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1 Introduction
In RAN1#85[1], DMRS design in sPDSCH was discussed in latency reduction, it was agreed that
Agreement:
· For sPDSCH based on a CRS based transmission scheme the maximum number of supported layers is 4 

· For sPDSCH based on a DM-RS based transmission scheme shall be down-selected among the following options 

· the maximum number of supported layers is 2 

· the maximum number of supported layers is 4 

· the maximum number of supported layers is 8 

· FFS for sPDSCH based on a DM-RS based transmission scheme it is recommended to increased PRB bundling size compared to PDSCH for at least sTTI lengths shorter than 1-slot. 

In this contribution, we provide our consideration for design of DMRS-based PDSCH for short TTI, and present our link level simulation results. 
2 Discussion
2.1 DMRS pattern design for sTTI
In this section, we provide some DMRS pattern design options for 2 symbol and 1 slot sTTI, respectively. 
Figure 1 shows three different DMRS patterns for sTTI of 2 symbols length. In Figure 1(a), the DMRS are mapped to OFDM symbols without CRS and DMRS for different antenna ports are CDM multiplexed in adjacent subcarriers (CDM-F). Figure 1(b) and Figure 1(c) show the alternative DMRS patterns in which different antenna ports are CDM multiplexed adjacent OFDM symbols (CDM-T). In the CDM-T case, the DMRS has to be mapped in the OFDM symbols containing CRS. 
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Figure 1. DMRS design for 2 symbols TTI
Figure 2 shows four different DMRS patterns for sTTI of 7 symbols length, where the figure 2(a) is for CDM-F pattern and figure 2(b), 2(c), 2(d) are for CDM-T patterns. It is noticed that CDM-T-P3 as shown in figure 2(b) reuses the legacy DMRS structure, while CDM-T-P5 shifts the legacy DMRS more front within the TTI in time domain. Pattern of CDM-F-P2 is the subset of CDM-F-P1 (for 2 symbol sTTI) and pattern of CDM-T-P4 is the subset of CDM-T-P1 (for 2 symbol sTTI). It is also noted that in all the four DMRS patterns for 7os TTI, the DMRS are mapped in the OFDM symbols without legacy CRS. 
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Figure 2. DMRS design for one slot TTI
Based on the DMRS patterns mentioned above, we have made link level simulations for different MCS, speed, channel properties, etc. Both no PRB bundling transmission and PRB bundling size of 3 are evaluated. Fixed rank is assumed. The other detailed simulation parameters are shown in Appendix A. In the next sections, the simulation results are discussed. 
2.2 Simulation results for DMRS in 2 symbol sTTI
This section compares the performance of DMRS design for 2 symbols TTI. The simulation results of DMRS structure for 2 symbols TTI are given in the Appendix B. 
From the DMRS overhead perspective, the comparison of the three DMRS pattern for 2os TTIs are CDM-F-P1 = CDM-T-P1 < CDM-T-P2. The design of DMRS pattern should consider trade-off between DMRS overhead and the detection performance.
It can be seen from the results that using PRB bundling improve the demodulation performance especially for CDM-F-P1 and CDM-T-P1, which means that PRB bundling can be used to obtain a reasonable detection performance without increasing the DMRS overhead.
Observation 1: PRB bundling is beneficial for the sPDSCH detection performance with low DMRS overhead. 
Due to the performance gain of PRB bundling, we can focus on the simulation results with PRB bundling. As shown in figure 3 and figure 4, in EPA channel or EVA channel, CDM-F-P1 and CDM-T-P1 have similar performance except the case of 64QAM modulation at 60km/h which CDM-T-P1 is slightly better. Figure 5 shows the results about ETU channel, CDM-T-P1 has significantly better performance than CDM-F-P1 in 64QAM modulation. Therefore in general CDM-T has better detection performance than CDM-F pattern with same DMRS overhead. 
However, as shown in figure 1, CDM-T has a design disadvantage that DMRS can’t avoid collision with CRS symbols. Due to the CRS shift in frequency domain in different cell, the neighbor cell CRS will lead to interference to DMRS.
Observation 2: For 2os TTI, CDM-T pattern has the performance benefit over CDM-F pattern with same DMRS overhead, for the high modulation order at high UE speed in EPA or EVA channels, and for the high modulation order at all UE speeds for ETU channels. 
Observation 3: CDM-F pattern has the benefit over CDM-T in avoiding the collision between sTTI DMRS and legacy CRS. 
2.3 Simulation results for DMRS in 1 slot sTTI
This section compares the performance of DMRS design for 7 symbols TTI. The 2nd slot within one subframe as shown in figure 2 is simulated. The simulation results of DMRS structure for one slot TTI are given in the Appendix C. 
As shown in Appendix C, it is also observed that PRB bundling helps to improve the detection performance significantly.
In comparison with legacy pattern shown in figure 2 (b), the shifted DMRS pattern, i.e. CDM-T-P5 has better performance than the legacy DMRS in case of higher modulation order at 60km/h. However, either legacy or shifted DMRS pattern shows poor performance in 64QAM modulation at 60km/h. Therefore, study on new DMRS pattern or DMRS position for one slot sTTI is necessary.
Observation 4: New DMRS pattern for one slot sTTI should be studied.

Figure 2(a) and 2(c) are two new DMRS pattern design examples for 1 slot TTI, which is based on CDM-F and CDM-T respectively, with the same DMRS overhead. In most case, CDM-F-P2 and CDM-T-P4 outperforms CDM-T-P5, when PRB bundling is applied.  As for comparison between CDM-F-P2 and CDM-T-P4 with PRB bundling, it is seen from the results that CDM-T-P4 has obviously better performance in 64QAM at 60km/h in ETU channel, however, CDM-F-P2 has similar or even slightly better performance in other cases. 

Observation 5: For one slot TTI, CDM-F pattern has the comparable performance with CDM-T pattern except in case of 64QAM modulation at 60km/h in ETU channel. 
3 Conclusion

In this contribution, the design of DMRS based sPDSCH transmission was discussed. Based on the evaluations, we have the following proposals:
Proposal 1: For 2os or 1 slot sTTI, both CDM-T and CDM-F DMRS patterns should be studied further, considering the detection performance as well as the collision handling with legacy signals. 
Proposal 2: For both 2OS and one slot sTTI, PRB bundling should be supported. 
4 References
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5 Appendix A: evaluation assumptions table
Table 1: Evaluation Assumptions
	Parameter
	Assumptions

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2/7 symbols

	Allocated bandwidth
	50 PRBs 

	Channel model 
	EPA, EVA  and ETU

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

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

	Antenna correlation
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	Transmission mode
	TM9 

	RS configuration
	TM9: 2 CRS ports, Detailed DMRS pattern 

	Receiver type
	MMSE

	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
	Scale TBS size with TTI length

	HARQ retransmission
	Disabled 

	Performance metrics
	BLER, THROUGHPUT


6 Appendix B: Performance results for 2os TTI
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Figure 3. EPA, 2os TTI
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Figure 4. EVA, 2os TTI
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Figure 5. ETU, 2os TTI
7 Appendix C: Performance results for one slot TTI
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Figure 6. EPA, one slot TTI
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Figure 7. EVA, one slot TTI
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Figure 8. ETU, one slot TTI
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