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1 Introduction
In the previous meetings of the WI on Shortened TTI and processing time for LTE, there were the following agreements [1][2]: 
RAN1#88
· For 2-symbol sPDSCH transmission

· Maximum 4-layer is supported for CRS based sPDSCH transmission;

· At least 2-layer is supported for DMRS based sPDSCH transmission

· FFS the support for 4-layer DMRS based sPDSCH transmission
· For 1-slot sPDSCH transmission

· Maximum 4-layers is supported for CRS based sPDSCH transmission;

· At least 4-layer is supported for DMRS based sPDSCH transmission

· FFS the support for 8-layer DMRS based sPDSCH transmission 
· For up to 2 layers sPDSCH in one sTTI, each layer maps to one different DL DMRS port, and each DMRS port has OCC-2 in time domain to support code division multiplexing.
· FFS on whether DL DMRS can be shared among multiple sTTIs for the same UE for 2/3-symbol sTTI.
· DL DMRS pattern for 2-layer 2/3-symbol sTTI occupies 2 symbols per sTTI, X subcarriers per N RB(s)
· Option 1: X = 3, N = 1
· Option 2: X = 2, N = 1
· Option 3: N > 1, with a fixed value of N and X, the specific values are FFS 

· Option 4: N and X are configurable, including the possibility that N = 1
RAN1#88bis
· For 7-symbol sTTI, 8-layer transmission is not supported for DMRS based sPDSCH

This contribution further discusses the design of DL DMRS.
2 DL DMRS Design for PDSCH
2.1 2-symbol TTI
When it comes to DMRS design for 2-symbol TTI, the PRB bundling should be included in the consideration. PRG is the unit of precoding and channel estimation. In legacy LTE, the PRG size can be 1/ 2/ 3 PRBs, depending only on the system bandwidth. Considering the granularity of resource allocation can be redefined as 2 or 3 times of RBG size [2], the minimum PRG size can be defined as 2 or 3 PRBs.  
For the increased PRG size, the DMRS design based on one PRB as in legacy LTE is no longer optimal. In order to achieve better performance and lower overhead, DMRS can be designed based on the minimum PRG. The principle of design for legacy DMRS can be reused here. That is, DMRS should be evenly distributed in the minimum PRG, and as close to the edge of the minimum PRG as possible. Therefore, we prefer to option 3, in which DMRS occupies X subcarriers per N PRBs. Considering the balance between performance and overhead, X=4 and N=2 is a good choice, as shown in Figure 1. The DMRS pattern is repeated in every two PRBs. The simulation results are given in the Appendix, in which the performance of the three options is compared. It can be seen that option 2 and option 3 have similar throughput for 3km/h EPA channel, which is higher than that of option 1. For 60km/h ETU channel, option 3 has the best performance expect for the case of 64QAM, while option 1 performs better because of the higher DMRS density. Option 3 always performs better than option 2 for ETU channel although option 2 has same DMRS density with option 3. It is because DMRS in option 3 is evenly distributed in bundling PRBs which is beneficial to channel estimation over severely frequency selective channel. Therefore, we prefer to option 3 with N=2 and X=4 considering that it has the best performance in most cases. In addition, if the additional complexity on UE's implementation due to configurable DMRS is acceptable, option 1 can also be considered as one of the configurations.
The DMRS pattern can be unified for sPDCCH and sPDSCH, which are FDM-multiplexed for 2-symbol TTI. In addition, when DMRS is collided with CRS, DMRS shall be punctured. For a 3-symbol TTI containing CRS in one symbol, it is preferable to place DMRS in the other two symbols without CRS to avoid being punctured. In order to avoid too much DMRS being punctured, the density of DMRS should not be a multiple of 3.
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Figure 1 DMRS pattern for 2-symbol TTI
Proposal 1: For 2/3-symbol TTI, DL DMRS pattern occupying 4 subcarriers per 2 RBs should be supported.
· FFS on whether option 1 is also supported.
2.2 1-slot TTI

For sPDCCH of 2nd slot, sPDCCH occupies the first 2 symbols, and the DMRS pattern of 2-symbol TTI can be reused. For sPDSCH, legacy DMRS pattern (the relative DMRS RE locations in frequency domain) in a slot can be reused. In order to reduce the processing latency, DMRS signal pattern can be allocated into earlier OFDM symbols within 1-slot TTI. DMRS can be transmitted in the second 2-symbol TTI of the slot. As shown in Figure 2, ‘2-2-3’ structure is assumed. DMRS can be placed in symbol #2 and #3. The use of legacy DMRS pattern in slot means only length-2 OCC is supported and the maximum supported layers per TTI is 4.
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Figure 2 DMRS pattern for 1-slot TTI 
Proposal 3: For sPDCCH of 1-slot TTI, DMRS pattern of 2-symbol TTI is reused.

Proposal 4: For sPDSCH of 1-slot TTI, DMRS can be allocated with the same RE pattern as for legacy DMRS per slot, and can be shifted to the second 2-symbol TTI of the slot.
· The maximum number of supported layers per TTI is 4. 
3 Conclusion

In this contribution, we give our analysis on issues of PDSCH transmission for downlink of shortened TTI. We have the following proposals:
Proposal 1: For 2-symbol TTI, DL DMRS pattern occupying 4 subcarriers per 2 RBs should be supported.
· FFS on whether option 1 is also supported.
Proposal 2: For sPDCCH of 1-slot TTI, DMRS pattern of 2-symbol TTI is reused.

Proposal 3: For sPDSCH of 1-slot TTI, DMRS can be allocated with the same RE pattern as for legacy DMRS per slot, and can be shifted to the second 2-symbol TTI of the slot.
· The maximum number of supported layers per TTI is 4. 
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5 Appendix: Simulation assumptions

Table 1 specifies the settings used in the link level evaluations.

Table 1. Simulation parameters
	Parameter
	Value

	Carrier frequency
	2 GHz

	TTI length
	2symbols

	Allocated bandwidth
	50 PRBs (10 MHz)

	Channel model 
	EPA,ETU

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

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

	Antenna correlation
	Uncorrelated

	CP length
	Normal

	Transmission mode
	TM9 

	Receiver type
	MMSE-IRC

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank 1

	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


Figure 3 and Figure 4 give the link simulation results.
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Figure 3  EPA-3km/h, DMRS demodulation performance
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Figure 4 ETU-60km/h, DMRS demodulation performance
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