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1. Introduction

In last meeting RAN1 #59, the decision made for DM-RS design for extended CP was drawn [1] as

· Extended CP is not supported in conjunction with transmission mode 8 in Rel-9.

· Note that this does not preclude a solution being introduced in a later release. 
This decision means in Rel-10, DM-RS design for extended CP could be introduced in order to support up to 8-layer transmission, the same as normal CP case. Therefore, the detailed DM-RS pattern from Rank 1 to Rank 8 will be designed. In this contribution, we continue to share our views on DM-RS design from Rank 1 to Rank 8 in the extended CP case.
2. Discussion
Basically, extended CP is applied for channels with larger time dispersion, or equivalently for channels experiencing much more frequency selectivity. Therefore, the channel characteristic should be considered in the DM RS pattern design for extended CP. Here, we share our views on design principles for extended CP:
· PDCCH performance can be improved by some means, e.g. using a larger aggregation level or power boosting. Better PDSCH demodulation performance is always desired once PDCCH is correctly decoded.
· In some contributions, Vehicular B (VehB) channel was widely used for the evaluations of dual layer DM RS patterns in case of extended CP and some conclusions were drawn accordingly. However, we know the last two rays in VehB channel model fall beyond the CP length and this limits the performance improvement greatly, especially at high SNR. Therefore, the VehB channel can not properly reflect the channel that systems with extended CP could experience. We would propose to use a modified VehB channel for further evaluations, where the last two rays are deleted and the largest time dispersion is around 13us only.
· Commonality of DM-RS patterns between normal subframe and DwPTS should be kept as much as possible. Therefore, CDM in the time domain is considered for extended CP as well to maintain the consistency. In addition, DM RS overhead should be considered in light of performance evaluations. 
· Striving for a smooth design from rank 1 to rank 8 will ease UE implementation to a great extent and also benefit in, e.g. simple and unified layer-to-DM RS port mapping [2].
3. DM-RS pattern design 
3.1. Rank 1-4 pattern
In Rel-9 time frame, there were a lot of discussions [3-6] on the pattern design. Some candidate patterns have been extensively studied taking overhead and performance into account. Based on performance evaluations [7], we propose the following DM-RS pattern to support up to four layers transmission, as shown in Figure 1, 
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Figure 1
Proposed rank 1-4 DM-RS pattern for extended CP: normal subframe (left) and DwPTS (right)

Some analyses on this pattern are given below:

· Here, the DM-RS overhead of 16 REs per layer is proposed, which is a bit higher than 12 REs for normal CP. The reason is that such an overhead can make a best balance to performance. This is particularly efficient to overcome negative impact caused by highly frequency-elective fading. 

· A staggered structure is proposed to further improve the performance. This design is benefitial to detailed channel estimation algorithm, e.g. 2D-MMSE filter method.

· A punctured version of normal subframe is simply proposed for all DwPTS cases, i.e. DwPTS with 8, 9 or 10 OFDM symbols. This can ease UE implementation effort since only one DM-RS pattern is used for channel estimation when applicable to different DwPTS case
, 
· The same as normal CP case, CDM+FDM is basically used to multiplex up to four layers. Good consistency of DM-RS design between normal CP and extended CP can  be maintained. 
3.2. Rank 5-8 pattern

Based on this preferred rank 1-4 pattern, we propose three candidate options for rank 5-8 pattern to support up to 8 layer transmission, as shown in Figure 3-5. 
· Option-1: OCC=4, see Figure 2
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               Figure 2
Extended CP rank 5-8 pattern: Option-1 with OCC=4
· Option-1 re-uses the RS REs reserved for Rank 1-4 pattern, which to some extent eases channel estimation implementation at UE. This option keeps some of key characteristics of Rank 1-4 pattern, i.e. 16 REs per layer, staggered structure, unified pattern for all DwPTS cases. The difference is to use OCC with length of 4 for each CDM group, where OCC is constructed in time-frequency domain for both normal subframe and DwPTS. TOne advantage is to make a soft extension by modifying OCC length from 2 to 4.

· Option-2: OCC=4, see Figure 3
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               Figure 3
Extended CP rank 5-8 pattern: Option-2 with OCC=4

· Option-2 provides another pattern with OCC length of 4 as compared to option-1. The difference from option-1 is the OCC with length of 4 is constructed in 4 adjacent resource elements. This option is expected to efficiently overcome negative impact of Doppler in a high mobility environment since orthogonality between OCCs can be relatively kept well.

· Option-3: OCC=2, see Figure 4
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               Figure 4
Extended CP rank 5-8 pattern: Option-3 with OCC=2

· Option-3 provides a different solution compared to option-1/2. Total 4 CDM groups are proposed and each CDM group is to multiplex up to two layers using OCC with length of 2. This option is expected to maintain good orthogonality due to short OCC length in time domain. Some similar characteristics are maintained, e.g. staggered structure and unified pattern for all DwPTS cases.
We prefer to have a smooth and natural extension based on Rank 1-4 pattern. Which option is chosen depends on further analysis on application scenario of beyond four layers transmission under different channel environments, e.g. ETU / VehB, low / high speed. If the possibility of Rank 5-8 transmission in VehB is relatively low, we could go option-3 with OCC length of 2 since this option can guarantee performance at least for ETU-like channel. Otherwise, we will consider option-1/2 as candidate patterns. 
Proposal: FFS on application scenario of beyond four layers transmission under different channel environments
Proposal: FFS on option-1/2/3

4. Conclusion
Based on the discussion above, we propose the following patterns for extended CP:
· Rank 1-4 pattern: pattern shown in Figure 1

· Rank 5-8 pattern: 
· FFS on application scenario of beyond four layers transmission under different channel environments
· FFS on option-1/2/3 
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� The case of DwPTS with 3 OFDM symbols is not expected to schedule data transmission. 
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