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1. Introduction

One of the objectives of the SI on “Latency Reduction Techniques for LTE’ [1] is to study “TTI shortening and reduced processing times”. Even though this is RAN1 responsibility, in the SI, RAN2 was tasked with identifying “potential gains like reduced response time and improved TCP throughput due to latency improvements” while assuming “latency reductions due to protocol enhancements as well as shortened TTIs”.
In this context, here we discuss the throughput improvements which can be provided by shorter TTI lengths. In particular, we consider system throughput gains due to faster UE feedback for channel conditions.
2. Discussion
The current LTE TTI is 1ms and composed of two 0.5ms slots with seven symbols (in case of normal CP length) per slot. In selection of a new shorter TTI, keeping the necessary work, backwards compatibility and co-existence in mind, it should be chosen as a multiple of the symbol length. Therefore, here we assume that the shortest TTI possible is one symbol and use that to compare with the current TTI duration. 

For the possible shorter TTIs, we will assume that processing and feedback times are scaled with TTI duration; for example the HARQ feedback is always after four TTIs. This is based on the RAN2#90 agreement that [1] “We assume that the UE and eNB processing time (HARQ RTT) scales with the TTI duration”.
Faster Rate Adaptation:
A shorter TTI can provide faster CSI and HARQ which can lead to more accurate rate control algorithms that better match selected data rates with rapidly changing radio conditions. This is beneficial even for low mobility UEs since radio conditions can change quickly due to bursty interference from neighbour cells. As shown in Figure 1, the reported CSI and adjusted value after rate control is much closer to the actual channel conditions observed by the UE.
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Figure 1 Benefits of Fast Rate Adaptation (slow feedback is not scaled with TTI while fast feedback is scaled with TTI)
System level simulation results under the 3GPP methodology for FTP traffic are shown in Table 1 . The details of simulation assumptions are provided in the Appendix. TTI duration of 1 symbol was compared to the current 1ms TTI. The results are the for UE-perceived throughput and median delay which are calculated as the average throughput and delay for the received FTP packets. Three file sizes chosen for the FTP packets were 100Kbits, 1Mbits, and 4Mbits.
As seen in the results, even with the same absolue CSI feedback frequency, there is significant gain for the UE perceived throughput as well as median delay since the rate control algorithm can adapt better with faster HARQ turnaround. Further gains are also seen when the CSI feedback cycle is reduced. The gains are higher for smaller FTP packet sizes. This is expected since the total transmision time increaes with larger packet sizes, which allows rate adaptation for 1ms TTI to improve. 
Table 1 UE-perceived throughput comparison between 1 symbol and 1ms TTI

	File size (100 Kbits)
	5-th %ile tput
	median tput
	95-th %ile delay
	median delay

	LTE
	4.8 Mbps
	8.87 Mbps
	20.8 ms
	11.3 ms

	Short TTI, slow CSI
	2.32x
	2.27x
	0.43x
	0.44x

	Short TTI, fast CSI 
	4.39x
	3.63x
	0.23x
	0.28x

	File size (1 Mbits)
	5-th %ile tput
	median tput
	95-th %ile delay
	median delay

	LTE
	12.4 Mbps
	22.4 Mbps
	80.4 ms
	44.7 ms

	Short TTI, slow CSI
	1.45x
	1.44x
	0.69x
	0.70x

	Short TTI, fast CSI 
	1.98x
	1.77x
	0.50x
	0.57x

	File size (4 Mbits)
	5-th %ile tput
	median tput
	95-th %ile delay
	median delay

	LTE
	15.0 Mbps
	28.0 Mps
	267 ms
	143 ms

	Short TTI, slow CSI
	1.15x
	1.17x
	0.87x
	0.85x

	Short TTI, fast CSI 
	1.46x
	1.27x
	0.69x
	0.79x


Proposal 1: The benefits of faster rate control under shorter TTI with simulations results should be captured in the TR.
3. Conclusions and Proposals
In this contribution, we showed throughput improvements provided by shorter TTIs. It is proposed to capture these in the Study Item TR:
Proposal 1: The benefits of faster rate control under shorter TTI with simulations results should be captured in the TR.
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Annex

Simulation Assumptions for Faster Rate Control:

· 3GPP D1 Configuration:
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· 1 channel of 10Mhz with one LTE macro site of 3 sectors.
· 10 UEs are dropped randomly in each cell, 3 cells per site, 7 sites.
· 3 km/h slow fading.
· FTP: Poisson arrivals with 
· Case 1: inter arrival time = 0.1/sec, PktSize=100kbits
· Case 2: inter arrival time = 1/sec, PktSize=1Mkbits
· Case 3: inter arrival time = 4/sec, PktSize=4Mbits
· TTI durations: 1 symbol and 1ms

· HARQ ACK/NAK Delay = 4*TTI

· CQI Feedback Cycle = 4*TTI or 4ms (for TTI=1symbol, slow feedback assumes 4ms)
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