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1. Introduction

In previous meetings, DM-RS pattern with normal CP has been decided [1-2], as shown in Figure 1. Some key characteristics are summarized as 

· RS overhead of 12 RE per layer

· Take the same RS position

· Up to two CDM groups

· Each CDM group has up to four DM-RS ports

· Two CDM groups are FDM multiplexed

· Orthogonal cover code (OCC) across time domain only

· Non-staggered structure between two CDM clusters
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Figure 1
Agreed DM-RS pattern for normal CP supporting up to rank 8

However, the decision made for DM-RS design with extended CP was drawn [3] 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. 
In this contribution, we continue to share our views on DM-RS design for extended CP in Rel-10.
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 taken into account in the DM RS pattern design for extended CP. Here, we share our views on design principles for extended CP: 
· So far, 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 CP and extended CP. Considering DM-RS pattern with normal CP has been decided, we should reuse some design principles as much as possible, e.g. max. two CDM groups with FDM multiplexed, length-4 OCC, and potential DM-RS port indication, OCC allocation, OCC mapping [4] and power boosting [5]. 
3. DM-RS pattern design 
In Rel-9 time frame, a lot of discussions [6-10] on pattern design for extended CP have been made in the scope of dual layer beamforming. Some candidate patterns have been extensively studied taking overhead and performance into account. In Rel-10 time frame, we would call for further discussion on similar issues for all rank, i.e. rank 1-8. 
3.1. DM-RS overhead

Two DM-RS overhead values per paired PRB are mainly investigated in the previous discussions, i.e. 12 RE and 16 RE. 12 RE is essentially kept the same as normal CP pattern and however, 12 REs seems not good enough to capture frequency domain channel variations, e.g. VehB-like channel. So, a bit high overhead, e.g. 16 REs, seems necessary from performance perspective, and more importantly, such an overhead in frequency domain is kept the same as antenna port 5 in Rel-8. What overhead is required depends on whether PDSCH performance can be guaranteed or acceptable.
Observation:

· DM-RS overhead should be well justified based on performance evaluation  
3.2. Staggered vs. non-staggered

Common understanding is staggered structure with length-2 OCC could contribute to performance improvement due to more DM-RS in frequency domain while non-staggered structure with length-4 OCC can maintain good inter-code orthogonality, especially in a channel with high frequency selectivity. Based on the knowledge from normal CP pattern (shown in Figure 1), length-2 and length-4 OCC is used for rank 1-4 and rank 5-8, respectively. Anyway, we think low rank is more interesting than high rank and needs to be optimized. 
Observation:

· Whether to have staggered or non-staggered structure depends on performance evaluation for all rank

· Low rank should be optimized and is more interesting than high rank

3.3. Application scenario

In such an extreme channel, we should check whether high rank transmission, e.g. rank 5-8 can be run or not. If the possibility is relatively low, it seems less interesting to support UE-specific high rank for extended CP. However, we also realize extended CP is a cell-specific behavior, not UE-specific behavior, where some part of UEs face the channel with less or not much frequency selectivity and to run high rank transmission could improve cell capacity. So, DM-RS pattern should not be designed or optimized particularly for one special channel.
Observation:

· Application scenario of high rank  should be well analyzed for extended CP

· A good pattern should be applicable to all suitable channels
3.4. DwPTS design

At least, the same design principles should be re-used for DwPTS as much as possible. Like this, implementation complexity can be kept as low as possible for both eNB and UE. In addition, DwPTS has different lengths, which further results in more design cases. We prefer to make a tradeoff between performance and complexity on DwPTS design. 
Observation:

· Make DwPTS design as simple as possible as long as performance is acceptable

· A unified pattern for all DwPTS cases should be applied
4. Conclusion
In this contribution, we made some observations from the following four aspects:
· DM-RS overhead

· DM-RS overhead should be well justified based on performance evaluation

· Staggered vs. non-staggered

· Whether to have staggered or non-staggered structure depends on performance evaluation for all rank

· Low rank should be optimized and more interesting than high rank

· Application scenario

· Application scenario of high rank should be well analyzed for extended CP

· A good pattern should be applicable to all suitable channels

· DwPTS design

· Make DwPTS design as simple as possible as long as performance is acceptable

· A unified pattern for all DwPTS cases should be applied
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