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1. Introduction
The SI of latency reduction was approved in RAN#67 [1]. According to the SID, 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 contribution, we provide the initial performance analysis on both TTI shortening and fast UL access for FTP downloads application. 
2. Discussion
2.1. Evaluation aspects

For the service transmission, the whole latency includes backhaul latency (the transmission delay between  eNB and application server) and RAN latency. Although the SI is only intended to shorten RAN latency, when we analysis the performance of RAN latency reduction, the impact of backhaul latency should not be neglected, and backhaul delay should be considered as an evaluation factor.

For FTP download application, since the improvement on the file download time brought by latency reduction would mainly on the TCP slow start phase, the improvement would be different and dependent on the proportion of TCP slow start phase in the whole file download time. Hence, the downloaded file size should be considered as an evaluation factor.

For RAN latency, it includes data transmission time (i.e. TTI), RTT, and UL access latency (in UL direction, means the period from UL data arrival in UE to data transmission based on the receiving UL grant). Currently, TTI is 1ms, RTT is 8TTI (i.e. 8ms for FDD), UL access latency is about 8ms (in D-SR case).  To reduce the latency further, for TTI, the smaller granularity should be evaluated, 1 OFDM symbol and 7 OFDM symbols (1 time slot); for extra UL latency, the shorter values than 8ms should be evaluated; for RTT, since it is related to the TTI, we stick to 8*TTI. 

Proposal 1: For latency reduction, the performance should be evaluated in the following aspects:

· Backhaul latency;

· FTP download file size;

· TTI length;

· UL access latency. 

2.2. Evaluation assumptions
The evaluation assumptions are given as below:

· FTP download application is used in evaluation, and Downloading Response Time (DRT, sec) is regarded as the metric of performance evaluation. Wherein, DRT includes the time period from UE requesting FTP service to downloading successfully finished;
· Evaluation is based on single UE system with specific block error rate at air interface;

· Simulation parameter is given in Annex 5.1. For backward compatibility, we consider half of bandwidth reserved for legacy UEs and the other half reserved for LR UEs, e.g. for 20 MHz bandwidth, the number of available PRBs for LR UEs are 50;
· TTI shorten will cause more overhead of RS and L1 control signaling.TBS of shortened TTI is scaled to reflect the increased overhead and details in Annex 5.2;
· L2 overhead is not taken into account;
· UE is assumed with good channel quality and eNB can schedule UE with ideal MCS.
2.3. Performance of TTI shortening

2.3.1 Various backhaul latency
Assuming FTP file size 100Kbyte, Table-1 gives the improvement of each TTI length for various backhaul latency.

	TTI length (in OFDM symbol number)
	
	AppServer <-> eNB latency

	
	
	0ms
	5ms
	10ms
	30ms
	50ms

	14 symbol (baseline)
	DRT (sec)
	0.143
	0.214
	0.287
	0.608
	0.928

	7 symbol
	DRT (sec)
	0.083
	0.149
	0.227
	0.547
	0.867

	
	Gain
	41.96%
	30.37%
	20.91%
	10.03%
	6.57%

	1 symbol
	DRT (sec)
	0.457
	0.491
	0.534
	0.748
	0.989

	
	Gain
	-219.58%
	-129.44%
	-86.06%
	-23.03%
	-6.57%

	Note: 

1) DRT (sec) is the statistic metric, means downloading response time; 

2) The gain is calculated by (1-DRT/Baseline_DRT), where, >0 means improvement, <0 means performance loss;

3) The best improvement and the worst loss are highlighted.
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Figure-1
Various backhaul latency
From Table-1, it can be seen that with the backhaul delay increasing the DRT difference of different TTI length is decreasing, and in case of backhaul delay 50ms, we can regard there is no much difference of different TTI length. The reason is that TTI shortening only brings the improvement on Uu transmission, and the Uu latency reduction is negligible compare to the long backhaul delay.
Observation 1: With longer backhaul latency, the performance difference brought by TTI shortening is smaller. 
Also from Table-1, comparing the gain on DRT of different TTI granularity, 1-OFDM-symbol TTI will give the negative gain compared with the legacy 1ms TTI, and 7-OFDM-symbol TTI can bring significant gain. The main reason for negative gain in 1-OFDM-symbol TTI is that the transmission data amount in 1-OFDM-symbol TTI is decreased and the delay for one whole IP packet transmission in Uu interface is actually not decreased but increased instead. 
Observation 2: In case of backhaul delay 0ms, 5ms and 10ms, 7-OFDM-symbol TTI brings significant gain on FTP download time. 
Observation 3: 1-OFDM-symbol TTI brings negative gain on FTP download time. 

2.3.2 Various FTP file size

Assuming backhaul delay 0ms, Table-2 gives the improvement of each TTI length for various FTP file size.

	TTI length (in OFDM symbol number)
	
	FTP File Size

	
	
	10KByte
	100KByte
	1MByte
	5MByte

	14 symbol (baseline)
	DRT (sec)
	0.063
	0.143
	0.378
	1.341

	7 symbol
	DRT (sec)
	0.033
	0.083
	0.487
	2.306

	
	Gain
	47.62%
	41.96%
	-28.84%
	-71.96%

	1 symbol
	DRT (sec)
	0.048
	0.457
	4.542
	22.712

	
	Gain
	23.81%
	-219.58%
	-1101.59%
	-1593.66%

	Note: 1Mbyte and 5Mbyte results are not involved in Figure-2 due to a large magnitude.
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Figure-2
Various file size
From Table-2, it can be seen that the gain becomes smaller even negative with the file size larger: for 7-OFDM-symbol TTI there is significant gain in case of 10Kbyte and 100Kbyte file size, and better in 10KB than in 100KB; and for 1-OFDM-symbol TTI there is only gain in case of 10KB. Main factors which lead to the performance decrease are list as below:
1) The throughput in Uu interface is significantly affected by physical control channel and RS overhead, especially for larger files, and lack of Uu capacity leads to longer latency in RAN side;
2) The latency reduction mainly speeds the TCP slow start phase. With file size increasing, the total download time is increasing, and the ratio of  TCP slow start phase in entire download period would be smaller;
3) Layer 2 will generate more segments for larger files, which will make longer transfer latency and higher packet error rate to a higher layer packet, e.g. IP packet.
Observation 4: TTI shortening brings significant improvement in case of small file size downloading, 10Kbyte for 7-OFDM-symbol TTI and 1-OFDM-symbol TTI, 100Kbyte for 7-OFDM-symbol TTI.
2.4. Fast UL access
UL access latency also brings impact on downloading performance, i.e. TCP ACK will feedback slowly if UL access latency is too big, which would impact the TCP transmission window increasing.
Assuming download file size 100Kbyte and backhaul delay 0ms, Table-3 gives the improvement of each TTI length for various UL access latency.

Normally, we assume 8*TTI as the UL access latency, which includes

	
	Procedure
	Delay

	1
	UE transmits SR
	1*TTI

	3
	eNB receives the SR and generates UL grant
	3*TTI

	4
	eNB transmits UL grant
	1*TTI

	5
	UE Processing
	2*TTI

	6
	UL data transmission
	1*TTI

	Note: SR pending time is not considered.


	UL delay
	
	TTI Length (in OFDM symbol number)

	
	
	14 symbol
(baseline)
	7 symbol
	1 symbol

	8*TTI
(baseline)
	DRT (sec)
	0.143
	0.083
	0.457

	4*TTI
	DRT (sec)
	0.104
	0.068
	0.457

	
	gain
	27.27%
	18.07%
	0.00%

	2*TTI
	DRT (sec)
	0.103
	0.064
	0.456

	
	gain
	27.97%
	22.89%
	0.22%

	1*TTI
	DRT (sec)
	0.090
	0.061
	0.456

	
	gain
	37.06%
	26.51%
	0.22%
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Figure-3
Various UL latency
From Table-3, it can be seen that the more UL access latency decreases, the more gain obtains; the smaller TTI is, the less gain is. The reason is that faster TCP ACK feedback in uplink direction will speed up the TCP slow start, which will make the downloading time decreased. 
Observation 5: The shorter the UL access latency is, the better the performance we’ll get.

Observation 6: UL access latency reduction could bring significant gain on 14-OFDM-symbol TTI and 7-OFDM-symbol TTI.
3. Conclusion
According to the analysis in section 2, the following observations are obtained：
Observation 1: With longer backhaul latency, the performance difference brought by TTI shortening is smaller. 
Observation 2: In case of backhaul delay 0ms, 5ms and 10ms, 7-OFDM-symbol TTI brings significant gain on FTP download time. 

Observation 3: 1-OFDM-symbol TTI brings negative gain on FTP download time. 

Observation 4: TTI shortening brings significant improvement in case of small file size downloading, 10Kbyte for 7-OFDM-symbol TTI and 1-OFDM-symbol TTI, 100Kbyte for 7-OFDM-symbol TTI.

Observation 5: The shorter the UL access latency is, the better the performance we’ll get.

Observation 6: UL access latency reduction could bring significant gain on 14-OFDM-symbol TTI and 7-OFDM-symbol TTI.
Based on these observations, it is proposed:

Proposal 1: For latency reduction, the performance should be evaluated in the following aspects:

· Backhaul latency;

· FTP download file size;

· TTI length;

· UL access latency. 

Proposal 2: capture the above observations in TR.
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5. Annex

5.1. Simulation parameters
	Parameters
	Assumptions

	APP Server <--> eNB delay (ms)
	0, 5, 10, 30, 50

	Downlink transmission delay
	4*TTI (including processing and transmission delay)

	UL Access Delay
	8*TTI (as baseline)

	FTP File Size
	10KByte, 100KByte, 1MByte, 5MByte

	TTI Duration
	1ms (as baseline)

	Available PRB number for LR UE
	50 (for 20MHz BW)

	Target Packet Error Rate
	0.1

	Max Transmission times
	4

	HARQ RTT
	8*TTI


5.2. RS and physical control channel overhead calculation

· TTI = 14 OFDM symbol (baseline)
· control overhead: 3 PDCCH OFDM symbols
· RS Overhead: 2 CRS antenna ports
· Number of REs for PDSCH per PRB: 120
· Rel-8 TBS is determined based on 120 PDSCH REs per PRB
· TBS determined according to 50 PRBs
· TTI = 7 OFDM symbol
· First slot of a subframe

· Control overhead:
· Legacy control overhead: 3 PDCCH OFDM symbols
· Due to 2 EPDCCH PRB ( TBS determined according to 48 PRBs

· RS overhead:

· RS overhead: 2 CRS antenna ports ( 4 REs per PRB in the 4 PDSCH OFDM symbols
· Number of REs for PDSCH per PRB: 44 ( TBS scaling for PDSCH PRB: 44/120 = 37%
· Second slot of a subframe

· Control overhead:
· 1 EPDCCH PRB ( TBS determined according to 49 PRBs
· RS overhead: 
· 2 CRS antenna ports ( 8 REs per PRB
· Number of REs for PDSCH per PRB: 76 ( TBS scaling: 76/120 = 63%
· TTI = 1 OFDM symbol
· Control overhead: 
· equivalent to 2 CCEs (72 REs), 6 PRB ( TBS determined according to 44 PRBs
· RS overhead: 
· 4 REs per PRB ( TBS scaling 8/120 = 6.7%
· Note: Only 11 LR TTIs can be transmitted over 1 ms, assuming 3 OFDM symbols for legacy control region
PAGE  
5
R2-152274

[image: image4.png]DRT (sec)

0.5

0.45

0.4

0.35

=
w

0.25

@
N}

0.15

0.1

0.05

H UL delay=8*TTI

B UL delay=4*TTl = UL delay=2*TTI

B UL delay=1*TTI

14 OFDM symbol

7 OFDM symbol
TTI Length (in symbol number)

1 OFDM symbol




[image: image5.png]H TTI1=14 OFDM symbol = E TTI=7 OFDM symbol = TTI=1 OFDM symbol

0.45 -
04
0.35 -

=
w

0.25 -

@
N}

DRT (sec)

0.15 -
0.1 4
0.05 -

10K 100K
FTP File Size (Byte)




[image: image6.png]0.9

DRT (sec)
© o o o o
= 0 @ 3 ®

o
w

o
N}

0.1

H TTI=14 OFDM symbol

H TTI=7 OFDM symbol

1 TTI=1 OFDM symbol

10
Backhaul Delay (ms)

30

50




