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1 Introduction
The new work item processing time reduction and Shorten TTI was approved for the support of massive number of devices in narrow bandwidth [1]. 

In RAN4#86 meeting, the list of new Test Models have been agreed ([3]). Test models were proposed at last RAN4#86bis meeting [4] but they were considered not representative enough. Companies promised to come at RAN4#87 meeting with new proposals. This contribution describes our proposal for sTTI test models.
2 Discussion 
2.1 Background

Shortened TTI feature has been specified considering:

· 2/3-symbols and 1-slot sTTI for FDD.

· 1-slot sTTI for TDD.

The new Test Models for sTTI should then considered those new time interval in their definition.
2.2 Agreements
As mentioned in [3] and approved in last RAN4#86 meeting, following tests should considered the new test models for sTTI:

· The total power dynamic range test procedure shall be updated.

· EVM test procedure shall be updated.
And so, the new Test Models here after should be specified:
· sE-TM 2 for EVM and total power dynamic range.

· sE-TM 3.1 for total power dynamic range
· sE-TM 3.2 for EVM.
· sE-TM 3.3 for EVM.
2.3 Proposed test models
2.3.1 Methodology
The method to build the test models is the following:

· Start from E-UTRA test models, reusing the PRBs allocation, but instead of doing this allocation for one subframe (1ms TTI), the same allocation is done for one sTTI period (sub-slot or slot TTI).

· After N sub-slot or slot TTIs, all subframe allocations for subframe TTI would be re-used. Restart then from the PRB allocation done for the 1st TTI subframe.
This proposed methodology has been used to build the examples here after based on E-TM2: the sTTI test model with -1 extension would be specified to test subslot requirements, and the other one with -2 extension to test slot requirements.

2.3.2 Examples
6.1.1.x
E-UTRA subslot TTI Test Model 2-1 (sE-TM2-1)

This model shall be used to test following sub-slot TTI requirements:

-
Total power dynamic range (lower OFDM symbol power limit at min power),

-
EVM of single 64QAM PRB allocation (at min power)

-
Frequency error (at min power)

Table 6.1.1.3-1: Physical channel parameters of sE-TM2-1
	Parameter
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Reference, Synchronisation Signals
	
	
	
	
	
	

	RS boosting, PB = EB/EA
	1
	1
	1
	1
	1
	1

	Synchronisation signal EPRE / ERS [dB]
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Reserved EPRE / ERS [dB]
	-inf
	-inf
	-inf
	-inf
	-inf
	-inf

	PBCH
	
	
	
	
	
	

	PBCH EPRE / ERS [dB]
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Reserved EPRE / ERS [dB]
	-inf
	-inf
	-inf
	-inf
	-inf
	-inf

	PCFICH
	
	
	
	
	
	

	# of symbols used for control channels
	2
	1
	1
	1
	1
	1

	PCFICH EPRE / ERS [dB]
	0
	0
	0
	0
	0
	0

	PHICH
	
	
	
	
	
	

	# of PHICH groups
	1
	1
	1
	2
	2
	3

	# of PHICH per group
	2
	2
	2
	2
	2
	2

	PHICH BPSK symbol power / ERS [dB]
	-3.010
	-3.010
	-3.010
	-3.010
	-3.010
	-3.010

	PHICH group EPRE / ERS [dB]
	0
	0
	0
	0
	0
	0

	PDCCH
	
	
	
	
	
	

	# of available REGs
	23
	23
	43
	90
	140
	187

	# of PDCCH
	1
	1
	1
	1
	1
	1

	# of CCEs per PDCCH
	1
	1
	2
	2
	2
	2

	# of REGs per CCE
	9
	9
	9
	9
	9
	9

	# of REGs allocated to PDCCH 
	9
	9
	18
	18
	18
	18

	# of <NIL> REGs added for padding
	14
	14
	25
	72
	122
	169

	PDCCH REG EPRE / ERS [dB]
	0
	0
	0
	0
	0
	0

	<NIL> REG EPRE / ERS [dB]
	-inf
	-inf
	-inf
	-inf
	-inf
	-inf

	PDSCH
	
	
	
	
	
	

	# of 64QAM PDSCH PRBs within a slot for which EVM is measured
	1
	1
	1
	1
	1
	1

	PRB PA = EA/ERS [dB]
	0
	0
	0
	0
	0
	0

	# of PDSCH PRBs which are not allocated
	5
	14
	24
	49
	74
	99

	PRB PA = EA/ERS [dB]
	-inf
	-inf
	-inf
	-inf
	-inf
	-inf


Table 6.1.1.3-2: Numbers (
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	Subframe 0
	Subframe 1
	Subframe 2

	Subslot
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	4
	1
	1
	2
	5
	3
	0
	0
	5
	4
	4
	1
	1
	2
	1
	2
	5
	3
	0
	0
	5

	3 MHz
	13
	11
	13
	5
	9
	14
	6
	13
	0
	1
	13
	11
	13
	5
	13
	5
	9
	14
	6
	13
	0

	5 MHz
	8
	17
	21
	8
	22
	2
	9
	14
	0
	13
	8
	17
	21
	8
	21
	8
	22
	2
	9
	14
	0

	10 MHz
	16
	36
	19
	26
	42
	30
	17
	48
	9
	0
	16
	36
	19
	26
	19
	26
	42
	30
	17
	48
	9

	15 MHz
	32
	46
	18
	72
	22
	4
	31
	58
	27
	3
	32
	46
	18
	72
	18
	72
	22
	4
	31
	58
	27

	20 MHz
	63
	34
	44
	7
	94
	2
	97
	19
	56
	32
	63
	34
	44
	7
	44
	7
	94
	2
	97
	19
	56


	
	Subframe 3
	Subframe 4
	Subframe 5

	SubSlot
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	4
	4
	1
	1
	2
	1
	2
	5
	3
	0
	0
	5
	4
	4
	1
	1
	2
	1
	2
	5
	3

	3 MHz
	1
	13
	11
	13
	5
	13
	5
	9
	14
	6
	13
	0
	1
	13
	11
	13
	5
	13
	5
	9
	14

	5 MHz
	13
	8
	17
	21
	8
	21
	8
	22
	2
	9
	14
	0
	13
	8
	17
	21
	8
	21
	8
	22
	2

	10 MHz
	0
	16
	36
	19
	26
	19
	26
	42
	30
	17
	48
	9
	0
	16
	36
	19
	26
	19
	26
	42
	30

	15 MHz
	3
	32
	46
	18
	72
	18
	72
	22
	4
	31
	58
	27
	3
	32
	46
	18
	72
	18
	72
	22
	4

	20 MHz
	32
	63
	34
	44
	7
	44
	7
	94
	2
	97
	19
	56
	32
	63
	34
	44
	7
	44
	7
	94
	2


	
	Subframe 6
	Subframe 7
	Subframe 8

	SubSlot
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	0
	0
	5
	4
	4
	1
	1
	2
	1
	2
	5
	3
	0
	0
	5
	4
	4
	1
	1
	2
	1

	3 MHz
	6
	13
	0
	1
	13
	11
	13
	5
	13
	5
	9
	14
	6
	13
	0
	1
	13
	11
	13
	5
	13

	5 MHz
	9
	14
	0
	13
	8
	17
	21
	8
	21
	8
	22
	2
	9
	14
	0
	13
	8
	17
	21
	8
	21

	10 MHz
	17
	48
	9
	0
	16
	36
	19
	26
	19
	26
	42
	30
	17
	48
	9
	0
	16
	36
	19
	26
	19

	15 MHz
	31
	58
	27
	3
	32
	46
	18
	72
	18
	72
	22
	4
	31
	58
	27
	3
	32
	46
	18
	72
	18

	20 MHz
	97
	19
	56
	32
	63
	34
	44
	7
	44
	7
	94
	2
	97
	19
	56
	32
	63
	34
	44
	7
	44


	
	Subframe 9

	SubSlot
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	2
	5
	3
	0
	0
	5
	4
	
	

	3 MHz
	5
	9
	14
	6
	13
	0
	1
	
	

	5 MHz
	8
	22
	2
	9
	14
	0
	13
	
	

	10 MHz
	26
	42
	30
	17
	48
	9
	0
	
	

	15 MHz
	72
	22
	4
	31
	58
	27
	3
	
	

	20 MHz
	7
	94
	2
	97
	19
	56
	32
	
	


Table 6.1.1.3-3: Numbers (
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	Frame1
	Subframe 0
	Subframe 1
	Subframe 5

	Subslot
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	4
	5
	5
	2
	0
	0
	3
	4
	5
	5
	2
	0
	0
	3
	4
	5
	5
	2
	0
	0
	3

	3 MHz
	10
	14
	12
	5
	0
	1
	7
	10
	14
	12
	5
	0
	1
	7
	10
	14
	12
	5
	0
	1
	7

	5 MHz
	17
	24
	21
	8
	1
	2
	12
	17
	24
	21
	8
	1
	2
	12
	17
	24
	21
	8
	1
	2
	12

	10 MHz
	35
	49
	42
	17
	2
	4
	25
	35
	49
	42
	17
	2
	4
	25
	35
	49
	42
	17
	2
	4
	25

	15 MHz
	53
	74
	63
	26
	3
	6
	38
	53
	74
	63
	26
	3
	6
	38
	53
	74
	63
	26
	3
	6
	38

	20 MHz
	71
	99
	85
	35
	4
	8
	51
	71
	99
	85
	35
	4
	8
	51
	71
	99
	85
	35
	4
	8
	51


	Frame1
	Subframe 6
	Subframe 7
	Subframe 8

	Subslot
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	4
	5
	5
	2
	0
	0
	3
	4
	5
	5
	2
	0
	0
	3
	4
	5
	5
	2
	0
	0
	3

	3 MHz
	10
	14
	12
	5
	0
	1
	7
	10
	14
	12
	5
	0
	1
	7
	10
	14
	12
	5
	0
	1
	7

	5 MHz
	17
	24
	21
	8
	1
	2
	12
	17
	24
	21
	8
	1
	2
	12
	17
	24
	21
	8
	1
	2
	12

	10 MHz
	35
	49
	42
	17
	2
	4
	25
	35
	49
	42
	17
	2
	4
	25
	35
	49
	42
	17
	2
	4
	25

	15 MHz
	53
	74
	63
	26
	3
	6
	38
	53
	74
	63
	26
	3
	6
	38
	53
	74
	63
	26
	3
	6
	38

	20 MHz
	71
	99
	85
	35
	4
	8
	51
	71
	99
	85
	35
	4
	8
	51
	71
	99
	85
	35
	4
	8
	51


	Frame1
	Subframe 9

	Subslot
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	4
	5
	5
	2
	0
	0
	3

	3 MHz
	10
	14
	12
	5
	0
	1
	7

	5 MHz
	17
	24
	21
	8
	1
	2
	12

	10 MHz
	35
	49
	42
	17
	2
	4
	25

	15 MHz
	53
	74
	63
	26
	3
	6
	38

	20 MHz
	71
	99
	85
	35
	4
	8
	51


	Frame2
	Subframe 0
	Subframe 1
	Subframe 5

	Subslot
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	4
	5
	2
	1
	3
	1
	4
	4
	5
	2
	1
	3
	1
	4
	4
	5
	2
	1
	3
	1
	4

	3 MHz
	11
	14
	5
	3
	8
	3
	11
	11
	14
	5
	3
	8
	3
	11
	11
	14
	5
	3
	8
	3
	11

	5 MHz
	18
	23
	8
	5
	13
	5
	19
	18
	23
	8
	5
	13
	5
	19
	18
	23
	8
	5
	13
	5
	19

	10 MHz
	37
	46
	17
	10
	26
	11
	38
	37
	46
	17
	10
	26
	11
	38
	37
	46
	17
	10
	26
	11
	38

	15 MHz
	56
	70
	25
	15
	40
	17
	57
	56
	70
	25
	15
	40
	17
	57
	56
	70
	25
	15
	40
	17
	57

	20 MHz
	75
	93
	34
	20
	53
	23
	76
	75
	93
	34
	20
	53
	23
	76
	75
	93
	34
	20
	53
	23
	76


	Frame2
	Subframe 6
	Subframe 7
	Subframe 8

	Subslot
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	4
	5
	2
	1
	3
	1
	4
	4
	5
	2
	1
	3
	1
	4
	4
	5
	2
	1
	3
	1
	4

	3 MHz
	11
	14
	5
	3
	8
	3
	11
	11
	14
	5
	3
	8
	3
	11
	11
	14
	5
	3
	8
	3
	11

	5 MHz
	18
	23
	8
	5
	13
	5
	19
	18
	23
	8
	5
	13
	5
	19
	18
	23
	8
	5
	13
	5
	19

	10 MHz
	37
	46
	17
	10
	26
	11
	38
	37
	46
	17
	10
	26
	11
	38
	37
	46
	17
	10
	26
	11
	38

	15 MHz
	56
	70
	25
	15
	40
	17
	57
	56
	70
	25
	15
	40
	17
	57
	56
	70
	25
	15
	40
	17
	57

	20 MHz
	75
	93
	34
	20
	53
	23
	76
	75
	93
	34
	20
	53
	23
	76
	75
	93
	34
	20
	53
	23
	76


	Frame2
	Subframe 9

	Subslot
	0
	1
	2
	3
	4
	5
	6

	1.4 MHz
	4
	5
	2
	1
	3
	1
	4

	3 MHz
	11
	14
	5
	3
	8
	3
	11

	5 MHz
	18
	23
	8
	5
	13
	5
	19

	10 MHz
	37
	46
	17
	10
	26
	11
	38

	15 MHz
	56
	70
	25
	15
	40
	17
	57

	20 MHz
	75
	93
	34
	20
	53
	23
	76


6.1.1.x
E-UTRA slot TTI Test Model 2-2 (sE-TM2-2)

This model shall be used to test following slot TTI requirements:

-
Total power dynamic range (lower OFDM symbol power limit at min power),

-
EVM of single 64QAM PRB allocation (at min power)

-
Frequency error (at min power)

Table 6.1.1.3-1: Physical channel parameters of sE-TM2-2
	Parameter
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Reference, Synchronisation Signals
	
	
	
	
	
	

	RS boosting, PB = EB/EA
	1
	1
	1
	1
	1
	1

	Synchronisation signal EPRE / ERS [dB]
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Reserved EPRE / ERS [dB]
	-inf
	-inf
	-inf
	-inf
	-inf
	-inf

	PBCH
	
	
	
	
	
	

	PBCH EPRE / ERS [dB]
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Reserved EPRE / ERS [dB]
	-inf
	-inf
	-inf
	-inf
	-inf
	-inf

	PCFICH
	
	
	
	
	
	

	# of symbols used for control channels
	2
	1
	1
	1
	1
	1

	PCFICH EPRE / ERS [dB]
	0
	0
	0
	0
	0
	0

	PHICH
	
	
	
	
	
	

	# of PHICH groups
	1
	1
	1
	2
	2
	3

	# of PHICH per group
	2
	2
	2
	2
	2
	2

	PHICH BPSK symbol power / ERS [dB]
	-3.010
	-3.010
	-3.010
	-3.010
	-3.010
	-3.010

	PHICH group EPRE / ERS [dB]
	0
	0
	0
	0
	0
	0

	PDCCH
	
	
	
	
	
	

	# of available REGs
	23
	23
	43
	90
	140
	187

	# of PDCCH
	1
	1
	1
	1
	1
	1

	# of CCEs per PDCCH
	1
	1
	2
	2
	2
	2

	# of REGs per CCE
	9
	9
	9
	9
	9
	9

	# of REGs allocated to PDCCH 
	9
	9
	18
	18
	18
	18

	# of <NIL> REGs added for padding
	14
	14
	25
	72
	122
	169

	PDCCH REG EPRE / ERS [dB]
	0
	0
	0
	0
	0
	0

	<NIL> REG EPRE / ERS [dB]
	-inf
	-inf
	-inf
	-inf
	-inf
	-inf

	PDSCH
	
	
	
	
	
	

	# of 64QAM PDSCH PRBs within a slot for which EVM is measured
	1
	1
	1
	1
	1
	1

	PRB PA = EA/ERS [dB]
	0
	0
	0
	0
	0
	0

	# of PDSCH PRBs which are not allocated
	5
	14
	24
	49
	74
	99

	PRB PA = EA/ERS [dB]
	-inf
	-inf
	-inf
	-inf
	-inf
	-inf


Table 6.1.1.3-2: Numbers (
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	Subframe 0
	Subframe 1
	Subframe 2
	Subframe 3
	Subframe 4
	Subframe 5
	Subframe 6
	Subframe 7
	Subframe 8
	Subframe 9

	Slot
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	1.4 MHz
	4
	1
	1
	2
	5
	3
	0
	0
	5
	4
	4
	1
	1
	2
	5
	3
	0
	0
	5
	4

	3 MHz
	13
	11
	13
	5
	9
	14
	6
	13
	0
	1
	13
	11
	13
	5
	9
	14
	6
	13
	0
	1

	5 MHz
	8
	17
	21
	8
	22
	2
	9
	14
	0
	13
	8
	17
	21
	8
	22
	2
	9
	14
	0
	13

	10 MHz
	16
	36
	19
	26
	42
	30
	17
	48
	9
	0
	16
	36
	19
	26
	42
	30
	17
	48
	9
	0

	15 MHz
	32
	46
	18
	72
	22
	4
	31
	58
	27
	3
	32
	46
	18
	72
	22
	4
	31
	58
	27
	3

	20 MHz
	63
	34
	44
	7
	94
	2
	97
	19
	56
	32
	63
	34
	44
	7
	94
	2
	97
	19
	56
	32


Table 6.1.1.3-3: Numbers (
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	Frame1
	Subframe 0
	Subframe 1
	Subframe 5
	Subframe 6
	Subframe 7
	Subframe 8
	Subframe 9

	Slot
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	1.4 MHz
	4
	5
	5
	2
	0
	0
	3
	4
	5
	5
	2
	0
	0
	3

	3 MHz
	10
	14
	12
	5
	0
	1
	7
	10
	14
	12
	5
	0
	1
	7

	5 MHz
	17
	24
	21
	8
	1
	2
	12
	17
	24
	21
	8
	1
	2
	12

	10 MHz
	35
	49
	42
	17
	2
	4
	25
	35
	49
	42
	17
	2
	4
	25

	15 MHz
	53
	74
	63
	26
	3
	6
	38
	53
	74
	63
	26
	3
	6
	38

	20 MHz
	71
	99
	85
	35
	4
	8
	51
	71
	99
	85
	35
	4
	8
	51


	Frame2
	Subframe 0
	Subframe 1
	Subframe 5
	Subframe 6
	Subframe 7
	Subframe 8
	Subframe 9

	Slot
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	1.4 MHz
	4
	5
	2
	1
	3
	1
	4
	4
	5
	2
	1
	3
	1
	4

	3 MHz
	11
	14
	5
	3
	8
	3
	11
	11
	14
	5
	3
	8
	3
	11

	5 MHz
	18
	23
	8
	5
	13
	5
	19
	18
	23
	8
	5
	13
	5
	19

	10 MHz
	37
	46
	17
	10
	26
	11
	38
	37
	46
	17
	10
	26
	11
	38

	15 MHz
	56
	70
	25
	15
	40
	17
	57
	56
	70
	25
	15
	40
	17
	57

	20 MHz
	75
	93
	34
	20
	53
	23
	76
	75
	93
	34
	20
	53
	23
	76


3 Conclusion
In this contribution, we further investigated how to specify new Test Models to test shortened TTI feature and proposed a method to define them based on existing sub-frame TTI Test Models.
Proposal: Specify shortened TTI Test Models using methodology specified in this contribution, re-using subframe allocation for each sub-slot or slot TTI. 
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