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1 Introduction
In RAN#67, the SI of latency reduction was approved, which aims to study enhancements to the E-UTRAN radio system in order to [1]: 
· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE.
· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).
TTI shortening and reduced processing times should be studied in RAN1, including the following aspects:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling.

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier).
This contribution discusses some specification impacts to DL RS design that are caused by TTI shortening and reduced processing times, and provides our suggestions on these aspects. 
2 Downlink Reference Signal Design
CRS

Each shorter TTI may or may not contain CRS, but in either case the CRS-based PDSCH can still rely on the CRS REs inside and/or outside of the TTI for channel estimation. Hence, CRS based transmission can be supported with various short TTI lengths. In addition, to preserve backwards compatibility, nothing should be changed on the common CRS. In the case where the channel estimation based on CRS outside of TTI suffers performance degradation due to high Doppler, DMRS base transmission can be used instead. 
Proposal 1: It is not necessary to enhance CRS for the purpose of latency reduction.
DMRS

For TTI of 0.5ms length, legacy DMRS pattern (the relative DMRS RE locations) in a slot can be reused. In order to reduce the processing latency, DMRS signal pattern can be allocated into earlier OFDM symbols within the TTI. To be more specific, 
· For the 0.5ms TTI in the even-numbered slot, because legacy PDCCH is always transmitted in the first few symbols, and DMRS should not interfere legacy PDCCH in order to maintain backward compatibility, DMRS can be transmitted in the two symbols following the PDCCH region.

· For the 0.5ms TTI in the odd-numbered slot, DMRS can be transmitted in the earlier symbols without CRS, i.e. symbol #2 and #3 as in Figure 1. Alternatively, to further reduce the processing latency caused by channel estimation, DMRS can be even placed into symbols #0 and #1. In this case, the allocation of DMRS REs should be the function of frequency shift in order to avoid overlapping with CRS. Because frequency shift further depends on PCID, CoMP (scenario 3) may not work. Therefore the allocation of DMRS in the same OFDM symbols with CRS can be considered only when CoMP is agreed not being supported in RAN1 study of latency reduction.
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Figure 1 0.5ms TTI in odd-numbered slot
The use of legacy DMRS pattern in slot means only length-2 OCC is supported and the maximum supported layers per TTI is 4. If 8-layer transmission is to be supported, further enhancement for DMRS should be considered.

Proposal 2: For TTI=0.5ms, DMRS can be allocated with the same RE pattern as for legacy DMRS per slot, and can be allocated in earlier symbols within TTI that are not used for CRS and legacy PDCCH. 
For TTI shorter than 0.5ms, DMRS should be redesigned. Similar to the discussion above, one design principle is to transmit DMRS in earlier symbols within TTI to improve the processing latency. Another design principle is about the overhead. In current LTE specification, the PDSCH transmission of up to two layers requires 6 DMRS REs in each PRB, which results in overhead percentage of up to 10% for PDSCH. However, in the case of two-symbol TTI, the overhead of DL DMRS can be up to 25% if the DMRS REs still use two OFDM symbols in each TTI with the same frequency density as in legacy pattern. Therefore, decreasing frequency-domain density of DMRS needs to be considered. The performances of new DMRS patterns with sparse density should be further evaluated. The third design principle comes from the requirement whether more than two layers should be supported in TTI shorter than 0.5ms, which is still a pending question in RAN1.  
Proposal 3: For TTI<0.5ms, decreasing frequency-domain density of DMRS should be considered to reduce the overhead. 
3 Conclusion

According to the analysis given above, we have the following proposals:
Proposal 1: It is not necessary to enhance CRS for the purpose of latency reduction.
Proposal 2: For TTI=0.5ms, DMRS can be allocated with the same RE pattern as for legacy DMRS per slot, and can be allocated in earlier symbols within TTI that are not used for CRS and legacy PDCCH. 

Proposal 3: For TTI<0.5ms, decreasing frequency-domain density of DMRS should be considered to reduce the overhead. 
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