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1. Introduction
3GPP RAN WG1 has reached the consensus that two types of downlink reference signals (RS), i.e. DM-RS (targeting PDSCH demodulation) and CSI RS (targeting CSI estimation), are used to support multiple LTE-Advanced features, e.g. SU/MU-MIMO and CoMP [1]. In RAN1#58bis meeting, the DM-RS design for rank 5-8 was discussed [2]-[8] and the following points were agreed [9]:

Conclusions

· Baseline is CDM+FDM for further evaluations.

· Continue the study of SDM for further evaluation

· Same location with same density (24RE per PRB)

FFS

· Exact mapping

· OCC length(2 or 4)

· Whether or not RB bundling (from rank1 to 8) 

· (If yes) RB-bundling in frequency domain

· UE knowledge of precoding granularity, implicit or explicit, as a function of rank
· Bundling with single or multiple patterns (e.g, pattern rotation)
In this contribution, we further discuss the SDM-based DM-RS design and give a few observations.
2. SDM-based DM RS design for rank 5-8
2.1. Pros and Cons
Since the RS structure has an effect on the system overhead and performance, advanced RS design is needed for supporting the high rank transmission with up to 8 layers to satisfy the LTE-Advanced requirements. RAN1 has agreed that the DM-RS density would be 24REs per PRB and discussed multiplexing of DM-RSs for up to 8 layers. CDM+FDM has been regarded as a simple method with backward compatibility to Rel.9. However, CDM needs several REs (as many as code length) to finish one estimation and FDM costs the frequency resource to divide different layers groups.
On the contrary, SDM has very low cost on the frequency resource since it can make use of spatial orthogonality to transmit DM-RSs for different layers. Furthermore, SDM-based DM-RS had no hard limit on the number of REs. On the other hand, there is concern that SDM-based DM-RS may be related with the feedbacked CSI precision. The evaluation on this point may use the same timeline with the discussion on the channel feedback for LTE-Advanced.
Based on the observations, we conclude the following proposal:
Proposal 1: SDM of DM-RS for rank 5-8 is an efficient approach to save frequency resource and/or increase frequentness of the estimation with the given overhead in LTE-Advanced.
2.2. Compatibility
Since SDM has no hard limit on the location of REs for each layer, the pattern defined for CDM+FDM can also be used for SDM-based DM-RS. Figure 1 shows an example of SDM-based DM-RS patterns for rank 8, where the DM-RS RE location is the same with the current assumption. Notice that the 24 REs of DM-RSs at one layer can be all assigned to this layer since the orthogonality for different layers is obtained by the processes discussed in RAN1#58bis [8]. Therefore, with the same DM-RS density at transmitter, SDM-based DM-RS can provide more evaluation results for each layer, which can be used to improve the estimation precision with some implementation methods.
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Fig. 1 An example of SDM-based DM-RS patterns for rank 8.
Based on the observations, we conclude the following proposal:
Proposal 2: SDM-based DM-RS can use the same location with CDM+FDM at each layer to keep the compatibility. With the same DM-RS density at transmitter, SDM-based DM-RS can provide more evaluation results for each layer, which can be used to improve the estimation precision with some implementation methods.
3. Conclusion
In this contribution, we have presented our observations/proposals of SDM-based DM-RS design for rank 5-8 as follows:
· SDM of DM-RS for rank 5-8 is an efficient approach to save frequency resource and/or increase frequentness of the estimation with the given overhead in LTE-Advanced.
· SDM-based DM-RS can use the same location with CDM+FDM at each layer to keep the compatibility. With the same DM-RS density at transmitter, the SDM-based DM-RS can provide more evaluation results for each layer, which can be used to improve the estimation precision through some implementation methods.
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