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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 some system-level evaluation results for the TTI shortening.
Evaluation assumptions 
The evaluations in this contribution are performed in a ITU macro layout of 7 macro sites and 3 cells per site, with wrap-around feature turned on. The FTP traffic model2 is 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
	100Kbit / D =1/8s
100KB / D = 1s
500KB / D = 3s / D = 5s / D = 8s


[bookmark: _Ref442182353]Table 1 FTP traffic model 2 parameters
To evaluate the short TTI gains in different load conditions, resource utilization varies from 26% to 57%. The HARQ RTT is assumed to be always 8 TTIs, i.e., scaled with TTI length shortening. Similarly, it is assumed that CSI report cycle is 5TTI and delay is 6TTI.  
The overhead calculation is found to have important impacts to the evaluation conclusion, and therefore is described below with more details. 
L1 overhead from reference signal and control signalling 
The overall L1 overhead includes the REs occupied by 2-port CRS 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%.
· For 0.5ms TTI with 7 OFDM symbols, new PDCCH region is assumed to occupy 1 OFDM symbol in the second TTI per subframe. Depending on whether the legacy PDCCH have one or two symbols, the L1 overhead can be either lower or higher than 21%. With the assumption that legacy PDCCH almost takes equal probabilities to occupy one and two symbols, the total L1 overhead percentage per TTI is assumed to be still 21%.   
· For the TTI with 2 or 1 OFDM symbol, the total L1 overhead percentage is supposed to be larger than the one in legacy subframe structure. Without specific TTI structure design guidelines to be agreed in RAN1 at this stage, the evaluations in this contribution assume a total 30% L1 overhead per TTI [3].   
Higher-layer overhead from headers and padding
For clarification purpose, the description below assumes the FTP file size equal to 0.5Mbyte and resource utilization equal to 26%.
· The header overhead comes from the total header bits (from the TCP layer to the MAC layer), which includes following but not the headers in the RLC/HARQ retransmission: TCP/IP header (8 bytes with ROHC compression and 40 bytes without ROHC compression), PDCP header (2 bytes), RLC header (2bytes) and MAC header (2 bytes). When the TTI length is shortened, the header overhead increases because the smaller TBS results in more data segments for the RLC/MAC layers, and therefore more header occurrences. This is shown in Figure 1(a). 
· The padding overhead counts for the dummy bits used to fill up the transport block after the data from traffic source are put into transport block. When the TTI length is shortened, the padding overhead decreases because the system can have smaller granularity on TBS which further confines the upper-bound of padding for a given traffic packet. This is shown in Figure 1(b). 
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(a) Header overhead                         (b) Padding overhead                            (c) Overall overhead
[bookmark: _Ref442186323]Figure 1 Percentage changes of higher layer overheads comparing to 1ms TTI case
In the evaluation, the total higher-layer overhead percentage is counted by:
The total high-layer overhead % = (the total TBS size(s) used for data transmission – the total transmitted bits of FTP file) / the total TBS size(s) used for data transmission.
As shown in Figure 1(c), this total higher-layer overhead percentage decreases as the TTI length is shortened. 
As TTI length is reduced, the header overhead increases but the padding overhead decreases; the combined total overhead decreases.
Evaluation results
Performances upon different resource utilizations
The following evaluation results aim to show the impact of different resource utilizations varying from 26% to 57%, by meanwhile assuming the shortened TTI length equal to 0.5ms and FTP file size equal to 0.5Mbyte. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The results shown in Figure 2 indicate that, with the RU increasing, short TTI gain decreases. This is because that, with the increased loads, the 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, it can seen from Figure 2 that, even though the 5% UPT gain (representing the cell edge performance) decreases as RU increases, the gain itself is always positive. Although the TBS of cell-edge UE is smaller than the TBS of central UE, which introduces larger RLC/MAC header overheads, it brings down the total overhead with the saving on padding, as observed in section 2. 
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[bookmark: _Ref442188596]Figure 2 UPT gain of 0.5ms TTI under different RUs
Figure 3 shows the gains of latency reduction under different loads. It can be seen that the mean, gains at 5%, 50% and 95% of latency decrease with the increased RU. Furthermore, TTI shortening always reduces the latencies at mean and all percentage measurements.
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[bookmark: _Ref442189764]Figure 3 Latency reduction of 0.5ms TTI under different RUs
Observation 1: For the given file size, TTI shortening always brings up UPT and reduces latency, but the gains on both decrease as the RU increases.
Performances upon different file sizes
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[bookmark: _Ref442190887]Figure 4 Gains of mean UPT with different file sizes
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Figure 5 Gains of 5% UPT with different file sizes
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Figure 6 Gains of 50% UPT with different file sizes
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[bookmark: _Ref442190889]Figure 7 Gains of 95% UPT with different file sizes
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]As shown in Figure 4~Figure 7, the UPT gain increase with the reduction of the TTI duration and TTI shortening gives bigger gain in mean UPT performance for small-sized files. Meanwhile, we can see some gain even for larger file.
Observation 2: For the mean, 5%, 50%, and 95% UPT performance, TTI shortening can bring significant gains for different file sizes. 
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[bookmark: _Ref442192417]Figure 8 Reduction of mean latency with different file sizes
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Figure 9  Reduction of 5% latency with different file sizes
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Figure 10  Reduction of 50% latency with different file sizes
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[bookmark: _Ref442192418]Figure 11 Reduction of 95% latency with different file sizes
As shown in Figure 8~Figure 11, the reduction gains of mean, 5%, 50% and 95% latency increase as the TTI duration reduces. Especially, similar to the UPT gain, some latency reduction gain for short TTI can be observed even for larger file.
Observation 3: TTI shortening can bring gains in latency performance for different file sizes.
Conclusion
This contribution provides the system-level simulation results for TTI shortening, together with the following observations:
Observation 1: For the given file size, TTI shortening always brings up UPT and reduces latency, but the gains on both decrease as the RU increases.
Observation 2: For the mean, 5%, 50%, and 95% UPT performance, TTI shortening can bring significant gains for different file sizes. 
Observation 3: TTI shortening can bring gains in latency performance for different file sizes.
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Appendix1: Simulation results
Appendix1-1: Different resource utilizations

	RU
(%)
	TTI length
	Mean UPT(Mbps)
	5% UPT
	50% UPT
	95% UPT
	Mean latency(s)
	5% latency
	50% latency
	95% latency

	26
	14 OFDMs
Gain
	3.3972
(0%)
	3.2336
(0%)
	3.4193
(0%)
	3.544
(0%)
	4.3529
(0%)
	2.1234
(0%)
	4.2451
(0%)
	6.2997
(0%)

	
	7 OFDMs
Gain
	4.3484
(+28%)
	3.945
(+22%)
	4.2377
(+24%)
	4.4654
(+26%)
	3.4823
(-20%)
	1.6987
(-20%)
	3.5234
(-17%)
	4.9768
(-21%)

	43
	14 OFDMs
Gain
	3.3498
(0%)
	2.9582
(0%)
	3.3944
(0%)
	3.5746
(0%)
	5.9695
(0%)
	2.268
(0%)
	5.888
(0%)
	9.719
(0%)

	
	7 OFDMs
Gain
	4.2207
(+26%)
	3.5794
(+21%)
	4.2091
(+24%)
	4.3968
(+23%)
	4.7876
(-19.8%)
	1.8371
(-19%)
	4.8282
(-18%)
	8.0668
(-17%)

	57
	14 OFDMs
Gain
	3.2179
(0%)
	2.554
(0%)
	3.3167
(0%)
	3.5201
(0%)
	8.3674
(0%)
	5.214
(0%)
	8.225
(0%)
	12.8
(0%)

	
	7 OFDMs
Gain
	3.9581
(+23%)
	2.9626
(+16%)
	4.0132
(+21%)
	4.2945
(+22%)
	7.0286
(-16%)
	4.484
(-14%)
	7.1558
(-13%)
	11.2642
(-12%)


Table 2 simulation result for different resource utilizations

Appendix1-2: Different file sizes
	File size
	TTI length
	Mean UPT(Mbps)
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Mean latency(s)
	5% latency(s)
	50% latency(s)
	95% latency(s)

	100Kbit

	14OFDMs
Gain
	1.6324
(0%)
	1.5171
(0%)
	1.6115
(0%)
	1.8409
(0%)
	3.2496
(0%)
	2.673
(0%)
	3.245
(0%)
	3.708
(0%)


	
	7OFDMs
Gain
	2.0405
(+25%)
	1.8964
(+25%)
	2.0627
(+28%)
	2.1399
(+16%)
	2.8272
(-13%)
	2.3522
(-12%)
	2.8232
(-13%)
	3.115
(-16%)

	
	2OFDMs
Gain
	2.3017
(+41%)
	1.9267
(+27%)
	2.1433
(+33%)
	2.3748
(+29%)
	2.7297
(-16%)
	2.3255
(-13%)
	2.7258
(-16%)
	3.078
(-17%)

	
	1OFDM
Gain
	2.4486
(+50%)
	2.0435
(+34.7%)
	2.2078
(+37%)
	2.3932
(+30%)
	2.6322
(-19%)
	2.2988
(-14%)
	2.6784
(-17%)
	 2.9664
(-20%)

	100Mbyte
	14OFDMs
Gain
	3.2019
(0%)
	2.9566
(0%)
	3.2292
(0%)
	3.4139
(0%)
	4.0408
(0%)
	3.568
(0%)
	4.029
(0%)
	5.372
(0%)

	
	7OFDMs
Gain
	3.87
(+21%)
	3.4297
(+16%)
	3.9024
(+21%)
	4.0551
(+19%)
	3.4309
(-15%)
	2.949
(-17%)
	3.3844
(-16%)
	4.5662
(-15%)

	
	2OFDMs
Gain
	4.1944
(+31%)
	3.3410
(+13%)
	4.295
(+33%)
	4.4381
(+30%)
	3.273
(-19%)
	2.64
(-26%)
	3.1829
(-21%)
	4.6736
(-13%)

	
	1OFDM
Gain
	4.3546
(+36%)
	3.6666
(+24%)
	4.4563
(+38%)
	4.6088
(+35%)
	3.2326
(-20%)
	2.569
 (-28%)
	3.1426
(-22%)
	4.4588
(-17%)

	500Mbyte
	14OFDMs
Gain
	3.2179
(0%)
	2.554
(0%)
	3.3167
(0%)
	3.5201
(0%)
	8.3674
(0%)
	5.214
(0%)
	8.225
(0%)
	12.8
(0%)

	
	7OFDMs
Gain
	3.9581
(+23%)
	2.9626
(+16%)
	4.0132
(+21%)
	4.2945
(+22%)
	7.0286
(-16%)
	4.484
(-14%)
	7.1558
(-13%)
	11.2642
(-12%)

	
	2OFDMs
Gain
	4.1832
(+30%)
	2.6562
(+4%)
	4.444
(+34%)
	4.8929
(+39%)
	6.9449
(-17%)
	3.2849
(-37%)
	6.087
(-26%)
	12.672
(-1%)

	
	1OFDM
Gain
	4.312
(+34%)
	2.7328
(+7%)
	4.6102
(+39%)
	4.9633
(+41%)
	6.7776
(-19%)
	3.2327
(-38%)
	5.922
(-28%)
	12.544
(-2%)


Table 3 simulation result for different file sizes
Appendix2: Simulation parameters
Appendix2-1: General 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 
	7 symbols

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RS and control signaling overhead 
	7OFDM symbols: 21% overhead
1 or 2OFDM symbols: 30% 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

	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

	CSI report period 
	5 TTIs

	CSI report delay 
	6TTIs

	UE receiver
	MMSE-IRC

	eNB noise figure 
	5dB 

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

	UE noise figure
	9dB

	UE speed
	3Km/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 4 General parameters

Appendix2-2: TCP parameters
	Parameter 
	Assumptions 

	TCP models
	- SSThresh 65535 Bytes
- Initial window size 1460 Bytes 
- Max segment size 1460 Bytes
- 40 Bytes TCP header + IP header are added to the initial window size and max segment size。
- The three way handshake is not modelled as baseline.

	CN delay
	6ms

	TCP ACK Delay
	0ms


Table 5 TCP parameters
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