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1 Introduction

In this paper, new system-level simulation results for shortened TTI (sTTI) in downlink traffic with non-linearly scaled processing time are presented to complete the system evaluation shown in [1]. 

2 Discussion

System level simulation results presented in [1], [2] and [3] show the performance of short TTI with a processing time linearly scaled with TTI length. This means that the HARQ feedback for a sPDSCH transmission in sTTI of index n is sent in sTTI of index at n + 4. Similarly the UL grant sent in sTTI n schedules a sPUSCH transmission in sTTI n + 4. With this assumption, the operation of sTTI leads to a HARQ round trip time (RTT) of 8 sTTIs and requires the same number of HARQ processes as the operation with full length TTI, i.e. 8 HARQ processes. 
Since short TTI UEs are expected to have a shorter processing time, there was some discussion in RAN1#84bis whether this advanced short TTI capability could be applied for full length TTI as well. In this paper we show the benefits of this. In addition, we study the performance of short TTI with different level of processing time reductions.

The results in this paper are for FTP model 3 in DL with a file size of 100kB and a core network delay of 10ms. The overhead due to sPDCCH is calculated dynamically based on the number of active UEs and their long-term SINR. Other simulation assumptions are described in the Annex (section 5.1).
2.1 Legacy TTI with reduced processing time
There was a common understanding achieved in RAN1#84bis that short TTI UEs should be capable of reduced processing time. Due to an optimized UE design, reduced processing time could be achieved for full length TTI as well. Here we assume that the processing time required for full length TTI would be divided by two. This leads to a HARQ RTT of 4ms for full length TTI. Figure 1 shows the performance of full length TTI (14 symbols) with 8 HARQ processes and 4 HARQ processes in comparison with the performance of short TTI with linearly scaled processing time. The benefit of reducing the HARQ RTT for 14 symbol TTI is comparable to the benefit of a short TTI of length 7 symbols. However, it can be observed that short TTI of length 2 or 3/4 symbols provides significant additional benefit over full length TTI with half processing time. 

Observation 1 The shortest TTI lengths (2 and 3/4 symbols) outperform 14 symbol TTI length with 4ms HARQ RTT at low to medium loads

Observation 2 The performance of 7 symbol TTI is close to the one of 14 symbol TTI with 4ms HARQ RTT 
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Figure 1
Performance of 14 symbol TTI with reduced HARQ RTT and of short TTI
2.2 Short TTI with non-linearly scaled processing time
As discussed in [4], the processing time in the UE is composed of three components: 
· processing delay that scales with TTI length (scalable part), 
· processing delay that does not necessarily scale such as FFT (non-scalable part),

· timing advance (TA).

It is essential to reduce all of these three components to ensure good short TTI gains. The scalable processing delay is naturally not an issue. But the required level of reduction of the other two components is important to study. TA is set to a very large value today to cover cells of 100km. As suggested in [4], TA can be reduced to 0.33ms, i.e. half its current value, for short TTI operation and still deployment with cells of up to 50km are supported. 
In the following we study the performance of short TTI with various values for the non-scalable part of the processing time: 1 symbol, 4 symbols and 7 symbols. For the TA we study 10os (current TA), or 5os (half TA). Starting from the legacy processing of 3TTI, or 42os, we can calculate what fraction of the processing that can be scaled if we assume levels for the non-scalable delay and the TA. Scaling the scalable part according to TTI length we then find the required processing delay in TTI. This is given in Table 1. The equivalent HARQ RTT is calculated assuming the same processing time at the eNB. In the simulation, the number of HARQ processes for the studied values for the non-scalable part of the processing time equals the number of sTTIs in the HARQ RTT.
Table 1. Processing delay in the UE and HARQ RTT for different contributions of non-scalable processing and TA
	Non-scalable part
	TTI length
	Processing delay in the UE assuming half TA (5os)
	Equivalent HARQ RTT with same processing time on eNB side

	1os (low)
	2os
	6 TTI = 12os
	14 sTTIs = 28 os

	
	4os
	5 TTI = 20os
	12 sTTIs = 24 os

	
	7os
	4 TTI = 28os
	10 sTTIs = 70 os

	4os (intermediate)
	2os
	7 TTI = 14os
	16 sTTIs = 32 os

	
	4os
	5 TTI = 20os
	12 sTTIs = 24 os

	
	7os
	4 TTI = 28os 
	10 sTTIs = 70 os

	7os (high)
	2os
	9 TTI = 18os
	20 sTTIs = 40 os

	
	4os
	6 TTI = 24os
	14 sTTIs = 56 os

	
	7os
	4 TTI = 28os
	10 sTTIs = 70 os


Figure 2 shows the results considering 1 symbol for the non-scalable delay. Results for 4 and 7 symbols non-scalable delays are found in Figure 3 and Figure 4  respectively. As the non-scalable delay increases the performance of short TTI lengths of 2 and 3/4 symbols decreases, since short TTI length has less impact on the overall performance with a larger fixed delay. The predominant contribution to the overall latency is the fixed part then and shortening the TTI length has less impact. Despite this, it can be observed that in all three cases short TTI lengths of 2 and 3/4 symbols provide non-negligible improvement over the performance of 7 symbol TTI at low to medium loads. 
As the non-scalable delay increases the performance of short TTI lengths of 2 and 3/4 symbols gets closer. But still for a non-scalable delay of 4 symbols, 2 symbols TTI length with a HARQ RTT of 16 sTTIs provides additional benefits over 3/4 symbols TTI length having a HARQ RTT of 12 sTTIs. 
For all three evaluated levels of the non-scalable delay, all short TTI lengths improve the user performance compared to full length TTI.
Observation 3 The shortest TTI lengths of 2 and 3/4 symbols outperform 7 symbols TTI with all tested values for the non-scalable delay 
Observation 4 A TTI length of 2 symbols with a HARQ RTT of 16 sTTIs outperforms a TTI length of 4 symbols with a HARQ RTT of 12 sTTIs
Observation 5 For all three test values of the non-scalable delay, all short TTI lengths improve the user performance compared to 14 symbol TTI length 
Considering the results, HARQ timing and UL grant timing defined according to the intermediate value of non-scalable part provide good performance of short TTI for all TTI lengths. 
Proposal 1 

Define timing for DL data to DL HARQ to be
· n+8 TTI for 2 os DL TTI
· n+6 TTI for 4 os DL TTI
· n+5 TTI for 7 os DL TTI
Proposal 2 

Define timing for UL grant to UL data to be
· n+8 TTI for 2 os UL TTI
· n+6 TTI for 4 os UL TTI
· n+5 TTI for 7 os UL TTI
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Figure 2
Non-scalable delay: Low -- Median FTP object bitrate (100 kB file size)
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Figure 3
Non-scalable delay: Intermediate -- Median FTP object bitrate (100 kB file size)
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Figure 4
Non-scalable delay: High -- Median FTP object bitrate (100 kB file size)
3 Conclusion

In this contribution we provided simulation results of FTP download for shprt TTI with different levels of processing time reduction. The above discussion is summarized with the following observations:
Observation 6 The shortest TTI lengths (2 and 3/4 symbols) outperform 14 symbol TTI length with 4ms HARQ RTT at low to medium loads

Observation 7 The performance of 7 symbol TTI is close to the one of 14 symbol TTI with 4ms HARQ RTT 
Observation 8 The shortest TTI lengths of 2 and 3/4 symbols outperform 7 symbols TTI with all tested values for the non-scalable delay 
Observation 9 A TTI length of 2 symbols with a HARQ RTT of 16 sTTIs outperforms a TTI length of 4 symbols with a HARQ RTT of 12 sTTIs
Observation 10 For all three test values of the non-scalable delay, all short TTI lengths improve the user performance compared to 14 symbol TTI length 
Based on the obtained results, we propose the following.

Proposal 1 

Define timing for DL data to DL HARQ to be
· n+8 TTI for 2 os DL TTI
· n+6 TTI for 4 os DL TTI
· n+5 TTI for 7 os DL TTI

Proposal 2 

Define timing for UL grant to UL data to be
· n+8 TTI for 2 os UL TTI
· n+6 TTI for 4 os UL TTI
· n+5 TTI for 7 os UL TTI
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5 Annex
5.1 Simulator setup

5.1.1 Scenario parameters

	Parameter
	Value

	Number of sites, sectors per site
	7, 3

	Inter-site distance
	500m

	UE dropping
	Random uniform, 80% indoor

	UE speed
	0 (no mobility)

	UE Multipath speed
	3 km/h 

	Frequency, duplex
	2 GHz, FDD

	Bandwidth
	10 MHz

	TX power
	46 dBm (eNB), 0.25 dBm (UE)

	Antenna heights
	25m (eNB), 1.5m (UE)

	N TX antennas x M RX antennas
	2x2 (eNB), 1x2 (UE)

	Transmission mode, MIMO
	TM4, 2x2 (DL), 1x2 (UL)

	Antenna pattern
	3GPP TR36.819

	Noise figure
	5dB (eNB), 9dB (UE)

	FTP download file size
	100Kbits, 100kB, 500KB, 1MB

	FTP model
	3

	Fast Fading Model
	ITU Uma TR36.819

	Pathloss Model
	ITU Uma TR36.814

	TCP Configuration
	Slow Start: Exponential default

Congestion Avoidance: Reno

Initial Window Size: 3

Slow Start Restart: 1s

TCP congestion window increase during slowstart: according to RFC2581, unless otherwise mentioned


5.1.2 System parameters

	Parameter
	Value

	Number of PDCCH symbols
	2

	CQI report delay
	6ms

	Link adaptation
	According to TBS selection from Section 2.1.1;
Outer-loop correction (Target BLER 10%)

	Core, transport, and internet delay
	0ms, 10ms

	RLC AM max ReTX threshold
	32

	Scheduler algorithm
	Proportional fair

	UL access
	SR-based

	UL retransmissions
	Non-adaptive


	Parameter
	14 symbols TTI
	7 symbols TTI
	4 symbols TTI
	2 symbols TTI

	SRS period
	10ms / 10 TTI
	10ms / 20 TTI
	10ms / 35 TTI
	10ms / 70 TTI

	CQI period
	5ms / 5 TTI
	5ms / 10 TTI
	5ms / 18 TTI
	5ms / 35 TTI

	SR period
	1ms / 1 TTI
	0.5ms / 1 TTI
	2/7ms / 1 TTI
	1/7ms / 1 TTI

	sPDCCH size
	0
	dynamic
	dynamic
	dynamic

	PUCCH TTI
	14 symbols
	7 symbols
	4 symbols
	2 symbols

	PUCCH allocation
	1 PRB
	5 PRB
	5 PRB
	5 PRB

	UL DMRS symbols
	2
	1
	1
	1

	TBS selection
	PRB based
	RE based
	RE based
	RE based

	UL grant to data delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	SR to UL grant delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	UL HARQ delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	DL HARQ delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	DL HARQ to reTx delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	Number of STTI bands in UL/DL
	No limit
	4
	4
	4

	DL sTTI band minimum size
	1 PRB
	12 PRB
	12 PRB
	12 PRB

	UL sTTI band minimum size
	1 PRB
	10 PRB
	10 PRB
	10 PRB



5/7


