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1. Introduction
In RAN#67 meeting, a new SI “Study on Latency reduction techniques for LTE” was approved. According to the SID [1], RAN1 has the following objective: 
· From RAN1#83: TTI shortening and reduced processing times [RAN1]:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 
· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);
In RAN2 research, potential performance improvement by reduced processing time and improving TCP throughput due to latency reduction has been studied and evaluated [2]. In this contribution, we present our system-level evaluation results and discuss different signaling and control overhead assumptions.

2. Evaluation Assumptions
In this section we describe the underlying assumptions for our system level evaluations for TTI reduction. For detailed simulation parameters see Table 2 in Appendix A.We considered following TTI sizes:
· 7 OFDM symbols
· 2 OFDM symbols
· 1 OFDM symbol
2.1. [bookmark: _Ref447115230]Signaling and Control Overhead Assumptions
In order to achieve a low overhead ratio, we assumed that the PDCCH is transmitted per subframe. However, an additional control overhead of 4 REs has been assumed to meet the need for more PDCCH resources due to the higher number of resources scheduled per subframe. See Table 1 for further details on OH assumptions. The OH in symbol #1 and #2 is caused by the PDCCH and the other overheads by CRS.
For comparison a constant OH over all symbols as scaled reference case is assumed, as shown in Table 1. For sake of a fair comparison, we keep the total amount of overhead equivalent in the Legacy and Constant OH case.

[bookmark: _Ref447113424]Table 1: OH per OFDM symbol over 2 PRBs
	Symbol #
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Legacy
	OH RE
	12
	4
	0
	0
	4
	0
	0
	4
	0
	0
	0
	4
	0
	0

	
	OH %
	100
	33
	0
	0
	33
	0
	0
	33
	0
	0
	0
	33
	0
	0

	Constant OH
%
	16,7
	16,7
	16,7
	16,7
	16,7
	16,7
	16,7
	16,7
	16,7
	16,7
	16,7
	16,7
	16,7
	16,7




3. System-level Evaluations of TTI Shortening

In this section we present our system-level evaluation results for TTI shortening. The simulation parameters are shown in Appendix A.
We considered 2 file sizes, 100 kBits and 100 kBytes, respectively. To evaluate the performance of TTI shortening, we have benchmarked two measures:
· Empirical CDF of UPT
· Empirical CDF of Transmission Time

3.1. UPT Evaluation

We have evaluated the UPT for TTI sizes of 1, 2 and 7 OFDM symbols, respectively. Two different overhead assumptions have been compared to analyze the impact of throughput jitters, shown in [3]. The legacy RS and PDCCH with an additional OH of 4 REs for sTTI control have been assumed for TTI shortening. Additionally, a constant overhead assumption has been evaluated as scaled reference case since the subframe TTI fulfils this assumption. Figure 1-8 show the cumulative distribution functions of the UPT.

	1 OFDM Symbol
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[bookmark: _Ref447117877]Figure 1: CDF of UPT  with TTI Length 1(FS: 100 kBits)
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[bookmark: _Ref447113467][bookmark: _Ref447113457]Figure 2: CDF of UPT with TTI Length 1 (FS: 100 kBytes)











	2 OFDM Symbols
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[bookmark: _Ref447200694]Figure 3: CDF of UPT with TTI Length 2 (FS: 100 kBits)
	[image: C:\Users\goektepe\ownCloud\Shared\3gpp_contributions\Apr 2016 - Busan, Korea\Study on Latency Reduction\R1-xxxxxx_System_level_evaluations_for_latency_reduction_in_DL\frame_CBR_2symb_800_filesize_cdf_throughput.jpg]
[bookmark: _Ref447113399]Figure 4: CDF of UPT with TTI Length 2 (FS: 100 kBytes)

	7 OFDM Symbols
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Figure 5: CDF of UPT with TTI Length 7 (FS: 100 kBits)
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[bookmark: _Ref447113542]Figure 6: CDF of UPT with TTI Length 7 (FS: 100 kBytes)












	Comparison over TTI Length
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[bookmark: _Ref447288839]Figure 7: CDF of UPT of Legacy over various TTI lengths (FS: 100 kBits)
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Figure 8: CDF of UPT of Legacy over various TTI lengths (FS: 100 kBits)




Figure 1 and Figure 2 show that for very short TTIs approx. 8% of the TTIs have a throughput of zero due to the first sTTI of 14. The first sTTI is completely occupied by the legacy PDCCH. Furthermore, on OFDM symbols 2, 5, 8 and 12 less REs are available resulting in an overhead of 33% due to the CRS, see Table 1. As a result, the UE perceives less througput and with high throughput jitter caused by the changing overhead over different OFDM symbols [3].

Similar results are still visible for sTTI size 2 in Figure 3 and Figure 4. Although the effect is not as dominant as for 1 symbol sTTIs. For the first sTTI data rates are reduced, thus users experience a loss in throughput in certain TTIs leading to an overall performance loss. At sTTI size 7 (Figure 6) the effect of the legacy PDCCH is not visible anymore.

It can be seen that TTI shortening with legacy PDCCH has a significant impact on the UPT at very short sTTI sizes. This effect is caused by changing overhead (throughput jitter) over different OFDM symbols [3]. It is obvious, that this effect is independent from the file size.
As a consequence from very shot sTTI sizes of 1 or 2 OFDM symbols, novel use cases, e.g. MTC and V2X, with low-latency requirements are hardly supported since they rely on reliable throughput and guaranteed packet delivery under tight timing constraints.

However, Figure 7 and Figure 8 show that the UPT is affected by TTI shortening although the OH is not changing over TTI length in our assumptions. Especially, the first OFDM symbol has a significant impact at TTI length 1 on the throughput distribution.

3.2. Transmission Time Evaluation

The transmission time corresponds to the required time for a file downlaod. We evaluated the transmission time for sTTI sizes of 1, 2 and 7 OFDM symbols under the constraint that the file download has to be finished within 300ms. For many low latency applications, e.g. MTC and V2X, the maximum transmission time must not extend a certain limit. Hence, the effects of latency reduction should be evaluated under this constraint.
Two different overhead assumptions have been compared to analyze the impact of throughput jitters, shown in [3]. The legacy RS and PDCCH with an additional OH of 4 REs for control information have been assumed for TTI shortening. Additionally, a constant overhead assumption has been evaluated as scaled reference case since the subframe TTI fulfils this assumption. Figure 7-10 show the cumulative distribution functions of the transmission time.
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[bookmark: _Ref447106596]Figure 9: CDF of Transmission Time with TTI Length 1 (FS: 100 kBits)
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[bookmark: _Ref447113759]Figure 10: CDF of Transmission Time with TTI Length 1 (FS: 100 kBytes)

	2 OFDM Symbols
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[bookmark: _Ref447201962]Figure 11: CDF of Transmission Time with TTI Length 2 (FS: 100 kBits)
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[bookmark: _Ref447113768]Figure 12: CDF of Transmission Time with TTI Length 2 (FS: 100 kBytes)

	7 OFDM Symbols
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[bookmark: _Ref447291371]Figure 13: CDF of Transmission Time with TTI length 7 (FS: 100 kBits)
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[bookmark: _Ref447291373]Figure 14: CDF of Transmission Time with TTI length 7 (FS: 100 kBytes)


	Comparison over TTI Length
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[bookmark: _Ref447290228]Figure 15: CDF of Transmission Time of Legacy over various TTI lengths (FS: 100 kBits)
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[bookmark: _Ref447290335]Figure 16: CDF of Transmission Time of Legacy over various TTI lengths (FS: 100 kBytes)



Figure 9 and Figure 11 show the CDFs of the transmission time for a very small file size, 100 kBits. For small files throughput jitters have a non-significant impact since the files are transmitted within a few packets, thus the UEs do not suffer from side effects of the legacy PDCCH and CRS often.

However, for larger files throughput jitters have a severe impact on the transmission time. Figure 10 and Figure 12 show the CDFs of the transmission time for file size 100 kBytes. In Figure 10 the throughput jitter slightly decreases the overall performance of the system regarding transmission time. In Figure 12 it is obvious that at sTTI size 2 the impact is even more severe since the frame with legacy PDCCH performs significantly worse compared to a system with constant overhead assumption.

Figure 13 and Figure 14 show the CDFs of transmission time for sTTI with 7 OFDM symbols with file sizes 100 kBits and 100 kBytes, respectively. For very small file throughput jitters have nearly no influence on transmission time. However, for larger files a slightly better performance for legacy can be observed. This can be explained by the limited maximum transmission time constraint which achieves a good point of operation at TTI length 7.

As obvious in Figure 15, TTI shortening has a significant impact on the transmission time for very small file sizes. Short sTTIs can improve the overall performance regarding transmission time. However, there is nearly no difference in performance for sTTI size 1 and 2. 
Figure 16 also shows a better performance regarding transmission time for shorter TTIs in general. Nevertheless, the performance regarding transmission time shows a peak at sTTI length 7. This is due to the transmission time constraint. However, as shown in Figure 10 and Figure 12 the throughput jitter can increase the transmission time for very small TTI lengths.


4. Conclusion
In this contribution, we discussed TTI Shortening and its effect of time variant TCP thoughput. Different TTI lengths and file sizes have been evaluated regarding two different overhead assumptions. We summarize our findings with following observations:
Observation 1: For very short sTTI length a high throughput jitter arises due to non-equally distributed symbols for control and pilots.
Observation 2:  High thoughput jitter can impact use cases relying on reliable throughput and packet delivery under tight timing constraints, e.g. MTC and V2X.
Observation 3:The performance regarding transmission time is lowered by the throughput jitter for small TTI sizes, e.g. 1 and 2 OFDM symbols.
[bookmark: _GoBack]Observation 4: TTI shortening without increasing the absolute overhead improves the sytem performance regarding transmission time.
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[bookmark: _Ref447115367]Appendix A
[bookmark: _Ref442176906]Table 2: Simulation assumptions for system level
	Parameter
	Assumptions

	Layout
	7 Macro eNBs, 3 sectors per site

	System bandwidth per carrier
	20MHz

	Carrier frequency
	2GHz

	Inter-site distance
	500m


	Total BS TX power (Ptotal per carrier)
	46dBm


	TTI length

	1/2/7 symbols
Baseline: Fixed TTI length(s) across the legacy TTIs is assumed for 1 UE


	Fast UL Access schemes
	Always granted 

	RS and control signaling overhead
	See details in 2.1 and Table 1.

	TBS determination
	Scalable with TTI length

	HARQ RTT
	Scalable with TTI length

	Scheduler
	Proportional fairness

	Distance-dependent path loss
	ITU UMa[referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE

	Penetration

	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din: independent uniform random value between [ 0, min(25,d) ] for each link)


	Shadowing
	ITU UMa according to Table A.1-1 of 36.819 with 3D distance for shadowing correlation distance


	Antenna pattern 
	3D, referring to TR36.819

	Antenna Height: 
	25m

	UE antenna Height 
	1.5m

	Antenna gain + connector loss 
	17 dBi

	Antenna gain of UE 
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819

	Antenna configuration
	2Tx(eNB), Cross-polarized
2Rx(UE), Cross-polarized

	Number of UEs
	10 UEs per macro cell for FTP model 2

	UE dropping 
	Randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Traffic model
	FTP model 2
File size [100kB]

	CSI report period 

	5, TTIs (scalable)

	CSI report delay 
	6 TTIs (scalable)

	TCP models
	TCP Reno model (RFC 2581)
- SSThresh 65535 Bytes
- Initial window size 1460 Bytes
- Max segment size 1460 Bytes
40 Bytes TCP header are added to the initial window size and max segment size
The three way handshake is not modeled
TCP ACK feedback is modeled

	UE receiver
	MMSE-IRC

	eNB noise figure
	5dB

	UL antenna configuration
	UL not modeled

	UE noise figure
	9dB

	UE speed
	3km/h

	Duplex mode
	FDD

	Network synchronization
	Synchronized
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