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1 Introduction

A new SI of “Study on Latency reduction techniques for LTE” [1] and one related RAN2 TR [2] were agreed. Based on the evaluation in RAN2, the potential gains for TTI shortening in terms of increased download throughput and reduction of download time for reduced latency in LTE has been performed and evaluated. From RAN1 perspective, additional L1 overhead e.g. RS, DCI, UCI, which will to some extent impact on the user throughput gain due to the shortened TTI length should be considered. This contribution mainly discusses the UL RS design for short TTI transmission.
2 UL RS for short TTI 
The latency reduction gain will be larger if the TTI length is shorter. On the other hand, the DMRS overhead will reduce the performance gain. Currently, uplink DMRS and data are not coexistent in the same time domain to ensure uplink single carrier property. If the UL TTI length is shortened to 0.5 ms or if one UL subframe is split into four short TTI with length of {4 OS, 3 OS, 4 OS, 3 OS}, the resource used for DMRS transmission for short TTI could be the same as 1ms TTI transmission and the principle of single carrier property is kept. For example, for 0.5ms TTI case, one DMRS symbol in each short PUSCH TTI. For 4(3) symbol TTI case, as shown in Figure 1, one DMRS symbol in the middle of one slot can be shared by its two neighbor short TTIs. If the TTI length is shortened to 2 OS, then 50% overhead for DMRS to maintain single carrier property and the single carrier property will be broken if the short TTI length is 1 OS. How to enhance DMRS to support short TTI shall be carefully studied if 1 OS or 2 OS are introduced. 
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Figure 1. DMRS of 4(3) symbol TTI structure for PUSCH

Performance evaluation of short PUSCH
Here we evaluate the performance of short PUSCH transmission. In this evaluation, 4(3) symbol TTI length and legacy 1ms TTI length are considered. The DMRS pattern of 4(3) symbol TTI is provided in Figure 1, two neighbor short TTIs which are scheduled to one UE share the same DMRS symbol. For 1 ms TTI, the channel is estimated by using two DMRS symbols using linear interpolation for both low velocity and high velocity scenarios. Simulation assumptions according to the agreed WF [3] are listed in Table 1 in the appendix. 
Figure 2 show the simulation results of 4(3) symbol TTI and 1ms TTI transmission for PUSCH. From Figure 2, it is observed that 4(3) symbol TTI and 1ms TTI share the similar performance in all the evaluated scenarios.
Observation: 4(3) symbol TTI and 1ms TTI share the similar performance in all the evaluated scenarios.
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Figure 2. Performance comparison between 1ms TTI and 4(3) symbols TTI for PUSCH
Frequency estimation issue for short PUSCH 

In the above evaluation, ideal time and frequency synchronization is assumed. However, if one OFDM symbol for DMRS transmission for each scheduled short TTI is assumed, it is hard for eNB to estimate frequency offset since it needs at least two paired DMRSs with a certain time distance. If there is no frequency offset estimation or historical frequency offset is used, the residual frequency error will impact on the demodulation performance. This issue may not be very serious for PUCCH since QSPK modulation is used on PUCCH which is not sensitive to frequency error. But when UE is under high speed or high modulation order scenario, e.g., UE speed is 60 kmph and 16QAM or even 64QAM is used for PUSCH, the performance loss will be expected due to the miss of fine frequency offset compensation. Therefore, at least for high speed or high modulation order case, frequency offset estimation shall be considered. One straightforward solution is that the UE could be quickly switched to transmit a normal subframe to help the eNB estimate frequency offset.
DMRS for short PUCCH 

In legacy UL transmission, DMRS symbols on PUCCH could be used to support multi-user multiplexing on the same PUCCH resource to improve resources utilization efficiency. For TTI shortening, new PUCCH with reduced symbols should be designed and how to multiplex more users on the same PUCCH resource to reduce the overhead may be considered since more than one UE are possible to be scheduled in one short TTI. 
SRS for UL CSI measurement 
SRS is used by eNB for UL CSI measurement to support link adaptation transmission. When TTI length is shortened, whether need to enhance SRS needs further study since increased SRS transmission opportunity may bring fast feedback gain in high speed case but the increased SRS overhead will impact on cell throughput at the same time. 
3 Conclusion
In this contribution, the UL RS for short TTI transmission are discussed and the performance comparison between 4(3) symbol TTI and 1ms TTI are provided. From the results, it is observed:

Observation: 4(3) symbol TTI and 1ms TTI share the similar performance in all the evaluated scenarios.
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Appendix
Table 1. Link-level simulation assumptions for short PUSCH
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	1 ms; 4(3) symbols

	Allocated bandwidth
	25 PRBs

	Channel model 
	EPA, ETU

	UE speed 
	3km/h, 60km/h

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

	CP length
	Normal

	Transmission mode
	TM1

	RS configuration
	1ms: 2 DMRS symbols in one subframe 
4(3) symbols: 1 DMRS symbol is shared by two neighbour TTIs

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Modulation and code rate 
	16QAM 3/4

	TBS determination 
	Scale TBS size with TTI length

	HARQ retransmission 
	Disabled

	Performance metrics
	BLER
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