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1. Introduction
In RAN#66, Study on latency reduction techniques for LTE was approved [1]. In this contribution, we evaluate the performance of normal TTI and short TTI. Short TTIs with 2/3/4/7 OFDM symbols are considered in the simulation. The results show that short TTI can achieve similar performance as normal TTI.
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In this paper, short TTIs with 3 OFDM symbols and 4 OFDM symbols are considered. The simulation assumptions are shown in Table 1 (see Appendix). The DMRS patterns of short TTI with 2, 3, 4, and 7 OFDM symbols are shown in Figure 2-3 respectively. Practical channel estimation is performed based on the DMRS patterns shown in Figure 1-Figure 4.



[bookmark: _Ref446319569]Figure 1Short TTI with 2 OFDM symbols



[bookmark: _Ref442361866]Figure 2 Short TTI with 3 OFDM symbols



[bookmark: _Ref442365378]Figure 3 Short TTI with 4 OFDM symbols



[bookmark: _Ref446319572]Figure 4 Short TTI with 7 OFDM symbols

For low mobility UE (EPA 3km/hr), the results for different order are shown in Table 1-Table 3. For medium mobility UE (EVA 60km/hr), the results for different order are shown in Table 4-Table 6. For high mobility UE (ETU 120km/hr), the results for different order are shown in Table 7-Table 9.


	EPA 3km/hr, MCS = 5 (QPSK)

	STTI length (symbols)
	2
	3
	4
	7
	14

	SINR@10% BLER (dB)
	1.37
	1.36
	1.36
	1.37
	1.35

	Throughput@10% BLER (Mbps)
	1.0155
	1.4495
	1.6715
	1.975
	2.0077



[bookmark: _Ref446320011]Table 1BLER and Throuthput performance for EPA 3km/hr when MCS = 5

	EPA 3km/hr, MCS = 20 (16QAM)

	STTI length (symbols)
	2
	3
	4
	7
	14

	SINR@10% BLER (dB)
	13.6
	13.7
	14.1
	14.3
	13.9

	Throughput@10% BLER (Mbps)
	5.4319
	7.3509
	8.3167
	9.5052
	9.5693



Table 2 BLER and Throuthput performance for EPA 3km/hr when MCS = 20

	EPA 3km/hr, MCS = 28 (64QAM)

	STTI length (symbols)
	2
	3
	4
	7
	14

	SINR@10% BLER (dB)
	21.25
	21.5
	21.5
	21.75
	21.75

	Throughput@10% BLER (Mbps)
	9.4667
	12.7725
	14.4308
	16.49
	16.5024
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Observation 1. For low mobility UE, shot TTI with 2 OFDM symbols has the lowest required SNR for 10% BLER. Legacy TTI has the highest throughput becase it has the smallest overhead. Shot TTI with 2 OFDM symbols has the lowest throughput due to its large overhead.



	EVA 60km/hr, MCS = 5 (QPSK)

	STTI length (symbols)
	2
	3
	4
	7
	14

	SINR@10% BLER (dB)
	-0.25
	-0.25
	-0.1
	-0.1
	-0.2

	Throughput@10% BLER (Mbps)
	1.0337
	1.4756
	1.679
	1.964
	2.0055
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	EVA 60km/hr, MCS = 20 (16QAM)

	STTI length (symbols)
	2
	3
	4
	7
	14

	SINR@10% BLER (dB)
	13.3
	13
	13.3
	13.4
	13.78

	Throughput@10% BLER (Mbps)
	5.4775
	7.3386
	8.3538
	9.5584
	9.596



Table 5 BLER and Throuthput performance for EVA 60 km/hr when MCS = 20

	EVA 60km/hr, MCS = 28 (64QAM)

	STTI length (symbols)
	2
	3
	4
	7
	14

	SINR@10% BLER (dB)
	21.1
	21.2
	21.5
	25
	21.75

	Throughput@10% BLER (Mbps)
	9.4667
	12.7866
	14.3429
	16.4716
	16.5207
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Observation 2. For medium mobility UE, shot TTI with 2 symbols has the lowest required SNR for 10% BLER. Shot TTI with 7 symbols has the worst BLER performance when MCS = 28 (64QAM). Legacy TTI has the highest throughput becase it has the smallest overhead. Shot TTI with 2  OFDM symbols has the lowest throughput due to its large overhead. 


	ETU 120km/hr, MCS = 5 (QPSK)

	STTI length (symbols)
	2
	3
	4
	7
	14

	SINR@10% BLER (dB)
	0.4
	0.35
	0.4
	0.5
	0.4

	Throughput@10% BLER (Mbps)
	1.0292
	1.4756
	1.6978
	1.9662
	2.0143
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	ETU 120km/hr, MCS = 20 (16QAM)

	STTI length (symbols)
	2
	3
	4
	7
	14

	SINR@10% BLER (dB)
	13.5
	13.5
	13.5
	15.1
	14

	Throughput@10% BLER (Mbps)
	5.4502
	7.3961
	8.2795
	9.5851
	9.6173



Table 8 BLER and Throuthput performance for ETU 120 km/hr when MCS = 20

	ETU 120km/hr, MCS = 28 (64QAM)

	STTI length (symbols)
	2
	3
	4
	7
	14

	SINR@10% BLER (dB)
	23.5
	23.5
	30
	 -
	23.4

	Throughput@10% BLER (Mbps)
	9.4667
	12.5316
	14.263
	 -
	16.4932
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Observation 3. For high mobility UE, shot TTI with 2 symbols has the lowest required SNR for 10% BLER. Short TTI with 7 symbols has the worst BLER performance for all the MCSs. Legacy TTI has the highest throughput becase it has the smallest overhead. Shot TTI with 2  OFDM symbols has the lowest throughput due to its large overhead. 





Therefore, we have

Proposal. New RS pattern which has a sparse density in frequency domain can be considered in short TTI desing to reduce the overhead. 
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3. [bookmark: _Ref129681832]Conclusion
From above discussion, we have
Observation 1. For low mobility UE, shot TTI with 2 OFDM symbols has the lowest required SNR for 10% BLER. Legacy TTI has the highest throughput becase it has the smallest overhead. Shot TTI with 2 OFDM symbols has the lowest throughput due to its large overhead.

Observation 2. For medium mobility UE, shot TTI with 2 symbols has the lowest required SNR for 10% BLER. Shot TTI with 7 symbols has the worst BLER performance when MCS = 28 (64QAM). Legacy TTI has the highest throughput becase it has the smallest overhead. Shot TTI with 2  OFDM symbols has the lowest throughput due to its large overhead. 

Observation 3. For high mobility UE, shot TTI with 2 symbols has the lowest required SNR for 10% BLER. Short TTI with 7 symbols has the worst BLER performance for all the MCSs. Legacy TTI has the highest throughput becase it has the smallest overhead. Shot TTI with 2  OFDM symbols has the lowest throughput due to its large overhead. 

Proposal. New RS pattern which has a sparse density in frequency domain can be considered in short TTI desing to reduce the overhead. 
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Appendix
	Parameter
	Value

	Number of trials
	10000

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

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

	Allocated bandwidth
	25 PRBs 

	Channel model 
	EPA 3km/h, EVA 60km/h, ETU 120km/h 

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

	CP length
	Normal

	Transmission mode
	TM1

	DMRS configuration
	See Figure 1- Figure 4

	Receiver type
	MMSE 

	Channel estimation
	Practical

	Link adaptation
	Disabled 

	Modulation and code rate 
	MCS=5 (QPSK), 20(16QAM), 28(64QAM)

	TBS determination 
	Scaling for short TTI to fix the code rate

	HARQ retransmission 
	Disabled 

	Performance metrics
	BLER/Throughput



[bookmark: _Ref442362641]Table 10 LLS simulation assumption
5

image2.emf
DMRS for PUSCH

PUSCH

TTI


oleObject2.bin
DMRS for PUSCH


PUSCH


TTI



image3.emf
DMRS for PUSCH

TTI

PUSCH


oleObject3.bin
PUSCH


TTI


DMRS for PUSCH



image4.emf
DMRS for PUSCH

PUSCH

TTI


oleObject4.bin
DMRS for PUSCH


PUSCH


TTI



image1.emf
DMRS for PUSCH

PUSCH

TTI


oleObject1.bin
DMRS for PUSCH


PUSCH


TTI



