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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 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 2 (see Appendix). The DMRS patterns of short TTI with 3, 4, and 7 OFDM symbols are shown in Figure 1-3 respectively. Practical channel estimation is performed based on the DMRS patterns shown in Figure 1-3.




[bookmark: _Ref442361866]Figure 1 Short TTI with 3 OFDM symbols




[bookmark: _Ref442365378]Figure 2 Short TTI with 4 OFDM symbols


Figure 3 Short TTI with 7 OFDM symbols


In the simulation, a TB size large enough to carry TCP ACK (44 bytes) is considered. The same TB size is used for the normal TTI case and the two short TTI cases. QPSK is used for modulation. The number of PRBs is chosen such that the code rates of these three cases are the same (see Table 1). Three UE speeds are considered: 3 km/hr, 60km/hr, and 120 km/hr.

	
	NPRB
	Code rate

	Normal TTI
	3
	0.4815

	Short TTI (3 symbols)
	18
	0.4815

	Short TTI (4 symbols)
	12
	0.4815

	Short TTI (6 symbols)
	6
	0.4815



[bookmark: _Ref442367125]Table 1 Number of PRBs for normal TTI, short TTI with 3/4/7 symbols


Figure 4 BLER performance of short TTI when UE speed is 3 km/hr


Figure 5 BLER performance of short TTI when UE speed is 60 km/hr





Figure 6 BLER performance of short TTI when UE speed is 120 km/hr

Observation: Short TTIs with 3/4/7 OFDM symbols can achieve similar BLER performance as normal TTI when UE speed is 3km/hr, 60 km/hr, or 120 km/hr.
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3. [bookmark: _Ref129681832]Conclusion
From above discussion, we have
Observation: Short TTIs with 3/4/7 OFDM symbols can achieve similar BLER performance as normal TTI when UE speed is 3km/hr, 60 km/hr, or 120 km/hr.


References
[1] RP-150465, New SI proposal: Study on Latency reduction techniques for LTE
Appendix
	Parameter
	Value

	Number of trials
	10000

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

	TTI length
	3/4/7/14 symbols

	Allocated bandwidth
	25 PRBs 

	Channel model 
	EVA 

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

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

	CP length
	Normal

	Transmission mode
	TM1

	DMRS configuration
	Detailed DMRS pattern provided by companies

	Receiver type
	MMSE; other UE receiver provided by companies 

	Channel estimation
	Practical

	Link adaptation
	Disabled 

	TBS determination 
	392 

	HARQ retransmission 
	Disabled 

	Performance metrics
	BLER



[bookmark: _Ref442362641]Table 2 LLS simulation assumption
Normal TTI	-8	-6	-4	-2	0	2	4	6	8	10	1	0.99299999999999999	0.91800000000000004	0.72100000000000042	0.4720000000000002	0.253	0.13800000000000001	6.1300000000000014E-2	2.7400000000000018E-2	1.0900000000000003E-2	Short TTI (3)	1	1	0.999	0.88800000000000001	0.63000000000000045	0.3550000000000002	0.16980000000000001	7.3000000000000009E-2	2.93E-2	1.2300000000000005E-2	Short TTI (4)	1	1	1	0.83500000000000041	0.54600000000000004	0.30700000000000022	0.1336	5.0500000000000003E-2	1.6899999999999998E-2	6.500000000000004E-3	Short TTI (7)	1	1	0.996	0.75800000000000045	0.45500000000000002	0.27200000000000002	0.1283	5.3400000000000003E-2	1.9699999999999999E-2	6.1000000000000004E-3	SNR
BLER

Normal TTI	-8	-6	-4	-2	0	2	4	6	8	10	1	0.99399999999999999	0.91300000000000003	0.73500000000000043	0.49200000000000027	0.255	0.14540000000000011	6.7100000000000021E-2	2.9500000000000002E-2	1.1900000000000015E-2	Short TTI (3)	1	1	0.999	0.88800000000000001	0.63300000000000045	0.35600000000000021	0.17169999999999999	7.5000000000000011E-2	2.8000000000000001E-2	1.3299999999999998E-2	Short TTI (4)	1	1	1	0.83900000000000041	0.54700000000000004	0.31400000000000022	0.13919999999999999	5.3999999999999999E-2	1.9000000000000013E-2	6.500000000000004E-3	Short TTI (7)	1	1	0.995	0.76200000000000045	0.4760000000000002	0.27300000000000002	0.1321	5.430000000000005E-2	2.07E-2	6.2000000000000041E-3	SNR
BLER

Normal TTI	-8	-6	-4	-2	0	2	4	6	8	10	1	0.99399999999999999	0.91900000000000004	0.74500000000000044	0.51400000000000001	0.2890000000000002	0.14930000000000004	6.3800000000000009E-2	2.6599999999999999E-2	9.0000000000000028E-3	Short TTI (3)	1	1	0.999	0.89100000000000001	0.62900000000000045	0.36000000000000021	0.17550000000000004	7.5600000000000001E-2	2.93E-2	1.4500000000000001E-2	Short TTI (4)	1	1	1	0.85100000000000042	0.56000000000000005	0.34400000000000008	0.1591000000000001	6.720000000000001E-2	2.7400000000000018E-2	1.2E-2	Short TTI(7)	1	1	0.995	0.79	0.501	0.2870000000000002	0.14250000000000004	6.1600000000000002E-2	2.5399999999999999E-2	1.0500000000000008E-2	SNR
BLER
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