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1. Introduction

RAN#67 approved a new Release 13 Study Item on Latency reduction techniques for LTE [1]. One of the RAN2 aspects of the SI is to reduce UP latency for the scheduled UL transmission and to get a more resource efficient solution, both with and without preserving the current TTI length and processing times. 

In earlier contributions, companies have raised issues about additional L1/L2 overhead due to TTI reduction and potential penalty in performance. In this contribution, we evaluate the impact of such overhead in FTP file download using TCP. 
2. Discussion
2.1. Setup for performance evaluation
The simulation setup is similar to that in [2] which can also be found in the SI TR 36.881 [3] and in Appendix A. In addition, for this study, fixed additional L1/L2 overheads due to reduced TTI handling are assumed. The additional overheads are simulated by scaling down the TBS accordingly during scheduling, both in DL and in UL. Because of the additional overhead, TCP “saturation” data-rate will be different for different overhead values, so ramp-up time taken to reach 90% saturation rate is not a fair metric for comparison across different overhead values within the same TTI. Therefore, FTP file download time (defined as the time duration between the instant when UE sends the FTP request and when the file completes download) and user perceived throughput (UPT) during the entire file download (total file size divided by file download time) is considered. Different file sizes for download are considered.   

2.2. Results
Figure 1 and Table 1 show the file download time and user perceived throughput considering different additional L1/L2 overheads for different TTI. 1ms TTI with no additional L1/L2 overhead is taken as baseline for comparison. Various file sizes are considered to cover the cases of typically small, medium and large file downloads (100KB, 500KB and 1MB). 

It is observed that for small FTP file sizes (100KB), even with 40% additional L1/L2 overhead, 0.5ms and 0.1ms TTI significantly outperform the baseline 1ms TTI – for 0.5ms the gain is about 43% increase in UPT (decrease in file download time) and for 0.1ms, the UPT is doubled. This is because the system is not overloaded during the initial ramp-up time (as sender TCP has not picked up yet), thus additional overhead does not affect the initial part of the TCP slow-start for the same TTI value. However, note that the slow-start behavior is different for different TTI (as shown in [2]). Therefore, the gain due to improvement in slow-start behavior outperforms the loss due to additional L1/L2 overhead.
Observation 1. For smaller FTP download using TCP, the user perceived throughput improvement from the TCP slow-start outperforms the potential degradation even with additional L1/L2 overhead in the shorter TTI.

For medium file size (500KB), similar UPT compared to 1ms baseline TTI is observed with 20-30% additional overhead in 0.5ms TTI and even when more than 30% additional L1/L2 overhead is present in 0.1ms TTI. 

When FTP file size is further increased, as expected, the 1ms TTI baseline scenario also can obtain high UPT. In such case, the amount of additional overhead due to reduced TTI without losing UPT performance is lower. For example, for 1MB file size, it is observed that similar UPT as in 1ms TTI is obtained with 10-20% additional overhead in 0.5ms and 0.1ms TTI.
Observation 2. For higher size FTP download using TCP, the user perceived throughput may be degraded in the shorter TTI if additional L1/L2 overhead is high.
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Figure 1 FTP file download performance with TTI reduction and different L1/L2 overhead 
Table 1 Comparison of FTP file download performance with different L1/L2 overhead
	TTI
	Additional L1/L2 overhead
	FTP File size 100 KB
	FTP File Size 500KB
	FTP File Size 1MB

	
	
	File Download Time (ms)
	UPT (Mbps)
	File Download Time (ms)
	UPT (Mbps)
	File Download Time (ms)
	UPT (Mbps)

	1ms
	Baseline 0%
	148
	5.4
	308
	13.0
	503
	15.9

	0.5ms
	0%
	79
	10.1
	234
	17.1
	434
	18.4

	
	10%
	81
	9.9
	254
	15.7
	474
	16.9

	
	20%
	86
	9.3
	281
	14.2
	529
	15.1

	
	30%
	99
	8.1
	331
	12.1
	609
	13.1

	
	40%
	104
	7.7 
	369
	10.8
	699
	11.4

	0.1ms
	0%
	46
	17.4
	208
	19.2
	410
	19.5

	
	10%
	50
	16.0
	230
	17.4
	455
	17.6

	
	20%
	56
	14.3
	260
	15.4
	515
	15.5

	
	30%
	64
	12.5
	299
	13.4
	592
	13.5

	
	40%
	73
	11.0
	347
	11.5
	692
	11.6


Based on the above observations, we propose: 

Proposal 1. RAN2 to capture the results from Figure 1 and Table 1 in TR 36.881.
3. Conclusions
In this contribution, we analyzed the effect of additional L1/L2 overhead due to TTI reduction on FTP file download time and user perceived throughput.
Observation 1

For smaller FTP download using TCP, the user perceived throughput improvement from the TCP slow-start outperforms the potential degradation even with additional L1/L2 overhead in the shorter TTI.
Observation 2

For higher size FTP download using TCP, the user perceived throughput may be degraded in the shorter TTI if additional L1/L2 overhead is high.
Proposal 1


RAN2 to capture the results from Figure 1 and Table 1 in TR 36.881.
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Appendix A
Details of simulation assumptions [2]

 REF _Ref427092188 \r \h 
 \* MERGEFORMAT [3]
In this simulation it is assumed that the core network and the Internet delay is very small and is independent of the TTI values. The assumed latency between eNB and TCP Server is 1-2 ms.

The average DL data-rate is kept the same for different TTIs. This is achieved by scaling the TBS sizes according to the duration of TTI compared to the current 1ms TTI. 

For the FTP based file download using TCP protocol, TCP New Reno is used. 

User perceived throughput (UPT) is calculated as total TCP layer data downloaded divided by the time elapsed. Initial time for setting up the network and for the UE to attach to network is removed as offset from the results such that the FTP request is sent to the server from the UE at time 0. 

A saturation data-rate of approximately 21Mbps (example scenario is 3 CA 20MHz each, cell spectral efficiency ~3.5bps/Hz, 10 UEs/cell) is assumed. MCS index of UE is set such that on an average this data-rate is achieved when TCP has fully ramped up (channel adaptation is disabled).
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