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Introduction
In the Release 13 Study Item on Latency reduction techniques for LTE [1], RAN1 needs to study the TTI shortening and reduced processing times, including the following aspects:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling.
· Backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel-13 UEs on the same carrier).
This contribution provides system-level evaluation results for further analyze the TTI shortening schemes.
Evaluation assumptions 
The evaluations in this contribution are performed in an ITU macro layout of 7 macro sites and 3 cells per site, with wrap-around feature turned on. The FTP traffic model2 and TCP traffic are used with model parameters given in Table 1. 
	Parameter
	Assumption

	FTP traffic model
	FTP Traffic Model 2 [2]
· Reading Time: Exponential Distribution, with parameter TBD for specific traffic loads

     

	File size/ reading time D
	12.5KB / D =1/5s / D = 1/15s / D = 1/25s
100KB / D = 2s / D= 1s / D= 1/2s
500KB / D = 7s / D = 5s / D = 4s

	TCP model
	- SSThresh 65535 Bytes
- Initial window size 1460 Bytes 
- MSS 1460 Bytes
- 40 Bytes TCP header + IP header 
- The three way handshake is not modelled as baseline.


[bookmark: _Ref442182353]Table 1 FTP traffic model 2 and TCP model parameters
In every successful LTE transmission, one uplink TCP ACK per maximum segment size (MSS) with a fixed uplink TCP ACK delay can be generated for TCP traffic as can be seen in Table 2.
	Step
	Description
	Delay

	1.
	Average delay to next SR opportunity
	SR periodicity/2=0.5TTI

	2.
	UE sends SR
	1 TTI

	3.
	eNB decodes SR and generates scheduling grant
	3 TTI

	4.
	Transmission of scheduling grant (assumed always error free)
	1 TTI

	5.
	UE processing delay (decoding Scheduling grant + L1 encoding of data)
	3 TTI

	6.
	UE sends UL transmission
	(1 + p*8) TTI where p is initial BLER. p=0

	7.
	eNB receives and decodes the UL data
	1.5 TTI

	Sum
	
	11TTI


Table 2 Uplink TCP ACK transmission latency calculation
To evaluate the short TTI gains in different load conditions, legacy TTI resource utilization varies from low load to high load. The HARQ RTT is assumed to be always 8 TTIs, i.e., scaled with TTI length shortening. Two CSI feedback assumptions are separately made in evaluations: 
· The CSI report cycle and delay are reduced proportionally with TTI shortening
In this case, CSI report cycle is 5TTI and delay is 6TTI.  
· The CSI report cycle and delay are fixed and independent from TTI shortening
In this case, CSI report cycle is 5ms and delay is 6ms.

The overall L1 overhead includes the REs occupied by 2 CRS antenna ports and downlink control signalling. 
· For 1ms TTI with 14 OFDM symbols (baseline), PDCCH region is assumed to occupy 2 OFDM symbols, and the CRS contributes additional 12 RE overhead outside of PDCCH region per PRB pair. Therefore, the total L1 overhead percentage per TTI is (2*12+12)/(12*14) = 21.43%.
· For shortened TTI, PDCCH region is assumed to occupy 2 OFDM symbols. sPDCCH size is 72RE and average scheduled UE number per TTI is 2. 
Therefore, for the TTI with 7 OFDM symbol, the total L1 overhead percentage per TTI is 23.14%.  
For the TTI with 3/4 OFDM symbol, the total L1 overhead percentage per TTI is 26.57%.
For the TTI with 2 OFDM symbol, the total L1 overhead percentage per TTI is 31.71%.
Evaluation results
3.1 Performances upon different resource utilizations and different file sizes
	Parameter
	Assumption

	CN delay
	6ms

	UL TCP ACK delay
	11TTI

	CSI feed back
	CSI report cycle: 5TTI
CSI delay: 6TTI

	UE speed
	3km/h

	File size
	12.5Kbyte, 0.1Mbyte, 0.5Mbyte



The following evaluation results aim to show the impact of different resource utilizations varying from 16.5% to 77%, assuming the shortened TTI length equal to 14OS, 7OS, 3/4OS, or 2OS and FTP file size equal to 12.5Mbyte, 0.1Mbyte, or 0.5Mbyte. 
The results shown in Table 3 ~ Table 5 show that short TTI gain decreases with the RU increasing. With the increased loads, more packet life time is spent in the TCP layer RTT buffer for purposes of queuing and processing, which reduces the effective user throughput. What’s more, for medium and high load, the 5% UPT (representing the cell edge performance) even has negative gain. 
Table 3~Table 5 also show the gains of latency reduction under different loads. It can be seen that the mean, 5%, 50% and 95% of latency gains decrease with the increased RU. Nevertheless, TTI shortening always reduces the latencies at all percentage points.
Although with the RU increasing, short TTI gain decreases, RU does not significantly affect the mean UPT and mean latency performance.
	Reported
Parameters
	Low load
	Medium load
	High load

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

	UPT CDF
[Mbps]
	5%
Gain(%)
	1.1298
(0)
	1.4383
(+27.3)
	1.6106
(+42.6)
	1.7401
(+54)
	1.0479
(0)
	1.2253
(+16.9)
	1.2905
(+23.2)
	1.2385
(+18.2)
	0.9948
(0)
	1.0918
(+9.8)
	1.0597
(+6.5)
	0.9431
(-5.2)

	
	50%
Gain(%)
	1.2068
(0)
	1.5804
(+31)
	1.8125
(+50.2)
	2.0173
(+67.2)
	1.2019
(0)
	1.5513
(+29.1)
	1.7535
(+45.9)
	1.8892
(+57.2)
	1.1831
(0)
	1.5361
(+29.8)
	1.7344
(+46.6)
	1.8377
(+55.3)

	
	95%
Gain(%)
	1.25
(0)
	1.6259
(+30)
	1.8681
(+49.5)
	2.0815
(+66.5)
	1.238
(0)
	1.622
(+31)
	1.8631
(+50.5)
	2.0695
(+67.2)
	1.2248
(0)
	1.616
(+32)
	1.857
(+51.6)
	2.0611
(+68.3)

	
	Mean
Gain(%)
	1.2008
(0)
	1.5618
(+30)
	1.7883
(+48.9)
	1.9741
(+64.4)
	1.1822
(0)
	1.5083
(+27.6)
	1.6954
(+43.4)
	1.8162
(+53.6)
	1.1582
(0)
	1.4701
(+26.9)
	1.6477
(+42.3)
	1.7348
(+49.8)

	Delay
CDF
[s]
	5%
Gain(%)
	0.0823
(0)
	0.0631
(-23.3)
	0.0549
(-33.3)
	0.0491
(-40.3)
	0.0829
(0)
	0.0631
(-23.9)
	0.055
(-33.7)
	0.0495
(-40.3)
	0.0838
(0)
	0.0635
(-24.2)
	0.0551
(-34.3)
	0.0495
(-40.9)

	
	50%
Gain(%)
	0.0854
(0)
	0.065
(-23.9)
	0.0566
(-33.7)
	0.0508
(-40.5)
	0.0858
(0)
	0.0662
(-22.8)
	0.0584
(-31.9)
	0.0544
(-36.6)
	0.0871
(0)
	0.0669
(-23.2)
	0.0591
(-32.2)
	0.0559
(-35.8)

	
	95%
Gain(%)
	0.0895
(0)
	0.0702
(-21.6)
	0.0625
(-30.2)
	0.0585
(-34.6)
	0.098
(0)
	0.0841
(-14.2)
	0.0803
(-18.1)
	0.086
(-12.2)
	0.1029
(0)
	0.0955
(-7.2)
	0.0985
(-4.3)
	0.1165
(+13.2)

	
	Mean
Gain(%)
	0.0861
(0)
	0.0661
(-23.2)
	0.0577
(-33)
	0.0525
(-39)
	0.0877
(0)
	0.0693
(-21)
	0.0621
(-29.2)
	0.0597
(-31.9)
	0.0897
(0)
	0.072
(-19.7)
	0.0655
(-27)
	0.0657
(-26.8)

	RU(%)
	19.4
	19.8
	21.3
	25.3
	44
	52.3
	57.2
	63.3
	54.1
	64
	68.9
	77.1

	λ
	5
	15
	25


[bookmark: _Ref442188596]Table 3 File size=12.5Kbyte, UPT and latency gain of under different RUs

	Reported
Parameters
	Low load
	Medium load
	High load

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

	UPT CDF
[Mbps]
	5%
Gain(%)
	4.1369
(0)
	4.8056
(+16.2)
	4.9679
(+20.1)
	5.1222
(+23.8)
	2.9091
(0)
	3.3283
(+14.4)
	3.4316
(+18)
	3.4583
(+18.9)
	1.7492
(0)
	2.018
(+15.4)
	1.8616
(+6.4)
	1.621
(-7.3)

	
	50%
Gain(%)
	5.0463
(0)
	6.7574
(+33.9)
	7.8039
(+54.7)
	8.5604
(+69.6)
	4.9248
(0)
	6.3506
(+29)
	7.1025
(+44.2)
	7.5828
(+53.9)
	4.3616
(0)
	5.3047
(+21.6)
	5.4931
(+25.9)
	5.44
(+24.7)

	
	95%
Gain(%)
	5.2785
(0)
	7.0448
(+33.5)
	8.1752
(+54.9)
	9.0656
(+71.8)
	5.2069
(0)
	6.9475
(+33.4)
	8.0233
(+54.1)
	8.8758
(+76.6)
	5.194
(0)
	6.7762
(+30.5)
	7.5335
(+45)
	8.0286
(+54.6)

	
	Mean
Gain(%)
	4.9235
(0)
	6.4509
(+31)
	7.3843
(+50)
	7.9954
(+62.4)
	4.6202
(0)
	5.9253
(+28.3)
	6.6492
(+43.9)
	7.0905
(+53.5)
	4.0523
(0)
	4.9797
(+22.9)
	5.2773
(+30.2)
	5.2525
(+29.6)

	Delay
CDF
[s]
	5%
Gain(%)
	0.1591
(0)
	0.1191
(-25.1)
	0.1026
(-35.5)
	0.0925
(-41.9)
	0.1612
(0)
	0.1204
(-25.3)
	0.1046
(-35.1)
	0.0944
(-41.4)
	0.1619
(0)
	0.1234
(-23.8)
	0.1093
(-32.5)
	0.1063
(-34.3)

	
	50%
Gain(%)
	0.167
(0)
	0.1243
(-25.6)
	0.1077
(-35.5)
	0.0985
(-41)
	0.1711
(0)
	0.1332
(-22.2)
	0.1201
(-29.8)
	0.1132
(-33.8)
	0.1995
(0)
	0.1674
(-16.1)
	0.165
(-17.3)
	0.1688
(-15.4)

	
	95%
Gain(%)
	0.1999
(0)
	0.1754
(-12.3)
	0.1609
(-19.5)
	0.1658
(-17.1)
	0.3019
(0)
	0.2536
(-16)
	0.2434
(-19.4)
	0.2405
(-20.3)
	0.5183
(0)
	0.4466
(-13.8)
	0.4901
(-5.4)
	0.5828
(+12.4)

	
	Mean
Gain(%)
	0.1749
(0)
	0.1361
(-22.2)
	0.1212
(-30.7)
	0.1144
(-34.6)
	0.1953
(0)
	0.1562
(-20)
	0.1432
(-26.7)
	0.139
(-28.8)
	0.2508
(0)
	0.2151
(-14.2)
	0.214
(-14.7)
	0.2365
(-5.7)

	RU(%)
	16.5
	16.8
	17.7
	19.8
	40.5
	39.8
	40.2
	42.3
	70.4
	69.8
	72.9
	76.4

	λ
	0.5
	1
	2


Table 4 File size=0.1Mbyte, UPT and latency gain of under different RUs

	Reported
Parameters
	Low load
	Medium load
	High load

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

	UPT CDF
[Mbps]
	5%
Gain(%)
	6.1755
(0)
	6.6431
(+7.6)
	6.4134
(+3.9)
	6.2805
(+1.7)
	4.9637
(0)
	4.7906
(-3.5)
	4.6274
(-6.8)
	4.5995
(-7.3)
	4.0796
(0)
	4.0747
(-0.1)
	3.6656
(-10.1)
	3.611
(-11.5)

	
	50%
Gain(%)
	12.3475
(0)
	15.9735
(+29.4)
	17.1728
(+39.1)
	17.9773
(+45.6)
	11.8287
(0)
	14.4381
(+22.1)
	14.9479
(+26.4)
	15.4826
(+30.9)
	11.006
(0)
	13.3863
(+21.6)
	13.2407
(+20.3)
	13.1736
(+19.7)

	
	95%
Gain(%)
	13.367
(0)
	17.9004
(+33.9)
	20.799
(+55.6)
	23.055
(+72.5)
	13.2732
(0)
	17.6868
(+33.3)
	20.11
(+51.5)
	22.6524
(+70.7)
	13.146
(0)
	17.5797
(+33.7)
	18.6976
(+42.2)

	20.4244
(+55.4)

	
	Mean
Gain(%)
	11.5033
(0)
	14.5219
(+26.2)
	15.7811
(+37.2)
	16.4798
(+43.3)
	10.7787
(0)
	13.2551
(+23)
	14.1738
(+31.5)
	14.7304
(+36.7)
	10.1084
(0)
	12.3852
(+22.5)
	12.5285
(+23.9)
	12.7193
(+25.8)

	Delay
CDF
[s]
	5%
Gain(%)
	0.314
(0)
	0.2343
(-25.4)
	0.2016
(-35.8)
	0.1812
(-42.3)
	0.3153
(0)
	0.2369
(-24.9)
	0.2026
(-35.7)
	0.1852
(-42.2)
	0.3193
(0)
	0.238
(-25.5)
	0.2133
(-33.2)
	0.2081
(-34.8)

	
	50%
Gain(%)
	0.3422
(0)
	0.2726
(-20.3)
	0.2505
(-26.8)
	0.2484
(-27.4)
	0.3613
(0)
	0.3015
(-16.6)
	0.2992
(-17.2)
	0.2986
(-17.4)
	0.3953
(0)
	0.3295
(-16.7)
	0.3395
(-14.1)
	0.3689
(-6.7)

	
	95%
Gain(%)
	0.6318
(0)
	0.5902
(-6.6)
	0.6232
(-1.4)
	0.6504
(+2.9)
	0.845
(0)
	0.9672
(+14.5)
	0.9798
(+16)
	0.9248
(+9.4)
	1.131
(0)
	1.184
(+4.7)
	[bookmark: OLE_LINK10][bookmark: OLE_LINK13]1.1743
(+3.8)
	1.2159
(+7.5)

	
	Mean
Gain(%)
	0.4121
(0)
	0.3416
(-17.1)
	0.3239
(-21.4)
	0.341
(-17.3)
	0.4647
(0)
	0.415
(-10.7)
	0.4126
(-11.2)
	0.4101
(-11.8)
	0.5235
(0)
	0.466
(-11)
	0.4844
(-7.5)
	0.5195
(-0.8)

	RU(%)
	24.7
	24.5
	25.2
	27.7
	34.6
	36.5
	37.1
	38.7
	47.3
	44.4
	48.6
	50.4

	λ
	0.14
	0.2
	0.25


Table 5 File size=0.5Mbyte, UPT and latency gain of under different RUs
Observation 1: For the same TTI length, RU does not significantly affect the mean UPT and mean latency performance.
Observation 2: No matter how RU changes, 2-symbols TTI provides the best performance in case of non-cell-edge UEs, followed by the 3/4-symbols TTI, and then 7-symbols.
The results shown in Table 3~Table 5 indicates that, the UPT gain increase with the reduction of the TTI duration and TTI shortening gives more gain in mean UPT performance for small-sized files. Meanwhile, we can see some gain for short TTI even for lager file except the cell-edge UEs.
Observation 3：For the mean, 5%, 50%, and 95% UPT performance, 2-symbols TTI shortening can bring significantly gain for smaller file size at low load.
3.2 Performances upon different CN delay
	Parameter
	Assumption

	CN delay
	0ms, 6ms, 10ms

	UL TCP ACK delay
	11TTI

	CSI feed back
	CSI report cycle: 5TTI
CSI delay: 6TTI

	UE speed
	3km/h

	File size and RU
	0.1Mbyte and 20%



CN delay is one of the main factors of latency performance. We compare the influence of different CN delay for short TTI performance.  From the results shown in Table 6, we can see that TTI shortening brings more latency reduction gain in case of small CN delay than in case of large CN delay.
Observation 4: TTI shortening brings more latency reduction gain in case of small CN delay than that for case of large CN delay.
Observation 5: For cell-edge UEs, various CN delay has less effect on its performance.
	Reported
Parameters
	CN delay=0ms
	CN delay=6ms
	CN delay=10ms

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

	UPT CDF
[Mbps]
	5%
Gain(%)
	6.1854
(0)
	7.4384
(+20.3)
	7.9414
(+28.4)
	7.8057
(+26.2)
	4.1369
(0)
	4.8056
(+16.2)
	4.9679
(+20.1)
	5.1222
(+23.8)
	3.3555
(0)
	3.8784
(+15.6)
	4.0829
(+21.7)
	4.0603
(+21)

	
	50%
Gain(%)
	8.7836
(0)
	15.9485
(+81.6)
	22.2804
(+153.7)
	26.6262
(+203.1)
	5.0463
(0)
	6.7574
(+33.9)
	7.8039
(+54.7)
	8.5604
(+69.6)
	3.8595
(0)
	4.7532
(+23.2)
	5.2641
(+36.4)
	5.5976
(+45)

	
	95%
Gain(%)
	9.5166
(0)
	18.6288
(+95.8)
	30.2495
(+217.9)
	42.1668
(+343.1)
	5.2785
(0)
	7.0448
(+33.5)
	8.1752
(+54.9)
	9.0656
(+71.8)
	3.9874
(0)
	4.8869
(+22.6)
	5.4132
(+35.8)
	5.7732
(+44.8)

	
	Mean
Gain(%)
	8.4138
(0)
	14.8387
(+76.4)
	21.2591
(+152.7)
	26.3161
(+212.8)
	4.9235
(0)
	6.4509
(+31)
	7.3843
(+50)
	7.9954
(+62.4)
	3.7851
(0)
	4.6228
(+22.1)
	5.0871
(+34.4)
	5.3615
(+41.6)

	Delay
CDF
[s]
	5%
Gain(%)
	0.0883
(0)
	0.0454
(-48.6)
	0.0282
(-68.1)
	0.0206
(-76.7)
	0.1591
(0)
	0.1191
(-25.1)
	0.1026
(-35.5)
	0.0925
(-41.9)
	0.2102
(0)
	0.1713
(-18.5)
	0.1548
(-26.4)
	0.1452
(-30.9)

	
	50%
Gain(%)
	0.0964
(0)
	0.0543
(-43.7)
	0.0393
(-59.2)
	0.0347
(-64)
	0.167
(0)
	0.1243
(-25.6)
	0.1077
(-35.5)
	0.0985
(-41)
	0.2179
(0)
	0.1766
(-19)
	0.1594
(-26.9)
	0.15
(-31.2)

	
	95%
Gain(%)
	0.1411
(0)
	0.1123
(-20.4)
	0.1046
(-25.9)
	0.1118
(-20.8)
	0.1999
(0)
	0.1754
(-12.3)
	0.1609
(-19.5)
	0.1658
(-17.1)
	0.2494
(0)
	0.2112
(-15.3)
	0.2021
(-19)
	0.2097
(-15.9)

	
	Mean
Gain(%)
	0.1075
(0)
	0.0677
(-37)
	0.0536
(-50.1)
	0.0497
(-53.8)
	0.1749
(0)
	0.1361
(-22.2)
	0.1212
(-30.7)
	0.1144
(-34.6)
	0.2253
(0)
	0.1856
(-17.6)
	0.1701
(-24.5)
	0.163
(-27.7)

	RU(%)
	17.1
	16.5
	16.6
	17.8
	16.5
	16.8
	17.7
	19.8
	17.5
	17.2
	17.5
	19.4

	λ
	0.5
	0.5
	0.5


Table 6 UPT and latency gain of under different CN delay
3.3 Performances upon different UL TCP ACK delay
	Parameter
	Assumption

	CN delay
	6ms

	UL TCP ACK delay
	0, 11TTI

	CSI feed back
	CSI report cycle: 5TTI
CSI delay: 6TTI

	UE speed
	3km/h

	File size and RU
	0.1Mbyte and 20%



When the uplink TCP ACK delay is 0ms, the short TTI gain only comes from the DL HARQ RTT and CSI feedback delay. This part of delay is very limited as shown in table 7. So, short TTI gain mainly depends on the reduction of uplink TCP ACK delay.
	[bookmark: _Ref442190887]Reported
parameters
	UL TCP ACK delay=0
	UL TCP ACK delay=11TTI

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

	UPT
CDF
[Mbps]
	5%
Gain(%)
	5.6505
(0)
	5.6566
(+0.1)
	5.5607
(-1.6)
	5.2097
(-7.8)
	4.1369
(0)
	4.8056
(+16.2)
	4.9679
(+20.1)
	5.1222
(+23.8)

	
	50%
Gain(%)
	8.4303
(0)
	9.0464
(+7.3)
	9.414
(+11.6)
	9.4023
(+11.5)
	5.0463
(0)
	6.7574
(+33.9)
	7.8039
(+54.7)
	8.5604
(+69.6)

	
	95%
Gain(%)
	8.9967
(0)
	9.686
(+7.7)
	10.06
(+11.8)
	10.0882
(+12.1)
	5.2785
(0)
	7.0448
(+33.5)
	8.1752
(+54.9)
	9.0656
(+71.8)

	
	Mean
Gain(%)
	8.031
(0)
	8.5492
(+6.5)
	8.82
(+9.8)
	8.774
(+9.3)
	4.9235
(0)
	6.4509
(+31)
	7.3843
(+50)
	7.9954
(+62.4)

	Delay
CDF
[s]
	5%
Gain(%)
	0.0935
(0)
	0.0864
(-7.6)
	0.0833
(-10.9)
	0.0831
(-11.1)
	0.1591
(0)
	0.1191
(-25.1)
	0.1026
(-35.5)
	0.0925
(-41.9)

	
	50%
Gain(%)
	0.1004
(0)
	0.0931
(-7.3)
	0.0899
(-10.5)
	0.09
(-10.4)
	0.167
(0)
	0.1243
(-25.6)
	0.1077
(-35.5)
	0.0985
(-41)

	
	95%
Gain(%)
	0.1483
(0)
	0.1514
(+2.1)
	0.1494
(+1)
	0.1661
(+12)
	0.1999
(0)
	0.1754
(-12.3)
	0.1609
(-19.5)
	0.1658
(-17.1)

	
	Mean
Gain(%)
	0.112
(0)
	0.1062
(-5.2)
	0.1038
(-7.3)
	0.1056
(-5.7)
	0.1749
(0)
	0.1361
(-22.2)
	0.1212
(-30.7)
	0.1144
(-34.6)

	RU(%)
	17.3
	17.1
	17.7
	19.2
	16.5
	16.8
	17.7
	19.8

	𝜆
	0.5
	0.5


Table 7 UPT and latency gain of under different UL TCP ACK delay
Observation 6: Short TTI gain is mainly from uplink TCP ACK delay reduction. 
3.4 Performances upon different CSI feedback time and UE speed
	Parameter
	Assumption

	CN delay
	6ms

	UL TCP ACK delay
	11TTI

	CSI feed back
	CSI report cycle: 5TTI / 5ms
CSI delay: 6TTI / 6ms

	UE speed
	3km/h / 30km/h

	File size and RU
	0.1Mbyte and 20%



[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Table 8, 9 shows the comparison between the CSI feedback scaled with TTI shortening and the CSI feedback independent from TTI shortening. Compared to the CSI feedback independent from TTI shortening, the CSI feedback timing proportional to TTI shortening is observed to bring just small gain in low UE speed case and medium UE speed case.
	Reported
parameters
	Slow CSI feedback
	Fast CSI feedback

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

	UPT
CDF
[Mbps]
	5%
Gain(%)
	4.1369
(0)
	4.6341
(+12)
	4.7472
(+14.8)
	4.7633
(+15.1)
	4.1369
(0)
	4.8056
(+16.2)
	4.9679
(+20.1)
	5.1222
(+23.8)

	
	50%
Gain(%)
	5.0463
(0)
	6.671
(+32.2)
	7.5781
(+50.2)
	8.1979
(+62.5)
	5.0463
(0)
	6.7574
(+33.9)
	7.8039
(+54.7)
	8.5604
(+69.6)

	
	95%
Gain(%)
	5.2785
(0)
	6.9943
(+32.5)
	8.0909
(+53.3)
	9.0051
(+70.6)
	5.2785
(0)
	7.0448
(+33.5)
	8.1752
(+54.9)
	9.0656
(+71.8)

	
	Mean
Gain(%)
	4.9235
(0)
	6.3635
(+29.3)
	7.1809
(+45.9)
	7.6838
(+56.1)
	4.9235
(0)
	6.4509
(+31)
	7.3843
(+50)
	7.9954
(+62.4)

	Delay
CDF
[s]
	5%
Gain(%)
	0.1591
(0)
	0.12
(-24.6)
	0.1036
(-34.9)
	0.093
(-41.5)
	0.1591
(0)
	0.1191
(-25.1)
	0.1026
(-35.5)
	0.0925
(-41.9)

	
	50%
Gain(%)
	0.167
(0)
	0.1262
(-24.4)
	0.1107
(-33.7)
	0.1039
(-37.8)
	0.167
(0)
	0.1243
(-25.6)
	0.1077
(-35.5)
	0.0985
(-41)

	
	95%
Gain(%)
	0.1999
(0)
	0.1832
(-8.4)
	0.1789
(-10.5)
	0.1788
(-10.6)
	0.1999
(0)
	0.1754
(-12.3)
	0.1609
(-19.5)
	0.1658
(-17.1)

	
	Mean
Gain(%)
	0.1749
(0)
	0.1385
(-20.8)
	0.1254
(-28.3)
	0.1205
(-31.1)
	0.1749
(0)
	0.1361
(-22.2)
	0.1212
(-30.7)
	0.1144
(-34.6)

	RU(%)
	16.5
	17.8
	18.3
	21.6
	16.5
	16.8
	17.7
	19.8

	𝜆
	0.5
	0.5


Table 8 UPT and latency gain of under 3km/h

	Reported
parameters
	Slow CSI feedback
	Fast CSI feedback

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

	UPT
CDF
[Mbps]
	5%
Gain(%)
	3.8893
(0)
	4.6663
(+20)
	4.6108
(+18.6)
	4.8349
(+24.3)
	3.8893
(0)
	4.8875
(+25.7)
	5.3164
(+36.7)
	5.1244
(+34.1)

	
	50%
Gain(%)
	5.0481
(0)
	6.6229
(+31.2)
	7.5395
(+49.4)
	8.1116
(+60.7)
	5.0481
(0)
	6.6817
(+32.4)
	7.7623
(+53.8)
	8.5392
(+69.2)

	
	95%
Gain(%)
	5.2543
(0)
	6.9776
(+32.8)
	8.0981
(+54.1)
	8.9385
(+70.1)
	5.2543
(0)
	7.0331
(+33.9)
	8.1443
(+55)
	9.0801
(+72.8)

	
	Mean
Gain(%)
	4.8805
(0)
	6.3268
(+29.6)
	7.0868
(+45.2)
	7.5745
(+55.2)
	4.8805
(0)
	6.4067
(+31.3)
	7.3356
(+50.3)
	8.0086
(+64.1)

	Delay
CDF
[s]
	5%
Gain(%)
	0.1599
(0)
	0.1202
(-24.8)
	0.1036
(-35.2)
	0.0938
(-41.3)
	0.1599
(0)
	0.1191
(-25.5)
	0.103
(-35.6)
	0.0922
(-42.3)

	
	50%
Gain(%)
	0.1668
(0)
	0.1272
(-23.7)
	0.1119
(-32.9)
	0.1046
(-37.3)
	0.1668
(0)
	0.1259
(-24.5)
	0.1084
(-35)
	0.0987
(-40.8)

	
	95%
Gain(%)
	0.2085
(0)
	0.1858
(-10.9)
	0.1885
(-9.6)
	0.1857
(-10.9)
	0.2085
(0)
	0.1683
(-19.3)
	0.1575
(-24.5)
	0.1619
(-22.4)

	
	Mean
Gain(%)
	0.1769
(0)
	0.1391
(-21.4)
	0.1276
(-27.9)
	0.1234
(-30.2)
	0.1769
(0)
	0.1369
(-22.6)
	0.1214
(-31.4)
	0.1139
(-35.6)

	RU(%)
	19.3
	18.6
	19.6
	22.1
	19.3
	16.9
	17.6
	19

	𝜆
	0.5
	0.5


Table 9 UPT and latency gain of under 30km/h
Observation 7: The gain ratio brought by the CSI feedback timing is much smaller than the ratio of TTI shortening in the low and medium UE speed case.
Conclusion
This contribution provides the system-level simulation results for TTI shortening, together with the following observations:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: For the same TTI length, RU does not significantly affect the mean UPT and mean latency performance.
Observation 2: No matter how RU changes, 2-symbols TTI provides the best performance in case of non-cell-edge UEs, followed by the 3/4-symbols TTI, and then 7-symbols.
Observation 3: For the mean, 5%, 50%, and 95% UPT performance, 2-symbols TTI shortening can bring significantly gain for smaller file size at low load.
Observation 4: TTI shortening brings more latency reduction gain in case of small CN delay than that for case of large CN delay.
Observation 5: For cell-edge UEs, various CN delay has less effect on its performance.
Observation 6: Short TTI gain is mainly from uplink TCP ACK delay reduction. 
Observation 7: The gain ratio brought by the CSI feedback timing is much smaller than the ratio of TTI shortening in the low and medium UE speed case.
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Appendix: Simulation parameters

	Parameter 
	Assumptions 

	Layout 
	7 macro eNB sites, 3 sectors per site

	System bandwidth per carrier 
	10MHz 

	Carrier frequency 
	2GHz 

	Inter-site distance 
	500m 

	Total BS TX power (Ptotal per carrier) 
	46dBm 

	TTI length 
	2/3/4/7 symbols

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RS and control signaling overhead 
	14OFDM symbols: 21.43% overhead
7OFDM symbols:  23.14% overhead
3/4OFDM symbols:  26.57% overhead
2OFDM symbols:  31.71% overhead

	TBS determination 
	Scalable with TTI length as baseline 

	HARQ RTT 
	8 TTIs

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

	Shadowing 
	ITU UMa

	Antenna pattern 
	3D

	Antenna Height
	25m 

	UE antenna Height 
	1.5m 

	Antenna gain + connector loss 
	17 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE 
	ITU UMa

	Antenna configuration 
	2Tx(eNB) Cross-polarized 
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

	CSI report period 
	Fast CSI feedback: 5 TTIs/5ms

	CSI report delay 
	Fast CSI feedback: 6TTIs/6ms

	UE receiver
	MMSE-IRC

	eNB noise figure 
	5dB 

	UL antenna configuration 
	2Rx(eNB), 1Tx(UE)

	UE noise figure
	9dB

	UE speed
	3Km/h /30km/h

	Duplex mode
	FDD

	Network synchronization
	Synchronized

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


Table 10 General parameters
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