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1 Introduction

In RAN#67, the study item on latency reduction was approved [1]. 
The overall simulation assumptions for system-level evaluations were agreed in RAN1#83 [2] and the control overhead assumption was additionally agreed in RAN1#84 [3]. 

In this contribution, we provide system-level evaluation results for TTI shortening and discuss the effects of file size and RU in FTP traffic model on latency performance. 
2 Evaluation assumptions 

In this section, we provide the evaluation assumptions of the short TTI.
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Figure 1: Short TTI structures used in the evaluations

Figure 1 shows the assumed structure of short TTIs in this evaluation. We consider 4 CCEs and 8 CCEs for 1-symbol TTI and 2-symbol TTI, respectively. For 3/4-symbol TTI, the control of the first TTI is transmitted in the legacy PDCCH while the other TTIs is assumed to have 12 CCEs in each sTTI. For 7-symbol TTI, i.e., slot TTI, the second slot has 12 CCEs for sPDCCH. The baseline with subframe TTI assumes that the control channel takes only 2-symbols in the PDCCH region. If we consider UL scheduling as well, the control overhead should be increased. However, the UL scheduling control overhead is not considered for simplicity. The summary of the overhead assumption used in this contribution is shown in Table 1.
Table 1: Control overhead assumption
	TTI length
	Legacy PDCCH overhead 

(2 symbols assumed)
	Additional overhead
	Restriction on number of scheduled UEs 

	Subframe TTI
	14.3%
	0%
	10 UEs per TTI

	Slot TTI
	14.3%
	13.7%
	4 UEs per TTI

	3/4-symbol TTI
	14.3%
	21.6%
	3 UEs per TTI

	2-symbol TTI
	14.3%
	24.0%
	2 UEs per TTI

	1-symbol TTI
	14.3%
	24.0%
	1 UEs per TTI



As can be seen in [3], we focus on FTP and TCP applications in this evaluation. We assume that there is no delay between UE physical layer and UE higher layer, e.g., application layer. In order to simplify the TCP model, we assume that TCP ACK always is correctly transmitted to the App server when a TCP segment is successfully received at UE higher layer.
Plus, TCP and FTP traffic models used in this contribution are shown as below. 
Table 2: TCP and FTP models
	Parameter
	Assumption

	Initial window size
	1460 Bytes

	MSS
	1460 Bytes

	TCP/IP overhead
	40 Bytes

	ssthresh
	65535 Bytes

	FTP traffic model
	Model 3

	File size / 

arrival rate λ
	12.5 KB (100kbits), 100 KB, 500 KB, 1000 KB

Arrival rate λ is determined by RU (20, 40, 60%)



 The other evaluation parameters are provided in Annex. A. In the following sections, we provide the evaluation results and discuss the effect of file size and RU on the latency performance of the short TTI. The parameters for performance comparison are shown as below.
	Comparing parameter
	Value

	UL access delay
	13 TTIs

	RU
	20%, 40%, 60%

	CN delay
	6 ms

	HARQ RTT
	8 TTIs

	CSI report period
	5 ms

(for UE speed 3 km/h)



In [6], the SLS results with 8 ms of HARQ RTT are provided to see the effect of HARQ RTT. In [7], the SLS results with 1 TTIs of UL access delay are provided to see the effect of HARQ RTT.

3 Results


In this section, we provide the SLS results for various file sizes. The observations of this SLS can be seen in Table 3-Table 6. In Table 8-Table 11, the relative performance gain of short TTI compared to subframe TTI can be observed. 

As already known, the evaluation with the smaller file sizes such as 100 kbits and 100 KB shows much performance gain in mean UPT and mean latency for short TTI. Also, even cell-edge UEs with short TTI can have much UPT gain for 100 kbits file size. However, for file sizes larger than 100 kbits, short TTIs except slot TTI bring negative cell-edge performance gain. In this case, slot TTI has advantage for cell edge UEs.  
Observation 1: Greater latency reduction gain is obtained for a smaller file size.
Observation 2: For a 100 kbit-sized file, even cell-edge UEs can obtain significant UPT gain for short TTI.
Observation 3: For large-sized files, cell-edge UEs have negative gains in UPT performance.

Regarding the effect of RU, when TCP is not considered, if RU increases, the latency could normally increase so that UPT could decrease. However, in this evaluation with TCP model, it turns out that the performance difference for various RU is not as much as the case without TCP modelling. Furthermore, as RU is getting higher, performance gain becomes bigger for a 100 kbit-sized file while performance gain becomes smaller for other file sizes. This is because a file is distributed over longer period by TCP slow start as seen in Figure 2.  
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Figure 2: Effect of TCP on latency performance 
Observation 4: As RU is getting higher, performance gain becomes bigger for a 100 kbit-sized file while performance gain becomes smaller for other file sizes. 

As shown in the results, for cell-edge UEs, slot TTI brings positive gain compared to subframe TTI for all file sizes and RUs. Even the difference in mean UPT   In this section, we provide the SLS results for various file sizes. The observations of this SLS can be summarized as below and the result tables can be seen in Table 3-Table 6. In Table 8-Table 11, the relative performance gain of short TTI compared to subframe TTI can be observed. 


As already known, the evaluation with the smaller file sizes such as 100 kbits and 100 KB shows much performance gain in mean UPT and mean latency for short TTI. Also, even cell-edge UEs with short TTI can have much UPT gain for 100 kbits file size.
Observation 5: Slot TTI has a positive gain in all scenarios. 
Table 3: DL UPT and delay CDF for 100 kbits file

	Reported parameters
	Low load
	Medium load
	High load

	
	RU range for legacy TTI: 10%~25%
	RU range for legacy TTI: 35%~50%
	RU range for legacy TTI: 

above 55%

	
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4 OS
	2OS
	1OS

	DL: UPT CDF [Mbps]
	5%
	0.85
	1.16
	1.34
	1.43
	1.47
	0.7
	1.02
	1.18
	1.22
	1.29
	0.43
	0.78
	0.87
	0.87
	0.83

	
	50%
	1.00
	1.38
	1.65
	1.80
	1.92
	0.9
	1.28
	1.55
	1.7
	1.82
	0.73
	1.13
	1.4
	1.55
	1.68

	
	95%
	1.10
	1.49
	1.78
	1.95
	2.10
	1.04
	1.43
	1.73
	1.89
	2.04
	0.94
	1.34
	1.63
	1.81
	1.97

	
	Mean
	0.99
	1.36
	1.62
	1.76
	1.88
	0.89
	1.26
	1.51
	1.64
	1.76
	0.71
	1.1
	1.35
	1.47
	1.58

	DL: Delay CDF [s]
	5%
	0.091
	0.067
	0.056
	0.051
	0.048
	0.099
	0.071
	0.058
	0.053
	0.049
	0.113
	0.077
	0.063
	0.057
	0.052

	
	50%
	0.102
	0.074
	0.062
	0.056
	0.053
	0.122
	0.083
	0.068
	0.061
	0.057
	0.165
	0.101
	0.079
	0.071
	0.065

	
	95%
	0.130
	0.090
	0.078
	0.073
	0.070
	0.171
	0.112
	0.095
	0.090
	0.087
	0.323
	0.165
	0.145
	0.149
	0.157

	
	Mean
	0.105
	0.076
	0.064
	0.059
	0.055
	0.127
	0.086
	0.071
	0.066
	0.062
	0.185
	0.108
	0.090
	0.084
	0.080

	RU
	0.2
	0.17
	0.18
	0.18
	0.18
	0.4
	0.34
	0.35
	0.35
	0.29
	0.6
	0.5
	0.53
	0.53
	0.42

	𝜆
	1.9
	3.2
	4.3

	Notes: 

	


Table 4: DL UPT and delay CDF for 100 KB file

	Reported parameters
	Low load
	Medium load
	High load

	
	RU range for legacy TTI: 10%~25%
	RU range for legacy TTI: 35%~50%
	RU range for legacy TTI: 

above 55%

	
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4 OS
	2OS
	1OS

	DL: UPT CDF [Mbps]
	5%
	2.87
	3.34
	3.21
	2.98
	2.73
	2.41
	2.72
	2.52
	2.28
	2.01
	1.86
	2.23
	1.90
	1.57
	1.29

	
	50%
	4.32
	5.75
	6.52
	6.74
	6.86
	4.09
	5.48
	6.09
	6.22
	6.23
	3.92
	5.17
	5.67
	5.77
	5.52

	
	95%
	4.68
	6.36
	7.62
	8.40
	9.02
	4.62
	6.30
	7.60
	8.35
	8.95
	4.57
	6.26
	7.53
	8.25
	8.82

	
	Mean
	4.09
	5.37
	6.04
	6.26
	6.45
	3.87
	5.07
	5.66
	5.83
	5.88
	3.63
	4.79
	5.25
	5.32
	5.31

	DL: Delay CDF [s]
	5%
	0.171
	0.126
	0.105
	0.095
	0.089
	0.173
	0.127
	0.105
	0.096
	0.089
	0.175
	0.128
	0.106
	0.097
	0.091

	
	50%
	0.185
	0.139
	0.124
	0.119
	0.117
	0.198
	0.149
	0.135
	0.134
	0.135
	0.211
	0.160
	0.148
	0.148
	0.162

	
	95%
	0.287
	0.247
	0.262
	0.281
	0.308
	0.359
	0.321
	0.348
	0.396
	0.442
	0.494
	0.420
	0.496
	0.631
	0.747

	
	Mean
	0.204
	0.160
	0.148
	0.150
	0.151
	0.226
	0.179
	0.172
	0.177
	0.189
	0.262
	0.203
	0.212
	0.235
	0.257

	RU
	0.2
	0.18
	0.21
	0.23
	0.23
	0.4
	0.38
	0.43
	0.45
	0.47
	0.6
	0.57
	0.63
	0.67
	0.67

	𝜆
	0.31
	0.53
	0.64

	Notes: 

	


Table 5: DL UPT and delay CDF for 500 KB file

	Reported parameters
	Low load
	Medium load
	High load

	
	RU range for legacy TTI: 10%~25%
	RU range for legacy TTI: 35%~50%
	RU range for legacy TTI: 

above 55%


	
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4 OS
	2OS
	1OS

	DL: UPT CDF [Mbps]
	5%
	3.79
	4.01
	3.71
	3.38
	3.35
	3.31
	3.5
	3.04
	2.68
	2.41
	2.54
	2.78
	2.19
	1.98
	1.82

	
	50%
	10.26
	12.16
	11.78
	11.14
	10.96
	9.57
	11.43
	10.79
	10
	9.22
	8.73
	10.24
	9.25
	8.07
	7.04

	
	95%
	12.27
	16.60
	20.07
	21.98
	23.20
	12.23
	16.56
	19.87
	21.42
	22.41
	12.09
	16.43
	19.68
	20.73
	21.53

	
	Mean
	9.29
	11.51
	11.88
	11.65
	11.72
	8.75
	10.93
	11.11
	10.76
	10.59
	8.16
	10.09
	9.91
	9.40
	8.83

	DL: Delay CDF [s]
	5%
	0.325
	0.240
	0.199
	0.182
	0.172
	0.326
	0.241
	0.201
	0.187
	0.178
	0.331
	0.243
	0.203
	0.192
	0.186

	
	50%
	0.389
	0.329
	0.343
	0.363
	0.365
	0.424
	0.354
	0.377
	0.411
	0.441
	0.470
	0.406
	0.456
	0.519
	0.605

	
	95%
	1.051
	0.998
	1.079
	1.182
	1.223
	1.243
	1.156
	1.318
	1.538
	1.664
	1.664
	1.500
	1.920
	2.026
	2.274

	
	Mean
	0.507
	0.448
	0.458
	0.486
	0.494
	0.57
	0.492
	0.526
	0.583
	0.615
	0.664
	0.585
	0.667
	0.742
	0.816

	RU
	0.2
	0.19
	0.21
	0.23
	0.24
	0.4
	0.39
	0.42
	0.46
	0.47
	0.59
	0.57
	0.62
	0.66
	0.68

	𝜆
	0.07
	0.13
	0.14

	Notes: 

	


Table 6: DL UPT and delay CDF for 1000 KB file

	Reported parameters
	Low load
	Medium load
	High load

	
	RU range for legacy TTI: 10%~25%
	RU range for legacy TTI: 35%~50%
	RU range for legacy TTI: 

above 55%

	
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4 OS
	2OS
	1OS

	DL: UPT CDF [Mbps]
	5%
	4.20
	4.42
	3.87
	3.48
	3.35
	3.68
	4.01
	3.51
	3.01
	2.95
	2.99
	3.32
	2.83
	2.68
	2.64

	
	50%
	12.88
	14.93
	13.96
	12.43
	11.97
	11.41
	12.83
	12.11
	11.22
	10.52
	10.45
	12.17
	10.99
	9.63
	8.84

	
	95%
	15.87
	21.56
	26.00
	27.26
	28.13
	15.87
	21.56
	25.85
	27.50
	28.34
	15.79
	21.42
	25.6
	26.26
	26.07

	
	Mean
	11.56
	14.10
	14.20
	13.52
	13.36
	10.80
	13.15
	13.10
	12.66
	12.26
	10.13
	12.37
	12.33
	11.47
	10.88

	DL: Delay CDF [s]
	5%
	0.503
	0.371
	0.308
	0.292
	0.284
	0.503
	0.371
	0.310
	0.290
	0.282
	0.506
	0.373
	0.312
	0.304
	0.306

	
	50%
	0.617
	0.534
	0.573
	0.644
	0.668
	0.705
	0.635
	0.668
	0.713
	0.772
	0.780
	0.672
	0.737
	0.862
	0.930

	
	95%
	1.880
	1.811
	2.000
	2.275
	2.364
	2.160
	1.990
	2.230
	2.636
	2.715
	2.674
	2.413
	2.813
	2.986
	3.017

	
	Mean
	0.846
	0.743
	0.796
	0.872
	0.907
	0.956
	0.843
	0.923
	0.992
	1.055
	1.079
	0.964
	1.056
	1.136
	1.199

	RU
	0.2
	0.19
	0.21
	0.23
	0.24
	0.41
	0.39
	0.42
	0.45
	0.46
	0.6
	0.58
	0.62
	0.64
	0.66

	𝜆
	0.04
	0.07
	0.08

	Notes: 

	


4 Conclusions
In this contribution, we provided system-level evaluation results for TTI shortening with the assumption of various file sizes and RUs and it can be summarized as below. 
Observation 1: Greater latency reduction gain is obtained for a smaller file size.
Observation 2: For a 100 kbit-sized file, even cell-edge UEs can obtain significant UPT gain for short TTI.
Observation 3: For large-sized files, cell-edge UEs have negative gains in UPT performance.
Observation 4: As RU is getting higher, performance gain becomes bigger for a 100 kbit-sized file while performance gain becomes smaller for other file sizes.
Observation 5: Slot TTI has a positive gain in all scenarios.
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5 Annex A: Evaluation assumptions
The evaluations in this contribution are performed by using the following evaluation assumptions aligned with [2]. 

Table 7: Evaluation assumptions

	Parameter
	Assumptions

	Layout
	7 Macro eNBs, 3 sectors per site

	System bandwidth per carrier
	10 MHz

	Carrier frequency 
	2 GHz

	Inter-site distance
	500 m

	Total BS TX power (Ptotal per carrier)
	46 dBm

	TTI length
	1/2/3/4/7 symbols

	Fast UL Access schemes
	13 TTIs 

	control signaling overhead
	· CRS: 2 Tx antenna ports assumed
· Legacy PDCCH: 2 OFDM symbols

· 7 symbol TTI: 13.7% additional overhead
· 3/4 symbol TTI: 21.6% additional overhead

· 1 and 2 symbol TTIs: 24% additional overhead 
· Maximum number of scheduled UEs is restricted by the control overhead.

	TBS determination
	Scalable with TTI length as baseline

	HARQ RTT
	Scalable with TTI length as baseline

	Scheduler
	Proportional fairness

	Distance-dependent path loss
	ITU UMa[referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE

	Penetration
	For outdoor UEs: 0 dB

	
	For indoor UEs: 20dB+0.5din (din: independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819 with 3D distance for shadowing correlation distance

	Antenna pattern
	3D, referring to TR36.819

	Antenna Height: 
	25 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi 

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819

	Antenna configuration
	2Tx(eNB), 2Rx(UE), Cross-polarized

	Number of UEs 
	10 UEs per macro cell

	UE dropping
	Randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Traffic model
	FTP download model 3

File size [100kbits, 100 kB, 500kB, 1 MB]
RU [20%, 40% 60%]

	CSI report period
	5 ms between two consecutive reports

	CSI report delay
	6 ms

	TCP models
	· TCP Reno model (RFC 2581)
 - SSThresh 65535 Bytes
 - Initial window size 1460 Bytes
 - Max segment size 1460 Bytes

· 40 Bytes TCP/IP header are added to the initial window size and max segment size

· The three way handshake is not modeled as baseline.

	UE receiver
	MMSE-IRC

	UE noise figure
	9dB

	UE speed
	3km/h

	Duplex mode
	FDD

	Network synchronization
	Synchronized

	Core, transport and internet network delay
	6ms

	Performance metrics
	Mean, 5%, 50% and 95% user perceived throughput
Mean, 5%, 50% and 95% user packet delay


6 Annex B. Relative performance gain


In this section, we provide the relative performance gain of TTI shortening compared to subframe TTI for various file sizes. 
Table 8: DL UPT gain and delay gain CDF for 100 kbits file
	Reported parameters
	Low load
	Medium load
	High load

	
	RU range for legacy TTI: 10%~25%
	RU range for legacy TTI: 35%~50%
	RU range for legacy TTI: above 55%

	
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4 OS
	2OS
	1OS

	DL: UPT gain
	5%
	0%
	38%
	59%
	69%
	74%
	0%
	47%
	69%
	76%
	85%
	0%
	80%
	102%
	101%
	93%

	
	50%
	0%
	37%
	64%
	80%
	92%
	0%
	42%
	73%
	90%
	103%
	0%
	55%
	92%
	112%
	130%

	
	95%
	0%
	36%
	62%
	77%
	91%
	0%
	38%
	67%
	83%
	97%
	0%
	43%
	74%
	92%
	110%

	
	Mean
	0%
	37%
	63%
	77%
	89%
	0%
	42%
	71%
	85%
	98%
	0%
	55%
	89%
	106%
	122%

	DL: Delay gain
	5%
	0%
	-26%
	-38%
	-44%
	-48%
	0%
	-29%
	-41%
	-46%
	-50%
	0%
	-31%
	-44%
	-50%
	-54%

	
	50%
	0%
	-28%
	-40%
	-45%
	-48%
	0%
	-32%
	-44%
	-50%
	-53%
	0%
	-39%
	-52%
	-57%
	-61%

	
	95%
	0%
	-30%
	-40%
	-43%
	-46%
	0%
	-35%
	-44%
	-47%
	-49%
	0%
	-49%
	-55%
	-54%
	-51%

	
	Mean
	0%
	-28%
	-39%
	-44%
	-47%
	0%
	-32%
	-44%
	-48%
	-51%
	0%
	-41%
	-51%
	-55%
	-57%

	RU
	0.2
	0.17
	0.18
	0.18
	0.18
	0.4
	0.34
	0.35
	0.35
	0.29
	0.60
	0.50
	0.53
	0.53
	0.42

	𝜆
	1.9
	3.2
	4.3

	Notes:

	


Table 9: DL UPT gain and delay gain CDF for 100 KB file
	Reported parameters
	Low load
	Medium load
	High load

	
	RU range for legacy TTI: 10%~25%
	RU range for legacy TTI: 35%~50%
	RU range for legacy TTI: above 55%

	
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4 OS
	2OS
	1OS

	DL: UPT gain
	5%
	0%
	17%
	12%
	4%
	-5%
	0%
	13%
	5%
	-5%
	-16%
	0%
	20%
	2%
	-16%
	-31%

	
	50%
	0%
	33%
	51%
	56%
	59%
	0%
	34%
	49%
	52%
	52%
	0%
	32%
	45%
	47%
	41%

	
	95%
	0%
	36%
	63%
	80%
	93%
	0%
	36%
	64%
	81%
	94%
	0%
	37%
	65%
	80%
	93%

	
	Mean
	0%
	31%
	48%
	53%
	58%
	0%
	31%
	46%
	51%
	52%
	0%
	32%
	45%
	46%
	46%

	DL: Delay gain
	5%
	0%
	-26%
	-38%
	-44%
	-48%
	0%
	-27%
	-39%
	-45%
	-48%
	0%
	-27%
	-39%
	-45%
	-48%

	
	50%
	0%
	-25%
	-33%
	-36%
	-37%
	0%
	-25%
	-32%
	-33%
	-32%
	0%
	-24%
	-30%
	-30%
	-23%

	
	95%
	0%
	-14%
	-9%
	-2%
	7%
	0%
	-10%
	-3%
	10%
	23%
	0%
	-15%
	0%
	28%
	51%

	
	Mean
	0%
	-22%
	-27%
	-27%
	-26%
	0%
	-21%
	-24%
	-22%
	-16%
	0%
	-22%
	-19%
	-10%
	-2%

	RU
	0.2
	0.18
	0.21
	0.23
	0.23
	0.4
	0.38
	0.43
	0.45
	0.47
	0.6
	0.57
	0.63
	0.67
	0.67

	𝜆
	0.31
	0.53
	0.64

	Notes:

	


Table 10: DL UPT gain and delay gain CDF for 500 KB file
	Reported parameters
	Low load
	Medium load
	High load

	
	RU range for legacy TTI: 10%~25%
	RU range for legacy TTI: 35%~50%
	RU range for legacy TTI: above 55%

	
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4 OS
	2OS
	1OS

	DL: UPT gain
	5%
	0%
	6%
	-2%
	-11%
	-12%
	0%
	6%
	-8%
	-19%
	-27%
	0%
	10%
	-14%
	-22%
	-28%

	
	50%
	0%
	19%
	15%
	9%
	7%
	0%
	19%
	13%
	5%
	-4%
	0%
	17%
	6%
	-8%
	-19%

	
	95%
	0%
	35%
	64%
	79%
	89%
	0%
	35%
	62%
	75%
	83%
	0%
	36%
	63%
	71%
	78%

	
	Mean
	0%
	24%
	28%
	25%
	26%
	0%
	25%
	27%
	23%
	21%
	0%
	24%
	22%
	15%
	8%

	DL: Delay gain
	5%
	0%
	-26%
	-39%
	-44%
	-47%
	0%
	-26%
	-38%
	-43%
	-45%
	0%
	-26%
	-39%
	-42%
	-44%

	
	50%
	0%
	-15%
	-12%
	-7%
	-6%
	0%
	-16%
	-11%
	-3%
	4%
	0%
	-14%
	-3%
	10%
	29%

	
	95%
	0%
	-5%
	3%
	12%
	16%
	0%
	-7%
	6%
	24%
	34%
	0%
	-10%
	15%
	22%
	37%

	
	Mean
	0%
	-12%
	-10%
	-4%
	-3%
	0%
	-14%
	-8%
	2%
	8%
	0%
	-12%
	0%
	12%
	23%

	RU
	0.2
	0.19
	0.21
	0.23
	0.24
	40%
	39%
	42%
	46%
	47%
	0.59
	0.57
	0.62
	0.66
	0.68

	𝜆
	0.07
	0.13
	0.14

	Notes:

	


Table 11: DL UPT gain and delay gain CDF for 1000 KB file
	Reported parameters
	Low load
	Medium load
	High load

	
	RU range for legacy TTI: 10%~25%
	RU range for legacy TTI: 35%~50%
	RU range for legacy TTI: above 55%

	
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4OS
	2OS
	1OS
	14 OS
	7OS
	3/4 OS
	2OS
	1OS

	DL: UPT gain
	5%
	0%
	5%
	-8%
	-17%
	-20%
	0%
	9%
	-5%
	-18%
	-20%
	0%
	11%
	-5%
	-11%
	-12%

	
	50%
	0%
	16%
	8%
	-4%
	-7%
	0%
	12%
	6%
	-2%
	-8%
	0%
	16%
	5%
	-8%
	-15%

	
	95%
	0%
	36%
	64%
	72%
	77%
	0%
	36%
	63%
	73%
	79%
	0%
	36%
	62%
	66%
	65%

	
	Mean
	0%
	22%
	23%
	17%
	16%
	0%
	22%
	21%
	17%
	13%
	0%
	22%
	22%
	13%
	7%

	DL: Delay gain
	5%
	0%
	-26%
	-39%
	-42%
	-44%
	0%
	-26%
	-38%
	-42%
	-44%
	0%
	-26%
	-38%
	-40%
	-40%

	
	50%
	0%
	-13%
	-7%
	4%
	8%
	0%
	-10%
	-5%
	1%
	10%
	0%
	-14%
	-6%
	11%
	19%

	
	95%
	0%
	-4%
	6%
	21%
	26%
	0%
	-8%
	3%
	22%
	26%
	0%
	-10%
	5%
	12%
	13%

	
	Mean
	0%
	-12%
	-6%
	3%
	7%
	0%
	-12%
	-3%
	4%
	10%
	0%
	-11%
	-2%
	5%
	11%

	RU
	0.2
	0.19
	0.21
	0.23
	0.24
	0.41
	0.39
	0.42
	0.45
	0.46
	0.6
	0.58
	0.62
	0.64
	0.66

	𝜆
	0.04
	0.07
	0.08

	Notes:
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