table A..6-1 in TS 36.104 [3]
	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22

22

22

22
	32

	1
	13
	
	2

	2
	13
	
	0

	3
	0
	
	0


2.1.2 Simulation results
The link level simulation results for the Cat-M PRACH with different format is given in Table 3.
Table 3. Cat-M PRACH missed detection requirements (1Tx) 
	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
	-
	-
	-23.1
	-23.0

	
	
	
	8
	-23.6
	-23.1
	-
	-

	
	
	
	16
	-
	-
	-27.1
	-26.9

	
	
	
	32
	-27.2
	-27.2
	-
	-

	
	EPA5 Low
	[270] Hz
	4
	-
	-
	-14.0
	-13.1

	
	
	
	8
	-16.0
	-15.4
	-
	-

	
	
	
	16
	-
	-
	-21.0
	-20.5

	
	
	
	32
	-22.7
	-22.4
	-
	-


2.2 Performance for Cat-M PUSCH

2.2.1 Simulation Assumptions for Cat-M PUSCH

Table 4 is the parameter for PUSCH simulation used for BS demodulation requirement [5]. 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 4
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)


2.2.2 Simulation results 
The link level simulation results for the Cat-M PUSCH with different format is given in Table 5 to table 8.
Table 5. Cat-M PUSCH SNR performance requirements without frequency hopping CE Mode A 
	Channel bandwidth
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix 
	FRC
	Fraction of maximum throughput
	SNR
[dB]

	3MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-9.1

	5MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-9.1

	10MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-9

	15MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-9

	20MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-9


Table 6. Cat-M PUSCH SNR performance requirements with frequency hopping CE Mode A 
	Channel bandwidth
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix 
	FRC
	Fraction of maximum throughput
	SNR
[dB]

	3MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-9.5

	5MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.1

	10MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.1

	15MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.1

	20MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.2


Table 7. Cat-M PUSCH SNR performance requirements without frequency hopping CE Mode B 
	Channel bandwidth
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix 
	FRC
	Fraction of maximum throughput
	SNR
[dB]

	3MHz
	2
	Normal
	ETU 1Hz Low
	Ax-1
	70%
	-16.5

	5MHz
	2
	Normal
	ETU 1Hz Low
	Ax-1
	70%
	-16.7

	10MHz
	2
	Normal
	ETU 1Hz Low
	Ax-1
	70%
	-16.5

	15MHz
	2
	Normal
	ETU 1Hz Low
	Ax-1
	70%
	-16.5

	20MHz
	2
	Normal
	ETU 1Hz Low
	Ax-1
	70%
	-16.5


Table 8. Cat-M PUSCH SNR performance requirements with frequency hopping CE Mode B 
	Channel bandwidth
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix 
	FRC
	Fraction of maximum throughput
	SNR
[dB]

	3MHz
	2
	Normal
	ETU 1Hz Low
	Ax-1
	70%
	-17

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

	10MHz
	2
	Normal
	ETU 1Hz Low
	Ax-1
	70%
	-17

	15MHz
	2
	Normal
	ETU 1Hz Low
	Ax-1
	70%
	-17

	20MHz
	2
	Normal
	ETU 1Hz Low
	Ax-1
	70%
	-16.8
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3 Conclusion

In this contribution, we present simulation results as per approved assumption in [2], [5] and [6] for the cat-M UE, included as PRACH, PUSCH.
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