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1 Introduction
In RAN1#72 meeting, it was agreed to study new DM-RS patterns to address the collision issue between PSS/SSS and DM-RS [1]. 
This contribution presents a few DM-RS patterns that we propose to consider in performance evaluation and some initial results. 
2 Candidate DM-RS Patterns
Design considerations to choose new DM-RS patterns are
· Desirably, new pattern would not collide with CSI-RS

· New pattern would not collide with PSS/SSS

· Desirably, new pattern would not collide with tracking RS
· Keep Rel-9/10 DM-RS sequences and consider only time-location change
As NCT does not carry legacy PDCCH, a first few symbols can be used for data demodulation and can be used for DM-RS REs. 
2.1. Unified DM-RS pattern for FDD/TDD Normal Subframe 

Except for using a reference pattern (i.e., special subframe pattern), a few candidate DM-RS patterns are as illustrated in Figure 1. 
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Figure 1. DM-RS Patterns for Unified in FDD/TDD (for both normal CP and extended CP)
In summary, to minimize the impact on CSI-RS, new location for DM-RS would be OFDM symbol 0, 1, 2, 3 in first slot and 4, 5 in second slot. To maximize the performance gain, our preference among these patterns is Pattern 3 (i.e., OFDM symbol 0, 1 in first slot and 4, 5 in second slot for normal CP and 0, 1 in first slot and 3, 4 in second slot for extended CP). Beside Pattern 3, Pattern 4 can be considered for the case where PBCH is decoded using DM-RS in new carrier type. 
2.2. DM-RS Patterns to avoid collision with Tracking RS

Unified DM-RS patterns illustrated in Figure 1 may collide with tracking RS if tracking RS is transmitted in that PRB. Thus, we illustrate a few other DM-RS patterns which may minimize the impact on tracking RS as shown in Figure 2.
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Figure 2. DM-RS Pattern Different for FDD/TDD (for both normal CP and extended CP)
For FDD, as PSS/SSS comes in OFDM symbol 5, 6 in first slot, the second slot DM-RS pattern can be kept whereas the OFDM symbols for DM-RS REs in first slot are shifted 3 symbols to the left to avoid collision with tracking RS and PSS/SSS. For TDD, special subframe pattern for normal subframe would allow non-colliding DM-RS pattern with both SSS and tracking RS. For extended CP, OFDM symbol 1, 2 in each slot can be used. 
2.2. DM-RS Patterns to avoid collision with CSI-RS
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Figure 3. DM-RS Patterns with Non-colliding with CSI-RS (for both normal CP and extended CP)
To maximize the performance gain potentially and allow non-collision with CSI-RS, pattern 6 for FDD can be considered and Pattern 3 for TDD can be considered. 
3 Conclusions

Proposed Patterns for DM-RS Evaluation: 
· Pattern 3 : DM-RS in OFDM symbol 0/1 in first slot and 4/5 in second slot for normal CP, 0/1 in first slot and 3/4 in second slot for extended CP

· Pattern 4: DM-RS in OFDM symbol 0/1 in each slot for normal and extended CP.

· Pattern 5 for FDD: DM-RS in OFDM symbol 2/3 in first slot and 5/6 in second slot for normal CP, 1/2 in first slot and 4/5 in second slot for extended CP

· Reference pattern for TDD: DM-RS in OFDM symbol 2/3 in first and second slot for normal CP and 1/2 in each slot for extended CP

· Pattern 6 for FDD: DM-RS in OFDM symbol 0/1 in first slot and 5/6 in second slot for normal CP and 0/1 in first slot and 4/5 in second for extended CP.
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