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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).
During the RAN#71, it is further clarified that the study on latency reduction techniques for LTE in 2016 Q2 is focused for: frame structure type 1 and frame structure type 2.
This contribution provides system-level evaluation results of latency reduction for F2 discussed in [2].
Evaluation assumptions 
As discussed in [2], the latency in single TDD carrier is not reduced in a way proportional to the TTI length reduction due to the restriction of UL/DL configuration, which is different from latency reduction in FDD. To achieve latency reduction comparable to FDD sTTI, new switching points may be considered on top of the existing TDD UL/DL configurations.
In order to evaluate the short TTI gains in FS2, legacy TDD DL/UL configuration#2 and special subframe configuration 8(DpPTS:GP:UpPTS =11:1:2) are compared. 
For TTI shortening case, it keeps legacy configuration#2, and all downlink/uplink/special subframes are fixed as downlink/uplink/special subframes. Besides, up to 2 symbols can be configured for UpPTS for uplink transmission and can only be used for SRS and PRACH transmission.
For new subframe type case, the location of the new subframe type may affect the time delay of frame alignment and HARQ retransmission. So, we simulate two examples of the new subframe type that are recommended in [2] as shown in Figure 1 and Figure 2. The SC-FDMA symbols in UpPTS can be used for sPUCCH/sPUSCH transmission in the new subframe type. 




Figure1: sTTI=7 symbols with different subframe type





Figure2: sTTI=2 symbols with different subframe type
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. 
[bookmark: _Ref442182353]Table 1 FTP traffic model 2 and TCP model parameters
	Parameter
	Assumption

	FTP traffic model
	FTP Traffic Model 2 [3]
· Reading Time: Exponential Distribution, with parameter TBD for specific traffic loads

     

	File size/ reading time D
	100KB / D = 1s / D= 1/2s / D= 1/4s
500KB / D = 5s / D = 3s / D = 2s

	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.


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.
Table 2: Uplink TCP ACK transmission latency calculation
	Step
	Description
	Delay

	1.
	Encoding of (SR) sPUCCH
	UL Frame Alignment

	2.
	UE Transmission of (SR) sPUCCH
	1 TTI

	3.
	eNB Decoding of (SR) sPUCCH + Encoding UL grant
	1.5TTI+1TTI+DL Frame Alignment

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

	5.
	UE processing delay (decoding Scheduling grant + L1 encoding of data)
	1.5TTI+1TTI+UL Frame Alignment

	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
	
	9.5TTI+DL Frame Alignment + 2*UL Frame Alignment


As shown in table 3, DL/UL frame alignment in case of the different TTI length is given.
Table 3: DL/UL frame alignment for different sTTI length
	TTI length
	 UL Fame Alignment
	D L Fame Alignment

	14OS
	2.5TTI
	0.7TTI

	7OS
	4.1TTI
	0.8TTI

	2OS
	11.3TTI
	1.53TTI

	Example 1 of 7OS
	2.7TTI
	0.9TTI

	Example 2 of 2OS
	4.5TTI
	1.59TTI


Evaluation results 
3.1 Performances of TTI shortening with existing UL/DL configuration
	Parameter
	Assumption

	CN delay
	6ms

	UL TCP ACK delay
	9.5TTI+DL Frame Alignment + 2*UL Frame Alignment

	CSI feed back
	CSI delay: 6TTI

	UE speed
	3km/h

	File size
	0.1Mbyte, 0.5Mbyte

	TTI length
	1ms, 0.5ms, 2OS



The following evaluation results aim to show the impact of different resource utilizations varying from 23% to 75.6%, assuming the shortened TTI length equal to 14OS, 7OS, 2OS and FTP file size equal to 0.1Mbyte, or 0.5Mbyte. 
Table 4 and Table 5 show that short TTI gain under different loads and files. There are obvious gains with mean, 50% and 95% of UPT. However, for medium and high load, the 5% UPT (representing the cell edge performance) even has negative gain.
Table 4~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.
Table 4: File size=0.1Mbyte, UPT and latency gain of under different RUs
	Reported
Parameters
	Low load
	Medium load
	High load

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

	UPT CDF
[Mbps]
	5%
Gain(%)
	3.7273
(0)
	4.3272
(+16.1)
	4.5044
(+20.8)
	3.2014
(0)
	3.7982
(+18.6)
	3.5345
(+10.4)
	2.881
(0)
	3.1407
(+9)
	2.5885
(-10.2)

	
	50%
Gain(%)
	4.1588
(0)
	5.1108
(+23)
	6.3673
(+53.1)
	4.1387
(0)
	5.0572
(+22.2)
	6.0686
(+46.6)
	4.0938
(0)
	4.9064
(+19.8)
	5.4057
(+32)

	
	95%
Gain(%)
	4.4846
(0)
	5.3799
(+20)
	6.6079
(+47.3)
	4.4799
(0)
	5.3674
(+19.8)
	6.5565
(+46.4)
	4.4788
(0)
	5.3559
(+19.6)
	6.4604
(+44.2)

	
	Mean
Gain(%)
	4.1519
(0)
	5.0448
(+21.5)
	6.1278
(+47.5)
	4.0839
(0)
	4.908
(+20.2)
	5.7346
(+40.4)
	3.9482
(0)
	4.6714
(+18.3)
	5.0658
(+28.3)

	Delay
CDF
[s]
	5%
Gain(%)
	0.1871
(0)
	0.1559
(-16.7)
	0.1269
(-32.2)
	0.1872
(0)
	0.1562
(-16.6)
	0.128
(-31.7)
	0.1872
(0)
	0.1564
(-16.5)
	0.1299
(-30.6)

	
	50%
Gain(%)
	0.202
(0)
	0.1643
(-18.7)
	0.132
(-34.7)
	0.2033
(0)
	0.1661
(-18.3)
	0.1393
(-31.5)
	0.2056
(0)
	0.1722
(-16.2)
	0.158
(-23.2)

	
	95%
Gain(%)
	0.2261
(0)
	0.1925
(-14.9)
	0.1803
(-20.3)
	0.2571
(0)
	0.218
(-15.2)
	0.2292
(-10.9)
	0.286
(0)
	0.2656
(-7.1)
	0.3324
(+16.2)

	
	Mean
Gain(%)
	0.2035
(0)
	0.1677
(-17.6)
	0.1399
(-31.3)
	0.2084
(0)
	0.1746
(-16.2)
	0.1556
(-25.3)
	0.2199
(0)
	0.1892
(-14)
	0.191
(-13.3)

	RU(%)
	23
	24.3
	28.1
	41
	42.6
	51.3
	62
	65.5
	75.7

	λ
	1
	2
	4



Table 5 File size=0.5Mbyte, UPT and latency gain of under different RUs
	Reported
Parameters
	Low load
	Medium load
	High load

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

	UPT CDF
[Mbps]
	5%
Gain(%)
	7.0814
(0)
	7.3624
(+4)
	6.1689
(-12.9)
	6.3052
(0)
	6.1219
(-2.9)
	5.1637
(-18.1)
	5.0804
(0)
	5.0075
(-1.4)
	4.0992
(-19.3)

	
	50%
Gain(%)
	10.3584
(0)
	12.8161
(+23.7)
	15.2424
(+47.2)
	10.1512
(0)
	12.4954
(+23.1)
	12.9008
(+27.1)
	10.0251
(0)
	11.5342
(+15.1)
	11.5781
(+15.5)

	
	95%
Gain(%)
	11.3794
(0)
	13.6825
(+20.2)
	16.9325
(+48.8)
	11.3632
(0)
	13.6735
(+20.3)
	16.8127
(+48)
	11.3593
(0)
	13.6124
(+19.8)
	16.2753
(+43.3)

	
	Mean
Gain(%)
	10.0803
(0)
	12.1552
(+20.6)
	13.7741
(+36.6)
	9.7447
(0)
	11.703
(+20.1)
	12.445
(+27.7)
	9.2832
(0)
	10.86
(+17)
	11.0248
(+18.8)

	Delay
CDF
[s]
	5%
Gain(%)
	0.3684
(0)
	0.3065
(-16.8)
	0.2476
(-32.8)
	0.3686
(0)
	0.3067
(-16.8)
	0.2493
(-32.4)
	0.3689
(0)
	0.3079
(-16.5)
	0.2569
(-30.4)

	
	50%
Gain(%)
	0.4052
(0)
	0.3271
(-19.3)
	0.28
(-31)
	0.4137
(0)
	0.3371
(-18.5)
	0.3361
(-18.8)
	0.4213
(0)
	0.3692
(-12.4)
	0.3855
(-8.5)

	
	95%
Gain(%)
	0.576
(0)
	0.5207
(-9.6)
	0.6915
(+20.1)
	0.6587
(0)
	0.6598
(+0.2)
	0.8025
(+21.8)
	0.7916
(0)
	0.808
(+2.1)
	1.0624
(+34.2)

	
	Mean
Gain(%)
	0.4283
(0)
	0.3616
(-15.6)
	0.3436
(-19.8)
	0.4549
(0)
	0.3884
(-14.6)
	0.4112
(-9.6)
	0.5055
(0)
	0.4467
(-11.6)
	0.5032
(-0.5)

	RU(%)
	24.9
	26
	30.2
	39
	37.9
	47
	55.6
	57.6
	65

	λ
	1/5
	1/3
	1/2



Observation1: TTI shortening brings latency reduction gain in case of legacy TDD DL/UL configuration.
Observation2: Regardless the value of RU and file size, 2 symbols TTI provides the best performance in case of non-cell-edge UEs, followed by 7 symbols.
3.2 Performances of TTI shortening with new subframe type
	Parameter
	Assumption

	CN delay
	6ms

	UL TCP ACK delay
	9.5TTI+DL Frame Alignment + 2*UL Frame Alignment

	CSI feed back
	CSI delay: 6TTI

	UE speed
	3km/h

	File size
	0.1Mbyte, 0.5Mbyte

	TTI length
	0.5ms, example1 , 2OS, example2



As shown in table 6 and 7, we compare the influence of new subframe type of different RU and file sizes for short TTI performance. 7 symbols TTI length with existing UL/DL configuration 2 is used to compare with example 1of new frame structure, and 2 symbols TTI length with existing UL/DL configuration 2 is used to compare with example 2 of new frame structure.
From the results shown in Table 6 and Table 7, when the TTI length is 7 symbols, we did not observe over 8% gain of the new frame structure example 1 comparing with TTI shortening with existing UL/DL configuration 2 in mean UPT. What’s more, the 5% UPT point has negative gain. For 2 symbols TTI length, we can see that the new frame structure example 2 brings 15% more  gain than TTI shortening with existing UL/DL configuration 2 in mean UPT.
Table 6: File size=0.1Mbyte, UPT and latency gain of different RUs for new subframe type
	Reported
Parameters
	Low load
	Medium load
	High load

	
	7OS
	Enhanced 
7OS
	2OS
	Enhanced
2OS
	7OS
	Enhanced
7OS
	2OS
	Enhanced
2OS
	7OS
	Enhanced
7OS
	2OS
	Enhanced
2OS

	UPT CDF
[Mbps]
	5%
Gain(%)
	4.3272
(0)
	 4.2936
(-0.8)
	4.5044
(0)
	4.8637
(+8)
	3.7982
(0)
	3.4995
(-7.9)
	3.5345
(0)
	3.8172
(+8)
	3.1407
(0)
	2.772
(-11.7)
	2.5885
(0)
	2.363
(-8.7)

	
	50%
Gain(%)
	5.1108
(0)
	5.5549
(+8.7)
	6.3673
(0)
	7.4219
(+16.6)
	5.0572
(0)
	5.4519
(+7.8)
	6.0552
(0)
	7.0183
(+15.9)
	4.9064
(0)
	5.1022
(+4)
	5.4057
(0)
	5.9849
(+10.7)

	
	95%
Gain(%)
	5.3799
(0)
	5.827
(+8.3)
	6.6079
(0)
	7.8379
(+18.6)
	5.3674
(0)
	5.8067
(+8.2)
	6.5563
(0)
	7.8094
(+19.1)
	5.3559
(0)
	5.7776
(+7.9)
	6.4604
(0)
	7.6468
(+18.4)

	
	Mean
Gain(%)
	5.0448
(0)
	5.4087
 (+7.2)
	6.1278
(0)
	7.067
(+15.3)
	4.908
(0)
	5.1873
(+5.7)
	5.7334
(0)
	6.5576
(+14.4)
	4.6714
(0)
	4.8309
(+3.4)
	5.0658
(0)
	5.6769
(+12.1)

	Delay
CDF
[s]
	5%
Gain(%)
	0.1559
(0)
	0.144
(-7.6)
	0.1269
(0)
	0.1069
(-15.8)
	0.1562
(0)
	0.1443
(-7.6)
	0.128
(0)
	0.107
(-16.2)
	0.1564
(0)
	0.1452
(-7.2)
	0.1299
(0)
	0.1098
(-15.5)

	
	50%
Gain(%)
	0.1643
(0)
	0.1511
(-8.03)
	0.132
(0)
	0.1128
(-14.5)
	0.1661
(0)
	0.1538
(-7.4)
	0.1397
(0)
	0.1209
(-5.5)
	0.1722
(0)
	0.1643
(-4.6)
	0.158
(0)
	0.1451
(-8.2)

	
	95%
Gain(%)
	0.1925
(0)
	0.1967
(+2.2)
	0.1803
(0)
	0.1711
(-5.1)
	0.218
(0)
	0.2391
(+9.7)
	0.2292
(0)
	0.2197
(-4.1)
	0.2656
(0)
	0.305
(+14.8)
	0.3324
(0)
	0.3416
(+2.8)

	
	Mean
Gain(%)
	0.1677
(0)
	0.1573
(-6.2)
	0.1399
(0)
	0.123
(-12.1)
	0.1746
(0)
	0.1679
(-3.8)
	0.1556
(0)
	0.1395
(-10.3)
	0.1892
(0)
	0.1893
(+0.05)
	0.1906
(0)
	0.1776
(-6.8)

	RU(%)
	24.3
	25.3
	28.1
	30
	42.6
	49
	51.3
	52.5
	65.5
	71.2
	75.7
	78.2

	λ
	1
	2
	4



Table 7: File size=0.5Mbyte, UPT and latency gain of different RUs for new subframe type
	Reported
Parameters
	Low load
	Medium load
	High load

	
	7OS
	Enhanced 
7OS
	2OS
	Enhanced
2OS
	7OS
	Enhanced
7OS
	2OS
	Enhanced
2OS
	7OS
	Enhanced
7OS
	2OS
	Enhanced
2OS

	UPT CDF
[Mbps]
	5%
Gain(%)
	7.3624
(0)
	7.0403 
(-4.4)
	6.1689
(0)
	6.3707
(+3.3)
	6.1219
(0)
	5.9283
(-3.2)
	5.1637
(0)
	4.903
(-5.1)
	5.0075
(0)
	4.0092
(-19.9)
	4.0992
(0)
	3.8225
(-6.8)

	
	50%
Gain(%)
	12.8161
(0)
	13.5486
(+5.7)
	15.2424
(0)
	17.1841
(+12.7)
	12.4954
(0)
	12.8387
(+2.7)
	12.9008
(0)
	14.6503
(+13.6)
	11.5342
(0)
	11.6998
(+1.4)
	11.5781
(0)
	12.5073
(+8)

	
	95%
Gain(%)
	13.683
(0)
	14.831
(+8.4)
	16.9325
(0)
	20.11
(+18.8)
	13.6735
(0)
	14.775
(+8.1)
	16.8127
(0)
	20.0442
(+19.2)
	13.6124
(0)
	14.6516
(+7.6)
	16.2753
(0)
	19.9025
(+22.3)

	
	Mean
Gain(%)
	12.1552
(0)
	12.6118
 (+3.8)
	13.7741
(0)
	15.5882
(+13.2)
	11.703
(0)
	11.9836
(+2.4)
	12.445
(0)
	13.8772
(+11.5)
	10.86
(0)
	10.6747
(-1.7)
	11.0248
(0)
	12.5639
(+14)

	Delay
CDF
[s]
	5%
Gain(%)
	0.3065
(0)
	0.2825
(-7.8)
	0.2476
(0)
	0.2085
(-15.8)
	0.3067
(0)
	0.2833
(-8)
	0.2493
(0)
	0.2091
(-16.1)
	0.3079
(0)
	0.2839
(-7.8)
	0.2569
(0)
	0.2098
(-18.3)

	
	50%
Gain(%)
	0.3271
(0)
	0.3114
(-4.8)
	0.28
(0)
	0.2462
(-12.1)
	0.3371
(0)
	0.3318
(-1.6)
	0.3361
(0)
	0.2996
(-10.9)
	0.3692
(0)
	0.3851
(+4.3)
	0.3855
(0)
	0.3469
(-10)

	
	95%
Gain(%)
	0.5207
(0)
	0.574
(+10.3)
	0.6915
(0)
	0.6312
(-8.7)
	0.6598
(0)
	0.6709
(+1.7)
	0.8025
(0)
	0.815
(+1.6)
	0.808
(0)
	1.0732
(+32.8)
	1.0624
(0)
	1.1379
(+7.1)

	
	Mean
Gain(%)
	0.3616
(0)
	0.3575
(-1.1)
	0.3436
(0)
	0.3203
(-6.7)
	0.3884
(0)
	0.3953
(+1.8)
	0.4112
(0)
	0.3875
(-5.8)
	0.4467
(0)
	0.4965
(+11.1)
	0.5032
(0)
	0.4712
(-6.4)

	RU(%)
	26
	29
	30.2
	28.5
	37.9
	43.3
	47
	50
	57.6
	63.5
	65
	65

	λ
	1/5
	1/3
	1/2



[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Observation3: In case of 7 symbols TTI, there is small latency reduction gain of new subframe type compared to TTI shortening with existing UL/DL configuration 2.
Observation4: In case of 2 symbols TTI, there is more latency reduction gain of new subframe type compared to TTI shortening with existing UL/DL configuration 2.
Conclusion
This contribution provides the system-level simulation results for TTI shortening of different schemes on TDD, together with the following observations:
Observation1: TTI shortening brings latency reduction gain in case of legacy TDD DL/UL configuration.
Observation2: Regardless the value of RU and file size, 2 symbols TTI provides the best performance in case of non-cell-edge UEs, followed by 7 symbols.
Observation3: In case of 7 symbols TTI, there is small latency reduction gain of new subframe type compared to TTI shortening with existing UL/DL configuration 2.
Observation4: In case of 2 symbols TTI, there is more latency reduction gain of new subframe type compared to TTI shortening with existing UL/DL configuration 2.
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Appendix1: L1 Overhead
Table 8 L1 Overhead

	TTI length
	14OS 
	7OS
	2OS
	Example 1
	Example 2

	Scheduled UE number per TTI
	2 

	CRS ports
	2

	System bandwidth (MHz)
	10

	2 CCE for each user (RE)
	72

	Number of PRBs
	50

	RE of GP overhead per PRB per radio frame
	12*2*50
	12*2*50
	12*2*50 
	12*4*50
	12*6*50

	RE of PDCCH per radio frame
	12*8*50
	12*8*50
	12*8*50
	12*1*50
	12*1*50

	RE of sPDCCH overhead outside PDCCH region per radio frame
	0
	(6*1+1*2)*144
	(6*6+5*2)*144
	(1*1+2*2+2*1+2*3)*144
	(7+6+6*6)*144

	RE of CRS per radio frame
	(12*6+8*2)*50
	(12*6+8*2)*50
	(12*6+8*2)*50
	(12+3*16+12*2+8*2)*50
	(12+16+12*6)*50

	Total overhead per radio frame
	10400
	11552
	17024
	9872
	16256

	Total RE for DL and GP per radio frame
	64800
	64800
	64800
	64800
	64800

	Overhead ratio
	16.05%
	17.83%
	26.27%
	15.23%
	25.09%



Appendix2: Simulation parameters
Table 9 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 
	2/7 symbols

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RS and control signaling overhead 
	14OFDM symbols: 16.05% overhead
7OFDM symbols:  17.83% overhead
2OFDM symbols:  26.27% overhead
7OFDM symbols of new subframe: 15.23% overhead
2OFDM symbols of new subframe:  25.09% overhead

	TBS determination 
	Scalable with TTI length as baseline 

	HARQ RTT 
	scaled with TTI length shortening

	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 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
	TDD

	Network synchronization
	Synchronized

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