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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 show system level results, TCP data throughput and jitter, of TTI shortening with 1, 3, 7 OFDM symbols per TTI. Results are compared to legacy LTE (with 14 OFDM symbols).
2. Effects from TTI shortening with legacy LTE frame
2.1. Assumptions

· System level simulations according to latest evaluation methodology for latency reduction according to Table 6 in the appendix taken from [3].
· The LTE frame structure for 2 antenna ports is shown in Figure 1
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[bookmark: _Ref442282909]Figure 1: LTE frame structure for 2 antenna ports.
· The detailed modeling of the increased control and signaling overhead is explained in the following paragraph:
2.2. Details of Signaling and Control Overhead (OH)
· We assume for the LTE frame 2 antenna ports with the overhead (either control or signaling) assumed per symbol as the sum over 12 RE in frequency provided in Table 1
· Note that we assumed additional overhead of 4 RE in the second symbol required as additional control overhead for the higher number of resources to be scheduled 
· When TTI shortening is assumed we slice the original TTI into equal parts assuming wraparound of the symbols and their corresponding overhead from Table 1. This leads to the following assignment of symbols to the shorter TTIs according to Table 2.
· The accumulated overhead of the shortened TTI sizes is given in Table 3.
· The resulting relative overhead of the varying TTI sizes and the individual TTI-ids is given in Table 4, where the number of REs from Table 3 is divided by the total number of REs of the corresponding TTI length given in Table 5.
2.3. System Level Simulation Results
The following figures show the mean sum TCP throughput per macro-eNB over subsequent TTIs. 
[image: ]
Figure 2: Legacy LTE frame structure with 14 OFDM symbols per TTI.
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[bookmark: _Ref442460657]Figure 3: 7 OFDM symbols per TTI.
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[bookmark: _Ref442460665]Figure 4: 3 OFDM symbols per TTI.
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[bookmark: _Ref442460673]Figure 5:  1 OFDM symbols per TTI.
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[bookmark: _Ref442460684]Figure 6:  1 OFDM symbols per TTI, zoomed version.
2.4. Observations
The main findings and observations by TTI shortening of the LTE legacy frame are given in the following:
1. Legacy LTE frame structure: Long term fluctuations over time caused by 
· Time variant channel 
· Feedback interval
· HARQ process
2. TTI shortening: High throughput jitter caused by changing overhead over different OFDM symbols. Effects shown for TTI length of 7, 3 and 1 OFDM symbol in Figure 3, Figure 4, Figure 5 and Figure 6. A Summary is given in Table 1.
3. TTI shorting with 1 OFDM symbol per TTI causes 100% overhead every 14th TTI due to control channel overhead.

[bookmark: _Ref442460946]Table 1: Summary of throughput jitter caused by changing overhead in TTI shortening.
	TTI size
	7
	6
	5
	4
	3
	2
	1

	Absolute short term variation in Mbit/s
	5.9
	9.4
	11
	11
	20
	27.3
	40.5

	Fitting curve 5th polynomial
	32.6
	33.2
	33.6
	33.5
	33.1
	33.3
	32.9

	Relative short term variation in %
	18
	28
	32
	33
	60
	82
	123



3. Conclusion
In this contribution we discussed TTI shortening and its effect of time variant TCP throughput. Results show high jitter especially for short TTI. This is mainly caused by non-equally distributed symbols for control channel and pilots. 
[bookmark: _GoBack]The study of jitter effects on TCP throughput is of importance for shortened TTI. Novel use cases with low-latency requirements, e.g. MTC and V2X, have to rely on reliable throughput and guaranteed packet delivery under tight timing constraints. 
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Appendix
· [bookmark: _Ref442181116]Table 2: Overhead per symbol as sum over 12 Res in legacy LTE frame.
	Symbol ID
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	OH in REs
	12
	4
	0
	0
	4
	0
	0
	4
	0
	0
	0
	4
	0
	0



[bookmark: _Ref442181237]Table 3: Symbol mapping from legacy frame to short TTIs.
	TTI index
	1
	2
	3
	4
	5
	6

	Symbol IDs per TTI(7)
	1, 2, 3, 4, 5, 6, 7
	8, 9, 10, 11, 12, 13, 14
	1, 2, 3, 4, 5, 6, 7
	8, 9, 10, 11, 12, 13, 14
	…
	

	Symbols IDs per TTI(6)
	1, 2, 3, 4, 5, 6
	7,8, 9, 10, 11, 12
	13, 14, 1, 2, 3, 4
	5, 6, 7, 8, 9, 10
	11, 12, 13, 14, 1, 2
	…

	Symbols IDs per TTI(5)
	1, 2, 3, 4, 5
	6, 7,8, 9, 10
	11, 12, 13, 14, 1
	…
	
	

	Symbols IDs per TTI(4)
	1, 2, 3, 4
	5, 6, 7, 8
	9, 10, 11, 12
	13, 14, 1, 2
	…
	

	Symbols IDs per TTI(3)
	1, 2, 3
	4, 5, 6
	7, 8, 9
	10, 11, 12
	13, 14, 1
	….

	Symbols IDs per TTI(2)
	1, 2
	3, 4
	5, 6
	7, 8
	9, 10
	…

	Symbols IDs per TTI(1)
	1 
	2
	3 
	4
	5
	…


	
	
[bookmark: _Ref442176514]Table 4: Overhead in resource elements (REs) per TTI for TTI length [1, 2, 3, 4, 5, 6, 7] symbols.
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[bookmark: _Ref442176497]Table 5: Relative overhead per TTI. Number of REs per TTI from Table X divided by the number of REs per TTI. Obtained by number of symbols per TTI times 12 (number of REs in frequency).
	TTI index
TTI size
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[bookmark: _Ref442181623]Table 6: Number of REs of shortend TTIs.
	TTI Size
	
	
	
	
	
	
	

	Total number of REs per TTI
	
	
	
	
	
	
	



[bookmark: _Ref442176906]Table 7: 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

	1/2/3/4/5/6/7 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 to Table 5

	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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