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1
Introduction
In this contribution we illustrate the potential benefit of reducing TTI size on the UE perceived throughput. We considered the impact of more accurate rate control due to faster CSI feedback for the 3GPP traffic model 3 scenario considered in [1] as well as the TCP traffic model considered in [2].
2
Low Latency Operation in LTE
The main benefit of low latency (LL) comes from better rate adaptation, which is due to shorter TTI can be achieved through reduced timeline for CSI reporting. As illustrated in Figure 1, more frequent HARQ feedback enables tighter rate control due to more frequent MCS corrections. More frequent CSI feedback further improves transmitter capability to match selected MCS with current radio conditions. The more bursty the interference, the more gains can be expected from low latency design.
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Figure 1: Illustration of the benefits of more frequent rate control updates due to more frequent HARQ and CSI feedback reporting.

2.1 Simulations assumptions 

In order to illustrate the benefits of low latency operation using system simulated, we considered macro cell layout described in [1]. We varied the file size in order to observe performance under different bursty interference conditions. 
2.2 Low latency for accurate rate control
The current LTE TTI is 1ms and composed of two 0.5ms slots with seven symbols (in case of normal CP length) per slot. Keeping in mind backwards compatibility and co-existence, shorter TTI suitable for low latency operation should be a multiple of the OFDM symbol length. Therefore, hereafter we assume that the shortest TTI possible is one symbol. In addition, for shorter TTIs we assume that processing and feedback delays (HARQ, CSI) are proportionally scaled with TTI duration. For example, the HARQ feedback is always after four TTIs. 
The shorter the TTI, the shorter turn-around is. This in turn enables faster/more prompt CSI feedback, which leads to more accurate rate control. To demonstrate the potential of faster timeline, we conduct simulations assuming two Poisson traffic configurations: burst size of 100kbits with 0.1s average burst interval, and burst size of 1Mbits with 1s average burst interval, and show the decoding C2Is in Figure 2 for the 100 kbit file size and in Figure 3 for the 1 Mbit file size. In particular, in these figures we compare three system configurations: LTE Rel-12 with 5ms CSI update, 1 symbol TTI based low latency operation with every 5/14ms CSI update, and 1 slot TTI based low latency operation with 5/2ms CSI update period. It can be seen from the graph that low latency operation with shorter TTIs, especially with 1 symbol TTI, significantly improve the decoding CI2. This can be intuitively explained as: fast/prompt CSI enables accurate rate control, accurate rate control leads to shorter transmission time of a Poisson burst, and shorter transmission time results in less interference. Furthermore, Table 1 tabulates the corresponding average sector TTI utilization ratios of Figure 2 and Figure 3. It can be seen that with the 1 symbol TTI, low latency design reduces by more than 35% TTI utilization ratio in comparison with LTE. Shorter TTI utilization leads to higher network capacity.
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Figure 2: Decoding C2I for Poisson traffic with 100kb burst size and 0.1s average burst interval.
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Figure 3: Decoding C2I for Poisson traffic with 1Mb burst size and 1s average burst interval.
Table 1: Average Sector Load (TTI Utilization Ratio).
	
	Poisson traffic with 100kb burst size and 0.1s average burst interval
	Poisson traffic with 1Mb burst size and 1s average burst interval

	LTE with every 5ms CSI update 
	0.43
	0.31

	Low latency with every 5/14ms CSI update
	0.28
	0.19

	Low latency with every 5/2ms CSI update
	0.40
	0.24


The burst delay CDFs are illustrated in Figure 4 and Figure 5 for the 100kb/0.1s Poisson traffic and the 1Mb/1s Poisson traffic, respectively. The burst delay CDFs illustrate improvement in user experience. Table 2 captures comparison of various delay metrics for typical reference points of interest. It is seen that shorter TTIs significantly reduces burst delays over LTE, especially when 1 symbol TTI is utilized and when burst size is short.
[image: image4.jpg]—LTE

—Low Latency( 1 Slot TTI)

—Low Latency (1 Symbol TTI)

I I
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Seconds

0.1




Figure 4: Burst delay CDF for Poisson traffic with 100kb burst size and 0.1s average burst interval.
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Figure 5: Burst delay CDF for Poisson traffic with 1Mb burst size and 1s average burst interval.
Table 2: Burst delay ratio over LTE.
	
	Poisson traffic with 100kb burst size and 0.1s average burst interval
	Poisson traffic with 1Mb burst size and 1s average burst interval

	
	5-th percentile
	50-th percentile
	95-th percentile
	5-th percentile
	50-th percentile
	95-th percentile

	1 symbol TTI
	0.64
	0.33
	0.34
	0.74
	0.56
	0.44

	1 slot TTI
	0.96
	0.69
	0.74
	0.82
	0.75
	0.68


Observation 1: Faster CSI and ACK/NACK feedback can significantly improve UE experience and network throughput.   
Proposal 1: Study new DL TTI structure shorter than 1 slot.  
Proposal 2: Study new CSI feedback structure shorter than 1 slot.  
2.3 Low latency benefits on TCP throughput

Note that the results from Section 2.2 do not account for higher layer protocols, such as TCP. To evaluate the benefits of low latency on TCP throughput, we further assume that the Poisson traffic are transmitted over TCP for which each burst arrival causes a new TCP connection between the server and the UE. This process, referred to as slow-start phase, is repeated for each burst. The modeling of TCP slow start was based on a simplified version described in [2]. It is assumed that no loss occurs at MAC layer and TCP window is large enough. Hence, in the system simulations, all TCP transmissions occur during slow-start phase. The downlink delay is modeled accurately incorporating HARQ transmissions while a fixed delay (i.e., 8 TTIs) was assumed for uplink transmission of TCP ACKs. The backhaul delay between the TCP server and the eNB is assumed to be zero. The burst delay comparison for different TTIs are shown in Figure 6 for 100kbit and in Figure 7 for 1Mbit file size. A table comparing delays from these graphs is also shown in Table 3. It is seen from the graphs, shorter TTIs remarkably reduce burst delays over TCP, especially for the low latency design based on 1 symbol TTI. The benefits of shorter turnaround for shorter TTI are particularly prominent for smaller file size. 
Proposal 3: Adopt traffic model from [2] and study low latency benefits for TCP traffic model.
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Figure 6: Burst delay CDF for Poisson traffic over TCP with 100kb burst size and 0.1s average burst interval.
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Figure 7: Burst delay CDF for Poisson traffic over TCP with 1Mb burst size and 1s average burst interval.
Table 3: Burst delay ratio over LTE (with TCP slow start).
	
	Poisson traffic with 100kb burst size and 0.1s average burst interval
	Poisson traffic with 1Mb burst size and 1s average burst interval

	
	5-th percentile
	50-th percentile
	95-th percentile
	5-th percentile
	50-th percentile
	95-th percentile

	1 symbol TTI
	0.10
	0.14
	0.25
	0.22
	0.28
	0.34

	1 slot TTI
	0.52
	0.53
	0.57
	0.55
	0.58
	0.63


3
Conclusions 
In this contribution, we illustrated the potential benefit of low latency design on UE perceiver latency and network throughput. Significant benefits are observed with simple 3GPP traffic model 3. Even larger gain can be observed when slow start phase of TCP is taken into account. The shorter the TTI the better the results. We conclude that the presented results justify the need to consider new TTI structure shorter than existing LTE slot duration (0.5 ms).   

Observation 1: Faster CSI and ACK/NACK feedback can significantly improve UE experience and network throughput.   
Proposal 1: Study new DL TTI structure shorter than 1 slot.  
Proposal 2: Study new CSI feedback structure shorter than 1 slot.  
Proposal 3: Adopt traffic model from [2] and study low latency benefits for TCP traffic model.
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