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1 Introduction
In RAN1 #84 meeting, it is agreed that evaluation methodology and results formats [1][2] for latency reduction including link-level simulation assumption. Based on the evaluation assumption, we provide our link level simulation results of PUSCH for short TTI.
2 DMRS for sPUSCH
The DMRS design is the key point for PUSCH transmission. The DMRS locations for different short TTI lengths are illustrated in Figure 1 for the simulations. More considerations about the design of DMRS for sPUSCH can be found in contribution [3]. 
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Figure 1 DMRS location for short TTI
3 Evaluation results
As a baseline, DMRS without multiplexing is simulated. The details simulation parameters are listed in Table A-1 and A-2 in the Annex. The required SINR at 10% BLER are summarized in Table 1-1 to Table 1-3 for different channel models and the throughput at 10% BLER is listed in Table 2. More simulation results can be found in the Annex. 
From the simulation results we can find that:
Observation-1: For channel model with EPA-3km/h, all sTTI lengths with all MCS simulated can work properly. And the maximum performance gap for target BLER between different sTTI lengths is around 1dB.
Observation-2: For channel model with ETU-60km/h, the performance difference between different sTTI lengths increases with the increasing MCS. For higher MCS such 64QAM-5/6, there are error floors for sTTI length with 4/7 symbols due to poor channel estimation in relatively high Doppler scenarios.
Observation-3: For channel model with ETU-120km/h, the performance difference between different sTTI lengths increases with the increasing MCS. Error floor occur in sTTI length with 3/4/7 symbols for 64QAM-5/6.
Observation-4: sTTI length with 3/4/7 symbols may not be suitable for higher MCS in channel with relatively high Doppler.

Table 1-1: Required SINR at 10% BLER @EPA-3km/h
	sTTI length
	2
	3
	4
	7
	14
	Max Performance difference

	QPSK-1/3
	1.72
	1.22
	1.72
	0.76
	0.97
	0.96

	16QAM-3/4
	13.90
	13.02
	13.46
	12.68
	13.01
	1.22

	64QAM-5/6
	19.76
	19.14
	20.3
	19.61
	19.68
	1.16


Table 1-2: Required SINR at 10% BLER @ETU-60km/h
	sTTI length
	2
	3
	4
	7
	14
	Max Performance difference

	QPSK-1/3
	0.91
	1.17
	1.24
	1.18
	1.01
	0.33

	16QAM-3/4
	12.5
	13
	13.2
	13.05
	13.3
	0.8

	64QAM-5/6
	19.30
	20.25
	23.74
	-
	20.50
	More than 4.4


Table 1-3: Required SINR at 10% BLER @ETU-120km/h
	sTTI length
	2
	3
	4
	7
	14
	Max Performance difference

	QPSK-1/3
	1.13
	1.26
	1.46
	1.40
	1.12
	0.34

	16QAM-3/4
	13.02
	14.04
	15.62
	15.24
	13.78
	2.60

	64QAM-5/6
	21.58
	-
	-
	-
	22.11
	-


Table 2: Throughput (Mbps) at 10% BLER

	sTTI length
	2
	3
	4
	7
	14

	QPSK 1/3
	0.9072
	1.3776  
	1.5876
	1.8576  
	1.9944

	16QAM 3/4
	 5.2920                 
	7.2912
	8.1900  
	9.2880   
	9.6120   

	64QAM 5/6
	8.719         
	11.726  
	13.835  
	15.768   
	15.811


4 Conclusion

In this contribution, we give the link level simulation for different sTTI lengths. Based on the simulation results, we have the following observations:
Observation-1: For channel model with EPA-3km/h, all sTTI lengths with all MCS simulated can work properly. And the maximum performance gap for target BLER between different sTTI lengths is around 1dB.

Observation-2: For channel model with ETU-60km/h, the performance difference between different sTTI lengths increases with the increasing MCS. For higher MCS such 64QAM-5/6, there are error floors for sTTI length with 4/7 symbols due to poor channel estimation in relatively high Doppler scenarios.

Observation-3: For channel model with ETU-120km/h, the performance difference between different sTTI lengths increases with the increasing MCS. Error floor occur in sTTI length with 3/4/7 symbols for 64QAM-5/6.

Observation-4: sTTI length with 3/4/7 symbols may not be suitable for higher MCS in channel with relatively high Doppler.
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Annex
Table-A1: Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

	TTI length
	2/3/4/7/14 symbols

	Channel model 
	EPA, ETU

	UE speed 
	3km/h, 60km/h, 120 km/h 

	Antenna configuration
	1Tx(UE), 2Rx(eNB) 

	MCS/TB size
	See Table-A2

	CP length
	Normal

	Transmission Mode 
	TM1

	PRB
	25

	Receiver type
	MMSE

	Channel estimation
	Practical

	HARQ retransmission
	Disabled

	Performance metrics
	10% BLER 


Table-A2: TBSize for different MCS
	sTTI length
	
	2
	3
	4
	7
	14

	QPSK-1/3
	TB Size
	144
	328
	504
	1032
	2216

	
	Code rate
	0.28
	0.2933
	0.2933
	0.2933
	0.3111

	16QAM-3/4
	TB Size
	840
	1736
	2600
	5160
	10680

	
	Code rate
	0.72
	0.7333
	0.7289
	0.72
	0.7433

	64QAM 5/6
	TB Size
	1384
	2792
	4392
	8760
	17568

	
	Code rate
	0.7822        
	0.7822  
	0.8178   
	0.8133   
	0.8144


Table-A3: simulation results 
	EPA-3km/h

	BLER performance
	Throughput performance
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	ETU-60km/h

	BLER performance
	Throughput performance
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	ETU-120km/h

	BLER performance
	Throughput performance
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