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1 Introduction
During the RAN1#50bis meeting in Shanghai it was decided that dedicated demodulation RS will be supported in the standard.  Furthermore it was concluded that only a single stream is supported for by these dedicated RS.  Therefore the only remaining issue is the determination of the actual RS patterns.  This contribution proposes RS patterns for each of the frame structures, and CP sizes.
There are several factors to consider when designing a RS pattern. 

1) Channel estimation performance for all possible frequency shifts of the RS, as well as for all possible sizes of control channel.
2) Simple implementation of RS power boosting.
3) Similar pattern to the common RS for simplicity.

To enable 1) the RS were as spread out in both the time and frequency domain as possible to achieve good performance for all frequency shifts.  The dedicated RS were placed near the beginning of the RB as much as possible to enable good performance even when the control channel is very small.  Additionally the dedicated RS were not placed in the same OFDM symbols as the common RS to reduce the RS power boosting impact to PDSCH.  
2 Proposed Structures

For the frame structure type 1 with a normal cyclic prefix, our proposed RS pattern is given in Figure 1.  This pattern achieves good separation of both the dedicated and common RS, keeps the dedicated RS out of the OFDM symbols containing common RS, and has a very similar structure to the common RS, while minimizing the amount of extrapolation required.  
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Figure 1 Mapping of downlink UE-specific reference signals (frame structure type 1, normal cyclic prefix).

For the extended CP case as the dedicated RS are not used for demodulating the control channel, the location of the dedicated RS can be dependent on the size of the control channel.  We therefore propose two different pilot patterns depending on the value of the PCFICH.  These two mappings are given in Figure 2 below.
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Figure 2 Mapping of downlink UE-specific reference signals (frame structure type 1, extended cyclic prefix).

Similarly for frame Structure type 2, we propose that the dedicated reference be placed in the first OFDM symbol which does not contain control channel information.  This enables a simple interleaver structure for the control channel, as well as locating the dedicated RS close to the tones they are used for demodulating.  In the figures below we assume a control channel size of 3 OFDM symbols.  
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Figure 3 Mapping of downlink UE-specific reference signals (frame structure type 2, normal cyclic prefix).
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Figure 4 Mapping of downlink UE-specific reference signals (frame structure type 2, extended cyclic prefix).

3 Conclusion

In this contribution we propose several dedicated RS patterns for both frame structure type 1 and 2.  As a balance between complexity and performance we believe that the location of the first dedicated RS should be fully based on the size of the PHICH, in frame structure type 2.  However in frame structure type 1 the dedicated RS should only change when the extended cyclic prefix is used.
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