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1
Introduction
We have shown the system performance benefits of reducing TTI size on the downlink UE perceived throughput (UPT) as well as the resource usage (RU) in [3], following the evaluation methodology agreed in [1]. In this contribution, we re-report these results using the format specified in [4]. 
2
Low Latency Operation in LTE
Please refer to [2] for a brief description of the LTE low latency operation through reducing TTI size.
3
System performance

3.1 Simulations assumptions 

Please see 3.1 of [3] for key assumptions especially the company specific ones in [1]. 
3.2 Low latency benefits with TCP
The results of Figure 1 and Figure 2 of [3], on the performance of TCP with 100kb burst size, are re-tabulated in below Table 1.
Table 1 TCP performance with 100kb burst size, 10MHz BW, and Uu-only latency
	Parameters
	Low Load
	Medium Load
	High Load

	
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS

	UPT CDF [Mbps]
	5%
	-
	-
	-
	-
	1.61
	2.90
	5.55
	7.07
	1.43
	2.22
	3.44
	4.43

	
	50%
	-
	-
	-
	-
	2.33
	4.55
	12.3
	19.2
	2.33
	4.35
	10.9
	16.5

	
	95%
	-
	-
	-
	-
	2.94
	5.71
	18.4
	34.2
	2.94
	5.71
	17.5
	31.1

	
	Mean
	-
	-
	-
	-
	2.27
	4.25
	10.6
	15.5
	2.17
	3.80
	8.18
	11.5

	Burst Delay CDF

[ms]
	5%
	-
	-
	-
	-
	34.0
	17.5
	5.4
	2.9
	34.0
	17.5
	5.7
	3.2

	
	50%
	-
	-
	-
	-
	43.0
	22.0
	8.2
	5.2
	43.0
	23.0
	9.2
	6.1

	
	95%
	-
	-
	-
	-
	62.0
	34.5
	18.0
	14.1
	70.0
	45.0
	29.0
	22.6

	
	Mean
	-
	-
	-
	-
	44.0
	23.5
	9.4
	6.4
	46.2
	26.3
	12.2
	8.7

	Mean RU
	
	
	
	
	0.41
	0.37
	0.34
	0.31
	0.68
	0.64
	0.59
	0.54

	Lambda [Hz]
	
	1/0.12
	1/0.08

	Note
	TCP slow-start applies to each new traffic burst


The results of Figure 3 and Figure 4 of [3], on the performance of TCP with 100kB burst size, are re-tabulated in belowTable 2. 
Table 2 TCP performance with 100kB burst size, 10MHz BW, and Uu-only latency

	Parameters
	Low Load
	Medium Load
	High Load

	
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS

	UPT CDF [Mbps]
	5%
	6.50
	9.25
	11.8
	13.2
	5.23
	7.14
	9.14
	10.3
	1.67
	2.21
	2.98
	3.60

	
	50%
	10.4
	18.6
	36.3
	45.2
	9.76
	17.0
	31.1
	37.3
	8.16
	12.5
	19.1
	22.3

	
	95%
	12.9
	25.4
	65.8
	86.2
	12.9
	25.4
	64.3
	84.9
	12.7
	22.9
	48.7
	62.2

	
	Mean
	9.70
	16.3
	27.9
	33.1
	8.74
	14.2
	22.9
	27.0
	4.98
	7.03
	9.95
	11.9

	Burst Delay CDF

[s]
	5%
	0.062
	0.032
	0.012
	0.009
	0.062
	0.032
	0.012
	0.009
	0.063
	0.035
	0.016
	0.013

	
	50%
	0.077
	0.043
	0.022
	0.018
	0.082
	0.047
	0.026
	0.214
	0.098
	0.064
	0.042
	0.036

	
	95%
	0.123
	0.087
	0.068
	0.061
	0.153
	0.112
	0.088
	0.078
	0.479
	0.363
	0.268
	0.222

	
	Mean
	0.083
	0.049
	0.029
	0.024
	0.092
	0.056
	0.035
	0.030
	0.161
	0.114
	0.080
	0.068

	Mean RU
	0.21
	0.19
	0.18
	0.16
	0.38
	0.34
	0.30
	0.28
	0.88
	0.82
	0.77
	0.73

	Lambda [Hz]
	1/1.2
	1/0.8
	1/0.4

	Note
	TCP slow-start applies to each traffic burst 


The results of Figure 5 and Figure 6 of [3], on the performance of TCP with 500kB burst size, are re-tabulated in below Table 3.
Table 3 TCP performance with 500kB burst size, 10MHz, and Uu-only latency
	Parameters
	Low Load
	Medium Load
	High Load

	
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS

	UPT CDF [Mbps]
	5%
	-
	-
	-
	-
	6.85
	7.91
	8.57
	8.95
	3.02
	3.82
	3.88
	4.65

	
	50%
	-
	-
	-
	-
	21.5
	29.3
	34.7
	37.2
	16.5
	21.3
	23.5
	26.5

	
	95%
	-
	-
	-
	-
	33.6
	58.4
	86.9
	95.4
	31.5
	50.6
	68.6
	77.5

	
	Mean
	-
	-
	-
	-
	16.11
	20.8
	23.6
	25.2
	9.70
	12.4
	13.1
	15.3

	Delay CDF

[s]
	5%
	-
	-
	-
	-
	0.119
	0.069
	0.046
	0.042
	0.127
	0.079
	0.058
	0.052

	
	50%
	-
	-
	-
	-
	0.186
	0.137
	0.115
	0.108
	0.243
	0.188
	0.170
	0.151

	
	95%
	-
	-
	-
	-
	0.584
	0.506
	0.467
	0.447
	1.32
	1.05
	1.03
	0.860

	
	Mean
	-
	-
	-
	-
	0.248
	0.193
	0.170
	0.159
	0.412
	0.324
	0.305
	0.262

	Mean RU
	-
	-
	-
	-
	0.44
	0.40
	0.39
	0.38
	0.77
	0.72
	0.71
	0.67

	Lambda [Hz]
	-
	1/3.0
	1/2.0

	Note
	TCP slow-start applies to each traffic burst


The results of Figure 7 and Figure 8 of [3], on the performance of TCP with 1MB burst size, are re-tabulated in below Table 4.
Table 4 TCP performance with 1MB burst size, 10MHz BW, and Uu-only latency
	Parameters
	Low Load
	Medium Load
	High Load

	
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS

	UPT CDF [Mbps]
	5%
	-
	-
	-
	-
	7.50
	8.62
	8.81
	9.52
	4.32
	4.73
	4.76
	5.38

	
	50%
	-
	-
	-
	-
	26.4
	33.4
	36.1
	39.1
	20.1
	24.0
	24.5
	27.6

	
	95%
	-
	-
	-
	-
	42.8
	71.4
	91.4
	99.7
	40.0
	60.4
	72.7
	80.3

	
	Mean
	-
	-
	-
	-
	19.0
	23.2
	24.7
	26.6
	12.9
	15.0
	15.3
	17.0

	Delay CDF

[s]
	5%
	-
	-
	-
	-
	0.187
	0.112
	0.088
	0.080
	0.200
	0.133
	0.110
	0.100

	
	50%
	-
	-
	-
	-
	0.303
	0.240
	0.221
	0.205
	0.399
	0.334
	0.327
	0.290

	
	95%
	-
	-
	-
	-
	1.07
	0.929
	0.909
	0.840
	1.85
	1.69
	1.68
	1.49

	
	Mean
	-
	-
	-
	-
	0.422
	0.335
	0.324
	0.300
	0.619
	0.534
	0.524
	0.470

	Mean RU
	-
	-
	-
	-
	0.42
	0.39
	0.39
	0.37
	0.73
	0.69
	0.69
	0.65

	Lambda [Hz]
	-
	1/6.0
	1/4.0

	Note
	TCP slow start applies to each burst, consider Uu-only latency


 3.3 Low latency benefits with UDP
The results of Figure 10 and Figure 11 of [3], on the performance of UDP with 100kb burst size, are re-tabulated in below Table 5.
Table 5 UDP performance with 100kb burst size and 10MHz BW

	Parameters
	Low Load
	Medium Load
	High Load

	
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS

	UPT CDF [Mbps]
	5%
	-
	-
	-
	-
	3.54
	4.92
	6.65
	7.98
	2.25
	2.85
	3.71
	4.76

	
	50%
	-
	-
	-
	-
	7.49
	11.6
	21.2
	27.0
	6.32
	10.2
	17.4
	21.8

	
	95%
	-
	-
	-
	-
	12.1
	21.1
	46.1
	65.1
	11.7
	19.8
	41.0
	56.3

	
	Mean
	-
	-
	-
	-
	6.60
	10.1
	16.2
	20.3
	4.72
	6.89
	10.3
	13.7

	Delay CDF

[ms]
	5%
	-
	-
	-
	-
	8.3
	4.7
	2.2
	1.5
	8.5
	5.0
	2.4
	1.8

	
	50%
	-
	-
	-
	-
	13.4
	8.6
	4.7
	3.7
	15.8
	9.8
	5.7
	4.6

	
	95%
	-
	-
	-
	-
	28.3
	20.3
	15.0
	12.5
	44.5
	35.1
	27.0
	21.0

	
	Mean
	-
	-
	-
	-
	15.2
	9.9
	6.2
	4.9
	21.2
	14.5
	9.7
	7.3

	Mean RU
	-
	-
	-
	-
	0.34
	0.33
	0.31
	0.28
	0.60
	0.58
	0.54
	0.49

	Lambda [Hz]
	-
	1/0.12
	1/0.08


The results of Figure 12 and Figure 13 of [3], on the performance of UDP with 100kB burst size, are re-tabulated in below Table 6.
Table 6 UDP performance with 100kB burst size, 10MHz BW 

	Parameters
	Low Load
	Medium Load
	High Load

	
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS

	UPT CDF [Mbps]
	5%
	9.55
	11.3
	12.3
	13.3
	4.59
	5.91
	6.72
	7.20
	-
	-
	-
	-

	
	50%
	28.2
	35.8
	45.5
	48.9
	20.1
	25.7
	31.1
	33.5
	-
	-
	-
	-

	
	95%
	54.8
	73.5
	93.8
	102
	47.8
	65.3
	82.6
	91.9
	-
	-
	-
	-

	
	Mean
	22.2
	27.5
	32.2
	34.7
	13.0
	16.8
	19.8
	21.2
	-
	-
	-
	-

	Delay CDF

[ms]
	5%
	14.6
	10.9
	8.5
	7.8
	16.7
	12.2
	9.7
	8.7
	-
	-
	-
	-

	
	50%
	28.4
	22.3
	17.6
	16.4
	39.8
	31.2
	25.8
	23.9
	-
	-
	-
	-

	
	95%
	83.8
	70.9
	64.8
	60.0
	174
	135
	119
	111
	-
	-
	-
	-

	
	Mean
	36.0
	29.1
	24.9
	23.0
	61.6
	47.4
	40.5
	37.7
	-
	-
	-
	-

	Mean RU
	0.19
	0.18
	0.17
	0.16
	0.50
	0.45
	0.43
	0.41
	-
	-
	-
	-

	lambda [Hz]
	1/1.2
	1/0.6
	-


The results of Figure 14 of [3], on the performance of UDP with 1MBb burst size, are re-tabulated in below Table 7.
Table 7 UDP performance with 1MB burst size, 10MHz BW 
	Parameters
	Low Load
	Medium Load
	High Load

	
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS
	14OS
	7OS
	2OS
	1OS

	UPT CDF [Mbps]
	5%
	-
	-
	-
	-
	7.73
	8.26
	7.82
	8.82
	2.43
	2.90
	3.05
	3.45

	
	50%
	-
	-
	-
	-
	34.3
	36.7
	36.1
	38.3
	21.9
	23.7
	24.0
	25.8

	
	95%
	-
	-
	-
	-
	89.4
	95.1
	94.4
	101
	69.4
	74.2
	75.2
	80.3

	
	Mean
	-
	-
	-
	-
	22.3
	23.8
	23.0
	25.3
	5.11
	6.77
	6.44
	8.27

	Delay CDF

[s]
	5%
	-
	-
	-
	-
	0.089
	0.084
	0.085
	0.080
	0.115
	0.108
	0.106
	99.6

	
	50%
	-
	-
	-
	-
	0.233
	0.218
	0.221
	0.206
	0.365
	0.338
	0.334
	0.310

	
	95%
	-
	-
	-
	-
	1.04
	0.969
	1.02
	0.907
	3.29
	2.75
	2.62
	2.32

	
	Mean
	-
	-
	-
	-
	0.359
	0.336
	0.349
	0.316
	1.56
	1.18
	1.24
	0.967

	Mean RU
	-
	-
	-
	-
	0.40
	0.38
	0.39
	0.37
	0.72
	0.69
	0.69
	0.67

	Lambda [Hz]
	-
	1/6.0
	1/4.0


4
Conclusions 
In this contribution, we illustrated the potential benefits of low latency design on UE perceiver latency and network throughput based on the agreed evaluation methodology in [1]. The results are reported accordingly the agreed reporting format. Significant benefits are observed and the shorter the TTI the better the results. Therefore, we draw the following observation:

Observation: Shorter TTI, faster ACK/NACK and faster CSI feedback can significantly improve UE experience and network throughput.   
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