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1 Introduction

In RAN1#83, the evaluation methodology for latency reduction was discussed and the detailed simulation assumptions for system-level evaluations were approved [1]. In this contribution, we show our simulation results on symbol-based TTI. 
2 Discussion
Simulation assumptions

The system simulations are performed base on the overhead and TCP model given below and the other detailed simulation parameters are listed in the Appendix. 

The overhead of reference signals and physical layer control signaling is likely to increase in shortened TTI, which will have impact on system throughput. Thus, the performance of different TTI length shall be compared with reasonable assumption of L1 overhead for each TTI length. In our simulation, the assumption of L1 overhead for normal TTI and symbol -based TTI are given as below:
· Normal TTI

· control overhead: 2 PDCCH OFDM symbols

· RS Overhead: 2 CRS antenna ports 

· Symbol-based TTI

· Control overhead: 2 OFDM symbols should be reserved for legacy control region, 2 CCEs (72  REs) for control channel in each TTI
· RS overhead:  2 CRS antenna ports should be reserved, 2 REs per 12 REs for RS
The TCP model should be included in the simulation to emulate the effects of TCP slow starts for FTP download application.  The latency reduction and system throughput improvement on the file download time would mainly to reduce the time of transmission during the TCP slow start phase,. In our evaluation, an abstracted TCP Reno model is constructed as below:
· Number of TCP packets is doubled after each TCP_ACK

· Number of TCP packets is halved after each TCP_NACK
· 1500 bytes TCP packet = 1460 bytes data + 40 bytes TCP/IP header

· TCP ACK error: 1% on PUSCH feedback
· TCP packet timeout: The duration for TCP packet timeout is scaled down if TCP packet is received in time, otherwise the duration equals to 100 TTI

Simulation results
[image: image1.png]35000

30000

25000

20000

15000

10000

5000

User perceived throughput (kbps)

= Hormal T

msymbok-based TTI

Sethrp  So%thrp  SSSethrp  AVEthrp




[image: image2.png]0.045
004
0.035
003
0.025
002
0015
001
0.005

User packet delay (seconds)

= Hormal T

= Symbol-based TTI

Sedelay  S0%delay  9S%delay  AVEdelay





Figure 1 Packet throughput and delay for 100kbits file size with low RU
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Figure 2 Packet throughput and delay for 100kbits file size with high RU
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Figure 3 Packet throughput and delay for 500kB file size with low RU
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Figure 4 Packet throughput and delay for 500kB file size with high RU
Figure 1-4 show the user perceived throughput and user packet delay performance for symbol-based TTI and normal TTI in different conditions. From the simulation result, the following can be observed:

· The gain of symbol-based TTI over normal TTI is significant in case of small file size and low resource utilization rate.  The gain  is reduced with higher resource utilization rate;

· The gain of symbol-based TTI over normal TTI is high with larger file size and high resource utilization rate but relative small comparing to that with smaller file size
· Negative gain is observed for symbol-based TTI over normal TTI at high resource utilization rate and large file size due to large overhead as shown in Figure 4. 
Simulation results for slot-based TTI is given in [2], comparing the simulation results of slot-based TTI and symbol-based TTI, it is observed that the performance of symbol-based TTI is better than slot-based TTI for small file size, but a little worse than  slot-based TTI for large file size.
3 Conclusion
In this contribution, we show our simulation results for symbol-based TTI, it is observed that the gain of symbol-based TTI is significant for smaller file size, but becomes negative for large file size and high resource utilization.
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5 Appendix
	Parameter 
	Assumptions 

	Layout 
	7 Macro eNBs, 3 sectors per site;

	System bandwidth per carrier 
	10MHz 

	Carrier frequency 
	2GHz 

	Inter-site distance 
	500m 

	Total BS TX power (Ptotal per carrier) 
	46dBm 

	TTI length 
	1 symbols

	RS and control signaling overhead 
	As given in section 2 

	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), 2Rx(UE), Cross-polarized 

	Number of UEs 
	10 UEs per macro cell 

	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 [100kbits, 500kB] 

	CSI report period 
	5 TTIs between two consecutive reports 

	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 as baseline.

TCP ACK feedback modeling is provided by the companies 

	UE receiver
	MMSE-IRC; other UE receiver provided by companies 

	eNB noise figure 
	5dB 

	UE noise figure
	9dB

	UE speed
	3km/h 

	Duplex mode 
	FDD

	Network synchronization
	Synchronized

	Core, transport and internet network delay
	0ms 

	Performance metrics
	Mean, 5%, 50% and 95% user perceived throughput
Mean, 5%, 50% and 95% user packet delay
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