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1 Introduction

In this contribution, we provide views on the DMRS design for downlink transmissions with 2 OFDM symbols TTI length. 
2 Discussion

A new DMRS design needs to be specified for short TTI operation, to provide each short TTI with its own DMRS set. Basing the DMRS pattern on the approach from subframe-length LTE, with CDM pairs with more than one port on the same resource elements, a choice can be made whether to still place the DMRS as pairs in time, or to place them as pairs in frequency.

Choosing between two or three DMRS pairs, and between placing the pairs in frequency or in time, four patterns, each fulfilling one of these combinations, are shown in Figure 1. This figure also shows the split between the short TTIs, where some of these short TTIs are of 3 symbols length, in order to not let any TTI cross the slot boundary. The scheme with 3 DMRS pairs in time has the same frequency location as in [1] and [4].
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Figure 1. DMRS patterns for 2 symbol TTI, with DMRS pairs in time (left) or frequency (right), and with two DMRS pairs (top) or three pairs (bottom).
Simulations of the different schemes are shown in the following figures. Simulation assumptions are listed in the appendix. All of the simulations use PRB bundling of 3 PRB, which as pointed out in [4] gives an increased performance.

In Figure 2, BLER curves are shown for the four schemes using an EPA 3km/h propagation channel. For this low-dispersive channel, it is enough to have two DMRS pairs and pairs in time or frequency shows identical performance.

In Figure 3, the same EPA channel is shown, now with a higher speed of 60 km/h. We see that the DMRS pairs in frequency using a single symbol cannot handle this situation as well, as they only can produce a channel estimate that is flat over time.

Figure 4 and Figure 5 show demodulation performance for the more time-dispersive EVA and ETU channels. For both of these cases, it is clear that three DMRS pairs are beneficial, and the ETU channel also gives worse results for the DMRS frequency pairs.
Observation 1 Demodulation performance of 2-symbol TTI in ETU channels is not sufficient with a reduced DMRS frequency density.

Observation 2 DMRS pairs in time gives slight demodulation advantage over pairs in frequency.

Proposal 1 Define the DMRS pairs in time for sPDSCH/sPDCCH, i.e. similar as for PDSCH
While three DMRS pairs in frequency gives the best results, with a short TTI length of 2 symbols this will generate quite high overhead, as three subcarriers will continuously have DMRS. It may be beneficial to dynamically insert the DMRS, e.g. by a flag in sPDCCH. If a certain UE is scheduled in two adjacent TTIs on the same frequency resources, then it might be preferable to not send DMRS in the second short TTI. 

Proposal 2 The presence of DMRS in a 2 symbols TTI is signaled in the DL assignment.

Similarly, it may be beneficial to only have two DMRS pairs for channels with less time-dispersion. An indication could be sent whether two or three DMRS pairs are sent in a short TTI PRB. 
Proposal 3 The number of subcarriers with DMRS pairs per PRB is either two or three. The exact number is indicated to the UE either in sPDCCH or with RRC configuration.
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Figure 2. 2-symbol TTI. Evaluation of DMRS placements. EPA 3 km/h rank 2. MCS: 64QAM 5/6, 16QAM 3/4, QPSK 1/3.
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Figure 3. 2-symbol TTI. Evaluation of DMRS placements. EPA 60 km/h rank 2 MCS: 64QAM 5/6, 16QAM 3/4, QPSK 1/3.
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Figure 4. 2-symbol TTI. Evaluation of DMRS placements. EVA 3 km/h rank 2. MCS: 64QAM 5/6, 16QAM 3/4, QPSK 1/3.
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Figure 5. 2-symbol TTI. Evaluation of DMRS placements. ETU 60 km/h rank 2. MCS: 64QAM 5/6, 16QAM 3/4, QPSK 1/3.
More than two layers will increase the overhead for 2 symbols TTI, since then an additional DMRS pair would need to be inserted in frequency. 
Proposal 4 Up to 2 layer transmission is supported for 2-symbol TTI DMRS based modes.

3 Conclusion

In section 2 we made the following observations:
Observation 1
Demodulation performance of 2-symbol TTI in ETU channels is not sufficient with a reduced DMRS frequency density.
Observation 2
DMRS pairs in time gives slight demodulation advantage over pairs in frequency.


Based on the discussion in section 2 we propose the following:
Proposal 1
Define the DMRS pairs in time for sPDSCH/sPDCCH, i.e. similar as for PDSCH
Proposal 2
The presence of DMRS in a 2 symbols TTI is signaled in the DL assignment.
Proposal 3
The number of subcarriers with DMRS pairs per PRB is either two or three. The exact number is indicated to the UE either in sPDCCH or with RRC configuration.
Proposal 4
Up to 2 layer transmission is supported for 2-symbol TTI DMRS based modes.
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5 Appendix: Simulation assumptions

Table 1 specifies the settings used in the link level evaluations, based on the WF on evaluation methodology [2], [3].

Table 1. Simulation parameters
	Parameter
	Value

	Carrier frequency
	2 GHz

	TTI length
	2 symbols

	Allocated bandwidth
	50 PRBs (10 MHz)

	Channel model 
	EPA, EVA, ETU

	UE speed
	3km/h (5.56 Hz), 60km/h (111 Hz)

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

	Antenna correlation
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	Transmission mode
	TM9 

	RS configuration
	2 CRS ports for rank 1 and 2

	Receiver type
	MMSE-IRC

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank 2

	Link adaptation
	Disabled

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

	Precoding codebook
	Fixed

	TBS determination
	Calculated from modulation and code rate

	HARQ retransmission
	Disabled

	Control channel overhead
	2CCE (72RE) reserved for short PDCCH transmission each short TTI

	Imperfections
	RX imperfections and 6% TX EVM, (standard value in RAN4)
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