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1 Introduction

In this paper, additional system-level simulation results for shortened TTI (sTTI) with uplink (UL) traffic are presented to complete the system evaluation shown in [1]. The results include the performance comparison for different sTTI lengths and methods to reduce the DMRS overhead.

2 Discussion

System level simulation results with uplink traffic have been presented in [1] for FTP traffic model 3 and a file size of 100kB. In this contribution, the performance of different TTI lengths: 14 symbols TTI (legacy), 7 OFDM symbols sTTI, 3/4 symbols sTTI and 2 symbols TTI is evaluated using FTP traffic model 3 with different file sizes. The results in this paper assume a core network delay of 10ms. Simulation assumptions are described in the Annex (section 5.1).
2.1 Performance with different short TTI lengths
We present in this section the short TTI results for UL transmissions considering the DMRS insertion for every TTI and also a dynamic DMRS insertion. As discussed already in [1], the dynamic DMRS insertion relies on DMRS transmissions every second TTI when the UE has been scheduled in consecutive TTIs.

Figure 1 and Table 1 show the results related to a file size of 100kB considering 14, 7, 3/4 and 2 symbols TTI lengths. As it can be seen, 2, 3/4 and 7 symbol TTI lengths provide large gains at very low load (more than 80%). However, the UL performance with 2 symbol TTI drops quickly with increasing system load. This is due to the DMRS symbol included in every 2 symbol TTI and that represents a 50% DMRS overhead. In order to reduce the DMRS overhead for 2 symbol TTI, dynamic insertion of the DMRS, also called DMRS sharing, can be considered as described in [2]. If the same UE is scheduled on two consecutive sTTIs, DMRS is not included in the second sTTI. Figure 1 shows that the performance of 2 symbol TTI is improved significantly with dynamic DMRS insertion and outperforms 3/4 and 7 symbol TTIs for all considered load points. 
Observation 1 High user performance gain can be achieved with short TTI in UL at low load
Observation 2 Dynamic DMRS insertion improves significantly the performance of 2-symbol TTI at medium to high load

Observation 3 2 symbol TTI with dynamic DMRS insertion provides larger performance benefits than 3/4 symbol TTI and slot based TTI
Proposal 1 It is recommended to support 2 symbol TTI length for sPUSCH
Proposal 2 It is recommended to support dynamic insertion of DMRS for sPUSCH, where DMRS is not transmitted in every short TTI if the UE is scheduled in multiple sTTIs.
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Figure 1
Uplink median FTP object bitrate (100 kB file size)
Table 1
Uplink transmission results with 100kB file transfer
	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	3/4 OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS

	UL:
UPT CDF
[Mbps]
	5%
	0.49
	0.80
	0.60
	0.52
	0.35
	0.49
	0.42
	0.32
	0.38
	0.41
	0.37
	0.29

	
	50%
	2.07
	3.01
	3.41
	3.10
	1.72
	2.30
	2.22
	1.71
	1.19
	1.53
	1.53
	1.21

	
	95%
	3.54
	4.92
	5.08
	4.79
	4.17
	4.87
	5.24
	4.27
	4.45
	4.53
	4.02
	3.91

	
	Mean
	2.03
	2.86
	3.10
	2.87
	1.84
	2.34
	2.44
	2.03
	1.59
	1.82
	1.77
	1.56

	UL:
Delay CDF
[s]
	5%
	0.29
	0.20
	0.18
	0.17
	0.24
	0.20
	0.18
	0.19
	0.23
	0.20
	0.22
	0.20

	
	50%
	0.39
	0.27
	0.24
	0.27
	0.48
	0.37
	0.39
	0.54
	0.75
	0.62
	0.59
	0.73

	
	95%
	1.74
	1.03
	1.26
	1.64
	2.44
	1.62
	1.91
	2.52
	2.07
	1.92
	2.09
	2.78

	
	Mean
	0.58
	0.41
	0.41
	0.54
	0.77
	0.60
	0.64
	0.93
	0.89
	0.83
	0.85
	1.02

	RU (%)
	20.00
	20.55
	23.06
	31.02
	40.00
	47.94
	51.13
	57.41
	50.00
	61.68
	65.96
	70.23

	Notes:
	CN delay = 10ms, macro scenario, DMRS in every sTTI, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI)

	 
	14 OS
	7 OS
	3/4  OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS
	14 OS
	7 OS
	3/4  OS
	2 OS

	UL:
UPT CDF
[Mbps]
	5%
	0.49
	0.80
	0.60
	0.83
	0.35
	0.49
	0.42
	0.47
	0.38
	0.41
	0.37
	0.38

	
	50%
	2.07
	3.01
	3.41
	4.00
	1.72
	2.30
	2.22
	2.69
	1.19
	1.53
	1.53
	2.18

	
	95%
	3.54
	4.92
	5.08
	6.29
	4.17
	4.87
	5.24
	6.31
	4.45
	4.53
	4.02
	5.43

	
	Mean
	2.03
	2.86
	3.10
	3.63
	1.84
	2.34
	2.44
	2.87
	1.59
	1.82
	1.77
	2.35

	UL:
Delay CDF
[s]
	5%
	0.29
	0.20
	0.18
	0.15
	0.24
	0.20
	0.18
	0.15
	0.23
	0.20
	0.22
	0.16

	
	50%
	0.39
	0.27
	0.24
	0.20
	0.48
	0.37
	0.39
	0.32
	0.75
	0.62
	0.59
	0.41

	
	95%
	1.74
	1.03
	1.26
	0.96
	2.44
	1.62
	1.91
	1.71
	2.07
	1.92
	2.09
	2.07

	
	Mean
	0.58
	0.41
	0.41
	0.38
	0.77
	0.60
	0.64
	0.56
	0.89
	0.83
	0.85
	0.76

	RU (%)
	20.00
	20.55
	23.06
	21.15
	40.00
	47.94
	51.13
	46.29
	50.00
	61.68
	65.96
	60.95

	Notes:
	CN delay = 10ms, macro scenario, DMRS in every second sTTI for 2 OS TTI, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI)


The results for uplink transmissions with other different file sizes (100 kbit, 500 kB and 1 MB) are presented in the following. These results show also significant gains with short TTI lengths.
2.1.1 FTP Transfer: 1 MB file size
	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	3/4  OS
	2 OS
	14 OS
	7 OS
	3/4  OS
	2 OS
	14 OS
	7 OS
	3/4  OS
	2 OS

	UL:
UPT CDF
[Mbps]
	5%
	0.56
	0.86
	0.59
	0.52
	0.51
	0.61
	0.59
	0.35
	0.51
	0.54
	0.55
	0.38

	
	50%
	6.57
	6.89
	6.15
	4.18
	4.28
	3.51
	3.12
	2.12
	2.87
	2.44
	2.24
	1.60

	
	95%
	10.22
	12.11
	12.74
	9.70
	9.60
	10.80
	10.90
	7.53
	9.03
	9.15
	8.84
	5.42

	
	Mean
	5.91
	6.76
	6.41
	4.58
	4.79
	4.58
	4.29
	2.81
	3.78
	3.44
	3.15
	2.06

	UL:
Delay CDF
[s]
	5%
	0.78
	0.66
	0.62
	0.82
	0.82
	0.74
	0.73
	1.05
	0.89
	0.88
	0.91
	1.52

	
	50%
	1.31
	1.26
	1.37
	2.22
	2.25
	2.49
	2.79
	4.68
	3.96
	3.73
	4.29
	5.47

	
	95%
	12.12
	7.91
	12.02
	15.03
	15.15
	12.76
	13.18
	22.66
	15.40
	14.72
	14.62
	20.16

	
	Mean
	3.41
	2.50
	3.16
	4.27
	4.37
	3.87
	4.54
	7.44
	5.57
	5.40
	5.91
	7.86

	RU (%)
	20.00
	19.56
	22.54
	31.41
	40.00
	45.22
	47.91
	57.31
	50.00
	59.64
	62.98
	70.02

	Notes:
	CN delay = 10ms, macro scenario, DMRS in every sTTI, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI)

	 
	14 OS
	7 OS
	3/4  OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS
	14 OS
	7 OS
	3/4  OS
	2 OS

	UL:
UPT CDF
[Mbps]
	5%
	0.56
	0.86
	0.59
	0.76
	0.51
	0.61
	0.59
	0.60
	0.51
	0.54
	0.55
	0.52

	
	50%
	6.57
	6.89
	6.15
	6.84
	4.28
	3.51
	3.12
	3.59
	2.87
	2.44
	2.24
	2.53

	
	95%
	10.22
	12.11
	12.74
	13.77
	9.60
	10.80
	10.90
	11.50
	9.03
	9.15
	8.84
	9.76

	
	Mean
	5.91
	6.76
	6.41
	7.01
	4.79
	4.58
	4.29
	4.69
	3.78
	3.44
	3.15
	3.59

	UL:
Delay CDF
[s]
	5%
	0.78
	0.66
	0.62
	0.57
	0.82
	0.74
	0.73
	0.71
	0.89
	0.88
	0.91
	0.82

	
	50%
	1.31
	1.26
	1.37
	1.26
	2.25
	2.49
	2.79
	2.56
	3.96
	3.73
	4.29
	4.00

	
	95%
	12.12
	7.91
	12.02
	9.72
	15.15
	12.76
	13.18
	12.15
	15.40
	14.72
	14.62
	15.39

	
	Mean
	3.41
	2.50
	3.16
	3.53
	4.37
	3.87
	4.54
	4.06
	5.57
	5.40
	5.91
	5.61

	RU (%)
	20.00
	19.56
	22.54
	21.55
	40.00
	45.22
	47.91
	46.18
	50.00
	59.64
	62.98
	59.28

	Notes:
	CN delay = 10ms, macro scenario, DMRS in every second sTTI for 2 OS TTI, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI)


2.1.2 FTP Transfer: 500 kB file size

	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	3/4  OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS

	UL:
UPT CDF
[Mbps]
	5%
	0.54
	0.85
	0.81
	0.51
	0.47
	0.59
	0.59
	0.40
	0.50
	0.48
	0.43
	0.36

	
	50%
	5.34
	6.10
	5.74
	4.22
	3.27
	3.43
	3.15
	2.01
	2.27
	2.17
	1.92
	1.53

	
	95%
	6.89
	8.98
	10.07
	8.34
	6.65
	8.46
	8.92
	6.76
	6.74
	7.77
	7.26
	5.58

	
	Mean
	4.67
	5.58
	5.48
	4.30
	3.58
	3.99
	3.86
	2.75
	2.98
	3.04
	2.78
	2.07

	UL:
Delay CDF
[s]
	5%
	0.58
	0.45
	0.40
	0.47
	0.60
	0.47
	0.45
	0.60
	0.60
	0.52
	0.55
	0.68

	
	50%
	0.76
	0.67
	0.75
	1.07
	1.36
	1.29
	1.56
	2.33
	2.32
	2.38
	2.54
	3.10

	
	95%
	6.42
	4.72
	4.78
	8.18
	8.47
	6.53
	6.61
	9.95
	8.10
	8.10
	9.04
	11.14

	
	Mean
	1.84
	1.32
	1.62
	2.21
	2.55
	2.15
	2.35
	3.46
	3.25
	3.06
	3.52
	4.46

	RU (%)
	20.00
	20.83
	23.36
	32.26
	40.00
	45.78
	48.65
	57.19
	50.00
	58.93
	63.43
	68.26

	Notes:
	CN delay = 10ms, macro scenario, DMRS in every sTTI, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI)

	 
	14 OS
	7 OS
	3/4  OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS

	UL:
UPT CDF
[Mbps]
	5%
	0.54
	0.85
	0.81
	0.78
	0.47
	0.59
	0.59
	0.63
	0.46
	0.44
	0.42
	0.46

	
	50%
	5.34
	6.10
	5.74
	6.90
	3.27
	3.43
	3.15
	3.63
	1.76
	1.75
	1.48
	1.97

	
	95%
	6.89
	8.98
	10.07
	11.10
	6.65
	8.46
	8.92
	9.90
	6.53
	6.74
	6.59
	8.19

	
	Mean
	4.67
	5.58
	5.48
	6.33
	3.58
	3.99
	3.86
	4.34
	2.55
	2.50
	2.37
	2.88

	UL:
Delay CDF
[s]
	5%
	0.58
	0.45
	0.40
	0.36
	0.60
	0.47
	0.45
	0.40
	0.61
	0.60
	0.60
	0.48

	
	50%
	0.76
	0.67
	0.75
	0.60
	1.36
	1.29
	1.56
	1.34
	2.98
	2.81
	3.33
	2.44

	
	95%
	6.42
	4.72
	4.78
	5.00
	8.47
	6.53
	6.61
	6.34
	8.64
	8.99
	9.40
	8.65

	
	Mean
	1.84
	1.32
	1.62
	1.66
	2.55
	2.15
	2.35
	2.12
	3.69
	3.58
	3.97
	3.40

	RU (%)
	20.00
	20.83
	23.36
	21.37
	40.00
	45.78
	48.65
	45.42
	55.00
	67.10
	69.51
	67.63

	Notes:
	CN delay = 10ms, macro scenario, DMRS in every second sTTI for 2 OS TTI, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI)


2.1.3 FTP Transfer: 100 kbit file size

	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	3/4  OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS
	14 OS
	7 OS
	3/4  OS
	2 OS

	UL:
UPT CDF
[Mbps]
	5%
	0.28
	0.49
	0.41
	0.34
	0.18
	0.32
	0.29
	0.19
	0.27
	0.29
	0.27
	0.24

	
	50%
	0.76
	1.12
	1.27
	1.25
	0.74
	1.08
	1.24
	1.03
	0.49
	0.61
	0.65
	0.66

	
	95%
	1.38
	1.81
	2.25
	2.23
	1.46
	1.89
	2.21
	2.04
	1.12
	1.48
	1.73
	1.80

	
	Mean
	0.80
	1.12
	1.27
	1.24
	0.76
	1.08
	1.22
	1.04
	0.55
	0.71
	0.80
	0.80

	UL:
Delay CDF
[s]
	5%
	0.09
	0.06
	0.05
	0.05
	0.09
	0.06
	0.05
	0.05
	0.11
	0.08
	0.06
	0.06

	
	50%
	0.14
	0.09
	0.08
	0.08
	0.15
	0.10
	0.09
	0.11
	0.21
	0.17
	0.17
	0.16

	
	95%
	0.40
	0.21
	0.28
	0.31
	0.60
	0.37
	0.37
	0.60
	0.37
	0.35
	0.37
	0.43

	
	Mean
	0.18
	0.12
	0.12
	0.13
	0.21
	0.14
	0.13
	0.20
	0.22
	0.19
	0.18
	0.20

	RU (%)
	20.00
	25.41
	25.81
	34.13
	30.00
	42.15
	44.31
	54.08
	40.00
	61.11
	62.97
	66.18

	Notes:
	CN delay = 10ms, macro scenario, DMRS in every sTTI, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI)

	 
	14 OS
	7 OS
	3/4  OS
	2 OS
	14 OS
	7 OS
	3/4 OS
	2 OS
	14 OS
	7 OS
	3/4  OS
	2 OS

	UL:
UPT CDF
[Mbps]
	5%
	0.28
	0.49
	0.41
	0.53
	0.18
	0.32
	0.29
	0.36
	0.27
	0.29
	0.27
	0.30

	
	50%
	0.76
	1.12
	1.27
	1.50
	0.74
	1.08
	1.24
	1.43
	0.49
	0.61
	0.65
	0.78

	
	95%
	1.38
	1.81
	2.25
	2.62
	1.46
	1.89
	2.21
	2.65
	1.12
	1.48
	1.73
	2.15

	
	Mean
	0.80
	1.12
	1.27
	1.52
	0.76
	1.08
	1.22
	1.47
	0.55
	0.71
	0.80
	0.96

	UL:
Delay CDF
[s]
	5%
	0.09
	0.06
	0.05
	0.05
	0.09
	0.06
	0.05
	0.05
	0.11
	0.08
	0.06
	0.05

	
	50%
	0.14
	0.09
	0.08
	0.07
	0.15
	0.10
	0.09
	0.07
	0.21
	0.17
	0.17
	0.14

	
	95%
	0.40
	0.21
	0.28
	0.22
	0.60
	0.37
	0.37
	0.31
	0.37
	0.35
	0.37
	0.35

	
	Mean
	0.18
	0.12
	0.12
	0.10
	0.21
	0.14
	0.13
	0.11
	0.22
	0.19
	0.18
	0.17

	RU (%)
	20.00
	25.41
	25.81
	23.32
	30.00
	42.15
	44.31
	39.91
	40.00
	61.11
	62.97
	60.01

	Notes:
	CN delay = 10ms, macro scenario, DMRS in every second sTTI for 2 OS TTI, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI)


3 Conclusion

In this contribution we provided simulation results of FTP download with different file sizes and transport network delays. The above discussion is summarized with the following observations and proposals:
Observation 4 High user performance gain can be achieved with short TTI in UL at low load
Observation 5 Dynamic DMRS insertion improves significantly the performance of 2-symbol TTI at medium to high load

Observation 6 2 symbol TTI with dynamic DMRS insertion provides larger performance benefits than 3/4 symbol TTI and slot based TTI
Proposal 3 It is recommended to support 2 symbol TTI length for sPUSCH
Proposal 4 It is recommended to support dynamic insertion of DMRS for sPUSCH, where DMRS is not transmitted in every short TTI if the UE is scheduled in multiple sTTIs.
4 References

[1] R1-163312, System level evaluation of short TTI, Ericsson, RAN1#84bis, April 2016
[2] R1-165296, Physical design aspects of sPUSCH, Ericsson, RAN1#85, May 2016
5 Annex
5.1 Simulator setup

5.1.1 Scenario parameters

	Parameter
	Value

	Number of sites, sectors per site
	7, 3

	Inter-site distance
	500m

	UE dropping
	Random uniform, 80% indoor

	UE speed
	0 (no mobility)

	UE Multipath speed
	3 km/h 

	Frequency, duplex
	2 GHz, FDD

	Bandwidth
	10 MHz

	TX power
	46 dBm (eNB), 0.25 dBm (UE)

	Antenna heights
	25m (eNB), 1.5m (UE)

	N TX antennas x M RX antennas
	2x2 (eNB), 1x2 (UE)

	Transmission mode, MIMO
	TM4, 2x2 (DL), 1x2 (UL)

	Antenna pattern
	3GPP TR36.819

	Noise figure
	5dB (eNB), 9dB (UE)

	FTP download file size
	100Kbits, 100kB, 500KB, 1MB

	FTP model
	3

	Fast Fading Model
	ITU Uma TR36.819

	Pathloss Model
	ITU Uma TR36.814

	TCP Configuration
	Slow Start: Exponential default

Congestion Avoidance: Reno

Initial Window Size: 3

Slow Start Restart: 1s

TCP congestion window increase during slowstart: according to RFC2581, unless otherwise mentioned


5.1.2 System parameters

	Parameter
	Value

	Number of PDCCH symbols
	2

	CQI report delay
	6ms

	Link adaptation
	According to TBS selection from Section 2.1.1;
Outer-loop correction (Target BLER 10%)

	Core, transport, and internet delay
	0ms, 10ms

	RLC AM max ReTX threshold
	32

	Scheduler algorithm
	Proportional fair

	UL access
	SR-based

	UL retransmissions
	Non-adaptive


	Parameter
	14 symbols TTI
	7 symbols TTI
	3/4 symbols TTI
	2 symbols TTI

	SRS period
	10ms / 10 TTI
	10ms / 20 TTI
	10ms / 35 TTI
	10ms / 70 TTI

	CQI period
	5ms / 5 TTI
	5ms / 10 TTI
	5ms / 18 TTI
	5ms / 35 TTI

	SR period
	1ms / 1 TTI
	0.5ms / 1 TTI
	2/7ms / 1 TTI
	1/7ms / 1 TTI

	sPDCCH size
	0
	dynamic
	dynamic
	dynamic

	PUCCH TTI
	14 symbols
	7 symbols
	3/4 symbols
	2 symbols

	PUCCH allocation
	1 PRB
	5 PRB
	5 PRB
	5 PRB

	UL DMRS symbols
	2
	1
	1
	1

	TBS selection
	PRB based
	RE based
	RE based
	RE based

	UL grant to data delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	SR to UL grant delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	UL HARQ delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	DL HARQ delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	DL HARQ to reTx delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	Number of STTI bands in UL/DL
	No limit
	4
	4
	4

	DL sTTI band minimum size
	1 PRB
	12 PRB
	12 PRB
	12 PRB

	UL sTTI band minimum size
	1 PRB
	10 PRB
	10 PRB
	10 PRB
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