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1 Introduction
In RAN1#85 meeting of the WI on Shortened TTI and processing time for LTE, there were the following agreements [1]: 
Agreements:

· 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. 
2 DL DMRS Design for PDSCH
2.1 2-symbol TTIWhen it comes to DMRS design for 2-symbol TTI, the PRB bundling should be included in the consideration. The motivation is that the current DMRS density in frequency domain needs to be reduced for 2-symbol TTI in order to maintain an acceptable reference signal overhead, and such frequency-domain density reduction may require the minimum DMRS pattern unit be larger than 1 PRB. This minimum DMRS pattern unit is repeated in frequency domain as one-PRB pattern unit does in current specification.  This minimum DMRS pattern unit can be considered as minimum PRG, given PRG is the unit of precoding and channel estimation. Other PRG size can be integer multiple of the minimum PRG size. 
In order to achieve better performance and lower overhead, DMRS should be evenly distributed in the minimum PRG, and as close to the edge of the minimum PRG as possible. Meanwhile, according to the findings from link evaluations [2], it is beneficial to allocate fewer DMRS REs per PRB for sTTI compared to the legacy TTI. Figure 1 gives two examples, where minimum PRG holds 2 PRBs and the DMRS RE density is 16REs/PRG in Figure 1(a) and 12REs/PRG in Figure 1(b), respectively. Furthermore, the DMRS pattern is unified for sPDCCH and sPDSCH, which are FDM-multiplexed for 2-symbol TTI.
In addition, when DMRS is collided with CRS, DMRS is punctured. For 3-symbol TTI is introduced with one symbol contains CRS, 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 Examples of DMRS pattern for 2-symbol TTI
Proposal 1: For 2-symbol TTI, the DMRS pattern with lower frequency domain density is designed per minimum PRG, whose size is larger than 1 PRB.
For the DMRS design discussed above, eight layers cannot be supported anymore. The maximum number of supported layers can be 2 or 4, which should be considered based on DMRS overhead, performance and throughput. 
Proposal 2: For 2-symbol TTI, the maximum number of supported layers is 2 or 4.
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 1-slot TTI, DMRS pattern of 2-symbol TTI is reused.

Proposal 4: For 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, the DMRS pattern with lower frequency domain density is designed per minimum PRG, whose size is larger than 1 PRB.
Proposal 2: For 2-symbol TTI, the maximum number of supported layers is 2 or 4.

Proposal 3: For 1-slot TTI, DMRS pattern of 2-symbol TTI is reused.

Proposal 4: For 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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