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1 Introduction

The RS design of short TTI will impact the user throughput in terms of overhead and channel estimation performance, hence impact the latency reduction gain. This contribution mainly discusses the UL RS design for short TTI transmission.
2 UL RS for short TTI 
There are two alternatives to design the sPUSCH DMRS:

•
Alt.1: DMRS symbol shared by multiple short-TTIs within the same subframe

•
Alt.2: DMRS contained in each sPUSCH
As we discussed in [1], self-contained DMRS for each sTTI can be considered for TTI length larger than or equal to 4(3) symbols with acceptable overhead. Figure 1(a) gives the self-contained DMRS pattern for 4(3) symbols. For 2-symbol sTTI, multiple sTTIs share one DMRS symbol within the same subframe can be considered to reduce the RS overhead. For example, Figure 1(b) shows the structure that one DMRS is shared by four 2-symbol sTTIs. Note that four sTTIs or 8 symbols are involved in the given pattern. The definition of 2-symbol sTTI structure in one subframe is discussed in [2].
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(a) DMRS for 4(3)-symbol sTTI                             (b) DMRS for 2-symbol sTTI
Figure 1. DMRS structures for sPUSCH

To evaluate the performance of the above DMRS structures for sPUSCH, 2-symbol sTTI and 4(3)-symbol sTTI are considered. For 4(3)-symbol sTTI, one sTTI, e.g., sTTI 1 in Figure 1(a) is taken as the target sTTI. For 2-symbol sTTI, Figure 1(b) pattern that four sTTIs share one DMRS is assumed and sTTI 0 to sTTI 3 are the target sTTIs to evaluate the impact of time distance between DMRS and data symbols. Simulation assumptions and TBS determination are listed in Table 1 and Table 2 in the appendix. 

Figure 2 show the corresponding results of 2-symbol sTTI and 4(3)-symbol sTTI. From Figure 2, it is observed that 2-symbol sTTI and 4(3)-symbol sTTI share similar performance in all the evaluated EPA 3 kmph scenarios. However, for ETU 60 kmph, the performance loss is larger if the time distance between DMRS and data symbols is longer for the fading channel varies fast in high velocity scenarios.
Therefore, for low velocity case, more sTTIs may share one DMRS to reduce RS overhead to improve throughput, while for high velocity case, DMRS shall be transmitted in high density to improve channel estimation accuracy. eNB shall have the freedom to decide positions of UE transmitting DMRS for 2-symbol sTTI to adapt different scenarios.
[image: image3.png]BLER

QPSK, Code Rate 173, EPA 3km/h

105
i
T
10? o
—a— T,
v
R
—4—408sTTl
10°
8 5 4 2 0 2 i &



  [image: image4.png]BLER

10

10

10

QPSK, Code Rate 1/3, ETU B0kmvh

2|| —e—sTTy
—a—sTT,
—s¢—sTT,

T,

——408¢TTl

5





(a) QPSK 1/3
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(b) 16QAM 3/4
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(c) 64QAM 5/6
Figure 2. Performance comparison between 2 symbols and 4(3) symbols TTI for sPUSCH
The phase continuity issue of DMRS shared scenario that there is a gap between DMRS symbol and the sTTI for one UE can refer to the previous conclusion since it has been discussed in MTC. As addressed in [3] [4], the phase continuity should not be an issue if the UE suspends transmission in one SC-FDMA symbol (due to cell-specific SRS) and resumes transmission after the SC-FDMA symbol if the UE transmit power and the UE RF center frequency are not changed. Furthermore, the phase is continuous if the duration of the gap is few symbols for multiple consecutive sub-frames. If the duration of the gap equals or extends one sub-frame, the phase may or may not be continuous. Therefore, it seems feasible that multiple sTTIs share one DMRS symbol for different UEs. 
In addition to one DMRS symbol shared by multiple short-TTIs with equal frequency resource allocation, unequal frequency resource allocation for multiple UEs could also share the same DMRS symbol to reduce overhead. As illustrated in Figure 3, DMRS 1 for UE 1 and DMRS 2 for UE 2 are placed in one symbol, to keep the orthogonality in shared DMRS region, combed RS structure for UE 1 and UE 2 multiplexing is recommended. 
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Figure 3. Shared DMRS for multiple UEs with unequal frequency resource 
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. Another solution is that eNB decides the positions of UE transmitting DMRS. 
Proposal: Positions DMRS for 2-symbol sTTIs are recommended to be informed by eNB.
3 Conclusion
In this contribution, the UL RS for short TTI transmission are discussed and the performance comparison between 2-symbol sTTI and 4(3)-symbol sTTI are provided. It is proposed:

Proposal: Positions DMRS for 2-symbol sTTIs are recommended to be informed by eNB. 
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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
	2 symbols; 4(3) symbols

	Allocated bandwidth
	25 PRBs

	Channel model and UE velocity
	EPA 3km/h, ETU 60km/h

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

	CP length
	Normal

	Transmission mode
	TM1

	RS configuration
	See figure 1

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Modulation and code rate 
	QPSK 1/3, 16QAM 3/4, 64QAM 5/6

	TBS determination 
	See table 2

	HARQ retransmission 
	Disabled

	Performance metrics
	BLER


Table 2. TBS determination for sTTI

	
	sTTI_0
	sTTI_1~3
	4 OS sTTI

	QPSK 1/3
	176
	376
	576

	16QAM 3/4
	876
	1776
	2676

	64QAM 5/6
	1476
	2976
	4476
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