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1
Introduction
In RAN#67, a new Study Item on “Latency reduction techniques for LTE” [1] was approved, and one of the objectives is as follow:
As first aspect, potential gains like reduced response time and improved TCP throughput due to latency improvements on typical applications and use cases are identified and documented. In this evaluation RAN2 may assume latency reductions due to protocol enhancements as well as shortened TTIs. In conclusion, this aspect of the study is supposed to show what latency reductions would be desirable [RAN2].
In this contribution, we will evaluate the gains provided by the shortened TTI of 0.5ms on some typical applications.
2
Discussion
2.1
VoLTE call setup latency
Call setup latency is one important performance metric for some real-time applications, like VoLTE/OTT VoIP and video telephony/conferencing. Shorter call setup latency for these real-time applications will greatly increase the perceived quality of experience. It is expected that 0.5ms TTI will indirectly give a shorter VoLTE call setup latency, due to faster transport of control plane signalling. 
The analysis on uplink transmission latency and downlink reception latency for synchronized UEs is provided in Table 2.1-1 and Table 2.1-2 respective according to TR 36.912. Wherein, the SR period is set to 1ms for both 1ms TTI and 0.5ms TTI.

Table 2.1-1: Uplink transmission latency for synchronized UEs for 1ms/0.5ms TTI (error free)
	Component
	Description
	1msTTI [ms]
	0.5msTTI[ms]

	1
	Average delay to next SR opportunity (1ms PUCCH cycle)
	0.5
	0.25

	2
	UE sends Scheduling Request
	1
	0.5

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3
	1.5

	4
	Transmission of Scheduling Grant
	1
	0.5

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3
	1.5

	6
	Transmission of UL data
	1
	0.5

	
	Total delay
	9.5
	4.75


Table 2.1-2: Downlink reception latency for synchronized UEs for 1ms/0.5ms TTI (error free)
	Component
	Description
	1msTTI [ms]
	0.5msTTI[ms]

	1
	Average delay to next scheduling 
	0.5
	0.25

	2
	eNB Processing Scheduling
	1.5
	0.75

	3
	Transmission of DL data
	1
	0.5

	
	Total delay
	3
	1.5


In addition, it is assumed that the HARQ RTT for 1ms TTI is 8ms, and the HARQ RTT for 0.5ms TTI is 4ms.
Based on above assumptions, we can know that the time saved for one uplink small packet transmission (like RRC signalling) is (9.5ms-4.75ms) = 4.75ms. The time saved for one uplink large packet transmission (like SIP signalling) is (9.5ms-4.75ms+8ms-4ms) = 8.75ms, as we assume in this case the UE needs to provide BSR to the eNB to assist the eNB scheduling. The time saved for downlink data reception is (3ms-1.5ms) =1.5ms.

Table 2.1-3 illustrates the total saved time for a VoLTE call setup starting from RRC_IDLE with 0.5ms TTI, based on the end-to-end VoLTE call setup procedures provided in Annex A.1. The total time that is saved is 83.5ms.
Table 2.1-3: The saved time for VoLTE call setup
	Signaling
	Number of signaling
	Direction-Type
	Saved time for each signalling [ms]

	RRC_SECUR_MODE_CMP +RRC_CONN_RECFG_CMP
	2
	U-RRC
	4.75

	SIP Invite
	1
	U-SIP
	8.75

	SIP Invite
	1
	D-SIP
	1.5

	SIP 183
	1
	U-SIP
	8.75

	SIP 183
	1
	D-SIP
	1.5

	SIP PRACK
	1
	U-SIP
	8.75

	SIP PRACK
	1
	D-SIP
	1.5

	RRC_CONN_RECFG
	2
	D-RRC
	1.5

	RRC_CONN_RECFG_CMP
	2
	U-RRC
	4.75

	SIP Update
	1
	U-SIP
	8.75

	SIP Update
	1
	D-SIP
	1.5

	SIP 200 OK
	1
	D-SIP
	1.5

	SIP 200 OK
	1
	U-SIP
	8.75

	SIP 180 Ringing
	1
	U-SIP
	8.75

	SIP 180 Ringing
	1
	D-SIP
	1.5

	Total saved time 
	83.5


Obeservation 1: With 0.5ms TTI, the VoLTE call setup lateny could be reduced by 83.5ms. 
2.2
System capacity for small packet
In today’s networks, we see a huge growth of small packets, due to e.g. the popularity of social network applications, machine type communications, etc. TCP acknowledges also contribute a lot to small packets, as TCP is the dominating transport layer protocol used for varies applications over the Internet.
Table 2.2-1 lists the distribution (i.e. probability) of the number of PRB(s) occupation for different packet size. We get this PRB distribution from system simulations, using 0.5ms TTI length. In Table 2.2-1, 1 PRB means one PRB for 1ms TTI length (i.e. existing PRB concept), and 0.5 PRB means half of the existing PRB. Taken the packet size of 32 Bytes as one example, the probability that it occupies 0.5 PRB is 25.02%.
Table 2.2-1: Distribution of # PRB for different packet size

	　Index
	i =1
	i=2
	i=3
	i=4
	i=5
	i=6
	i=7
	i=8
	i=9

	
	0.5 PRB
	1 PRB
	1.5 PRB
	2 PRB
	2.5 PRB
	3 PRB
	3.5 PRB
	4 PRB
	≥4.5 PRB

	32 Bytes
	25.02%
	55.10%
	12.65%
	3.44%
	1.71%
	1.21%
	0.14%
	0.25%
	0.21%

	40 Bytes
	5.48%
	64.48%
	16.33%
	7.17%
	3.04%
	1.38%
	1.01%
	0.17%
	0.06%

	50 Bytes
	2.03%
	56.94%
	20.53%
	10.62%
	3.68%
	2.70%
	0.96%
	0.94%
	0.64%

	60 Bytes
	1.29%
	43.15%
	25.80%
	13.84%
	5.64%
	3.35%
	2.48%
	1.66%
	0.41%

	70 Bytes
	3.68%
	28.37%
	33.06%
	14.23%
	7.81%
	3.33%
	3.09%
	2.28%
	1.73%

	80 Bytes
	0.39%
	8.79%
	45.29%
	16.56%
	10.57%
	5.38%
	3.19%
	3.81%
	1.29%

	90 Bytes
	0.34%
	6.08%
	37.82%
	21.29%
	12.21%
	5.92%
	4.89%
	2.14%
	2.81%

	100 Bytes
	0.25%
	3.88%
	31.82%
	22.68%
	11.68%
	11.36%
	4.25%
	3.17%
	2.29%


With 0.5ms TTI, different packet size will obtain different gains, and the gain for different packet size could be calculated as below:
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For example, for the packet size of 32 Bytes, if one packet occupies 0.5 PRB with 0.5ms TTI, it means it will occupy 1 PRB with 1ms TTI. In this case, the capacity 
[image: image2.wmf]1

Gain

 is (1-0.5)/0.5 = 100%. If one packet occupies 1 PRB with 0.5ms, it means it will also occupy 1 PRB with 1ms TTI. In this case, the 
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is 0%. Similarly, the 
[image: image4.wmf]3

Gain

 is (2-1.5)/1.5 = 33.33%.
Figure 2.2-1 illustrates the system capacity gain for different packet size provided by 0.5ms TTI. It could be observed that the packet size of 32Bytes can achieve the highest capacity gain, which is about 29.5%.
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Figure 2.2-1: Capacity gain for different packet size
Observation  2: With 0.5ms TTI, system capacity gain can be achieved for small packet. For the packet size of 32Bytes, 29.5% system capacity gain can be achieved.
2.3
FTP throughput 
Today, TCP is the dominating transport layer protocol used for varies applications over the Internet. For a FTP file with relative small size (e.g. 0.5Mbytes), the TCP slow start period is a significant part of the total transport period. During TCP slow start, the performance is latency limited. Shortened TTI over the air interface can accelerate the TCP ACK from the peer entity to shorten the TCP slow start phase, so that the TCP throughput can be improved. Further more, shortened TTI over the air interface can also shorten the TCP RTT, which will also contribute to the increased TCP throughput.
Figure 2.3-1 illustrates the UPT (User Perceived Throughput) gain provided by 0.5ms TTI for FTP download, wrt different number of UEs per cell. The FTP file size is 0.5Mbytes. The simulation assumptions on radio aspects are provide in Annex A.2, the FTP traffic model is provided in Annex A.4, and the TCP parameters are provided in Annex A.3. 
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Figure 2.3-1: UPT gain for FTP download
It could be observed that 58% UPT gain can be achieved with 0.5ms TTI, if there is only one UE per cell. For increased number of UEs per cell, the UPT gain will be slightly decreased, as radio interface becomes the bottleneck.
Figure 2.3-2 shows how the TCP slow start phase can be promoted with 0.5ms TTI, taken one UE with moderate geometry as the example. It could be observed that the TCP window for the TCP transmission with 0.5ms TTI grows more quickly and than that with 1ms TTI in the TCP slow start phase.

[image: image7.emf]
Figure 2.3-2: Accelerated TCP window by 0.5ms TTI
Observation  3: With 0.5ms TTI, FTP UPT gain can be achieved. For the FTP file size of 0.5Mbytes, 58% UPT gain can be achieved.
2.4
HTTP download
HTTP is the dominating application layer protocol used for varies applications over the Internet, for which HTTP download time is one important performance metric.  HTTP transport is based on the TCP protocol. Therefore, the UPT (User Perceived Throughput) gain can also be observed with shorted TTI, due to the promoted TCP slow start phase. Consequently, HTTP download could be accelerated.
Figure 2.4-1 illustrates the gain on HTTP download time that provided by 0.5ms TTI, assuming there are 1 UEs per cell. The simulation assumptions on radio aspects are provide in Annex A.2 and the HTTP traffic model is provided in Annex A.5.
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Figure 2.4-1: HTTP download time gain
It could be observed that the HTTP download time could be reduced by 17.06% in average with 0.5ms TTI.

Observation  4: With 0.5ms TTI, the HTTP download time could be reduced by 17.06% in average. 
3
Conclusion
In this contribution, we evaluated the gains provided by the shortened TTI of 0.5ms for some typical applications, and we have the following observations:

Obeservation 1: With 0.5ms TTI, the VoLTE call setup lateny could be reduced by 83.5ms. 
Observation  2: With 0.5ms TTI, system capacity gain can be achieved for small packet. For the packet size of 32Bytes, 29.5% system capacity gain can be achieved.
Observation  3: With 0.5ms TTI, FTP UPT gain can be achieved. For the FTP file size of 0.5Mbytes, 58% UPT gain can be achieved.
Observation  4: With 0.5ms TTI, the HTTP download time could be reduced by 17.06% in average. 
We kindly propose that:

Proposal: Capture the evaluations in this contribution into the TR.
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Annex 
A.1
VoLTE call setup procedures
Figure A.1-1 shows the end-to-end setup procedures for a VoLTE call, taken [5] [6] as the reference.
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Figure A.1-1: VoLTE call setup procedures
A.2
Simulation assumptions on radio aspects
Table A.2-1:  Simulation assumptions on radio aspects
	Parameter
	Assumption

	Simulation time
	51s(Ftp1), 100s(HTTP)

	System bandwidth
	20 MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 7 sites, 3 cells per site, with wrap-around

	Number of UEs
	1, 5, 10, 20 per cell

	Inter-site distance
	500m

	UE speed
	3Km/h

	Antenna configuration
	2 tx , 4 rx (CELL) ; 1 tx, 2 rx (UE)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm – 20MHz carrier

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Channel model
	Large Fading channel model

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Lognormal shadowing model
	Reference to B1.4.1.4 in UMTS TR30.03

	Lognormal shadowing standard deviation
	8dB

	Correlation distance of shadowing
	50 ms

	Shadowing correlation
	Between sites
	0.5
1

	
	Between cells
	

	Penetration loss
	20dB

	CQI measurement period
	5 ms

	SRS reporting period
	5 ms

	Number of RLC ARQ max transmit
	16

	Number of MAC HARQ max transmit
	3

	TP layer
	TCP

	CN Delay
	0ms (assuming eNB and APP server are co-located)

	BSR Period
	5ms

	SR Period 
	1ms


A.3
TCP parameters
Table A.3-1: TCP parameters [3]
	Parameter
	Assumption

	TCP ACK Delay
	0ms

	Initial TCP Window
	1460 Bytes

	Initial Ssthresh
	65535Bytes

	Ssthresh
	65536 Bytes

	TCP Connection Number
	1(FTP1), 5(HTTP)


A.4
FTP traffic model
Table A.4-1: FTP traffic model [3]
	Parameter
	Assumption

	FTP Model
	Model 1

	Packet Size
	0.5Mbytes

	User arrival rate λ
	Poisson distributed with arrival rate λ, λ = 0.2


A.5
HTTP traffic model
Table A.5-1: HTTP traffic model [4]
	Component
	Distribution
	Parameters
	PDF

	Main object size (SM)
	Truncated Lognormal
	Mean = 10710 Bytes

SD = 25032 Bytes

Min = 100 Bytes

Max = 2 MBytes
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if x > max or x < min, discard and generate a new value for x.

	Embedded object size(SE)
	Truncated Lognormal
	Mean = 7758 Bytes

SD = 126188 Bytes

Min = 50 Bytes

Max = 2 Mbytes
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if x > max or x < min, discard and generate a new value for x.

	Number of embedded objects per page (Nd)
	Truncated Pareto
	Mean = 5.64

Max = 53
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Subtract k from the generated random value to obtain Nd.

If x > max, discard and regenerate a new value for x.

	Reading time
	Exponential
	Mean = 30 sec
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	Parsing time
	Exponential
	Mean = 0.13sec
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