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1. Introduction
In RAN1#60bis, the following was agreed as a working assumption:

· In case of rank 1-2, DM-RS overhead of 16 REs per PRB pair for extended CP with normal subframe
· FFS on detailed pattern

In this contribution, we propose DM-RS pattern for extended CP for normal subframe and DwPTS region.
2. Design Criteria and Channel Model for Evaluation
The likely use case for extended CP (16.66µs) is for channels with large delay spread ( > 10µs) with a good fraction of UEs experiencing such conditions. Vehicular B channel (20µs excess delay) model is a well-known high delay spread channel model and should be used as a basis for performance evaluation of link throughput with rank and MCS adaptation.

Proposal 1: Veh B channel model is used for performance evaluation.
3. DM-RS Pattern for Extended CP – Normal Subframe

In [1], we evaluated the link throughput performance for extended CP DM-RS patterns. Based on our observations, we propose a staggering of the DRS REs in the two slots to deal with the increased frequency selectivity of high delay spread channel conditions. The proposed DM-RS pattern for Normal subframe with extended CP (12 OFDM symbols) is shown in Figure 1. The same or similar DM-RS pattern is also proposed in [2] [3].
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Figure 1. Proposed Extended CP DM-RS Pattern for Normal Subframes, rank 1-4.
As shown in Figure 1,  the extended CP normal subframe DM-RS pattern for rank 1-2 occupy CDM group 1 for DM-RS transmission for layer 0 and 1 with the agreed DM-RS overhead of 16 REs per PRB pair. To support rank 3-4 transmission, a CDM+FDM design similar to normal CP case is adopted with DM-RS for layer 2-3 on CDM group 2 (shown light green in Figure 1).
Proposal 2A: Staggering of the DM-RS REs between the two slots for extended CP normal subframe.
Proposal 2B: Extended CP DM-RS pattern for normal subframe rank 1-4 as shown in Figure 1. 
4. DM-RS Pattern for Extended CP – DwPTS 

With extended CP, the DwPTS region consists of 8/9/10 OFDM symbols. Two DM-RS patterns [1] are considered as shown in Figure 2.
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 Figure 2. Proposed Extended CP DM-RS Pattern for DwPTS, rank 1-4.
The DM-RS is located on OFDM symbol 4 and symbol 5 irrespective of the number of OFDM symbols within a DwPTS subframe. The DRS overhead for rank 1-2 is 12REs per PRB-pair for pattern 1 and 8 REs per PRB-pair for pattern 2. The link throughput performance with rank (up to 2) and MCS adaptation for 3km/h and 120 km/h cases is shown in Figure 3 for 1RB allocation, MMSE-receiver, eigen beamforming. Additional simulation assumptions are given in [1]. 
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Figure 3. Link Throughput Performance of proposed extended CP DM-RS Pattern for DwPTS, Veh B.
The throughput curve corresponding to pattern 3 in Figure 3 corresponds to truncated Normal CP normal subframe DM-RS pattern and has the worst performance. Pattern 1 has the best performance over all SNR regions for highly frequency selective channels and is thus preferred pattern for the DwPTS region. Pattern 1 has also been proposed in [3].
Proposal 3A: A single DM-RS pattern for all DwPTS configurations.
Proposal 3B: In case of rank 1-2, DM-RS overhead of 12 REs per PRB pair for extended CP in DwPTS region. 

Proposal 3C: Extended CP DM-RS pattern for DwPTS rank 1-4 as shown in Figure 2, Pattern 1.
5. Conclusions

We propose the following for DM-RS pattern with extended CP for normal subframe and DwPTS region:

Proposal 1: Veh B channel model is used for performance evaluation.
Proposal 2A: Staggering of the DM-RS REs between the two slots for extended CP normal subframe

Proposal 2B: Extended CP DM-RS pattern for normal subframe rank 1-4 as shown in Figure 1. 

Proposal 3A: A single DM-RS pattern for all DwPTS configurations.
Proposal 3B: In case of rank 1-2, DM-RS overhead of 12 REs per PRB pair for extended CP in DwPTS region. 

Proposal 3C: Extended CP DM-RS pattern for DwPTS rank 1-4 as shown in Figure 2, Pattern 1.
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