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1 Introduction

According to the way forward agreed in [1], a single dedicated reference signal pattern is to be defined.  

By limiting the dedicated beamforming to a single stream, it is only necessary to provide one dedicated reference signal pattern (at least in Rel-8). This would be transmitted on antenna port 5. 

In this document we discuss some issues affecting the choice of pattern for the UE-specific RS.

1.1 Density of UE-specific RS

In [2], we proposed patterns for UE-specific reference symbols with the same overhead as the common reference symbols. However, it was shown in [3] that in some situations (notably high-speed with TU channel model) such a low density of UE-specific reference symbols performs significantly worse than higher densities (typically 0.5 – 1dB, but up to 2.9dB at 250km/h). The conclusions in [3] recommended 16 RS per subframe for the best performance. 

However, we note the use of dedicated beamforming for high-speed UEs (>100km/h) is not likely to be a common scenario, and at lower speeds the difference between 6RS and 16RS is never greater than 1dB. By using 8 RS per subframe, the difference is never greater than 0.6dB, and this falls to just 0.1dB with 12 RS.

We therefore propose using a density of not more than 12 RS per subframe. 

1.2 Effect of number of OFDM symbols used for control signalling

One issue to be addressed is whether the UE-specific RS pattern should change depending on the number of symbols used for control signalling. For simplicity, we propose that some UE-specific RS would be transmitted in the 3rd OFDM symbol if and only if the number of OFDM symbols used for control signalling is less than 3. We also propose that the positions of the other UE-specific RS are fixed regardless of the number of OFDM symbols used for control signalling. 
1.3 Distributed transmission

If Nd=2, the subframes are potentially divided very unevenly between users. This suggests that there should be more UE-specific RS located in the second slot than in the first, especially if the number of symbols used for control signalling is 3. 
If Nd=3, the subframes can be divided more evenly, as proposed in [4], and it would make sense to design the UE-specific RS pattern to give an equal number of RS per portion, when 3 symbols are used for control signalling 
It would in principle be possible to design a different RS pattern for each of Nd=2 and Nd=3, but we do not believe this is necessary, as a single pattern can suit both.  

1.4 Proposal

In the light of the above points, we propose the following pattern for the UE-specific RS on antenna port 5. We show how the RS positions correspond to the TDM portions of the subframe in the case of distributed transmission. Note that the RS shown in the third OFDM symbol are not transmitted if the 3rd OFDM symbol is used for control signalling. 

(a) Nd=2, normal CP:
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(b) Nd=3, normal CP:
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(a) Nd=2, extended CP:
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(b) Nd=3, extended CP:
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A text proposal for TS36.211 follows. 

2 Text Proposal for TS36.211

-- Start of text proposal --

6.10.3
UE-specific reference signals

UE-specific reference signals are supported for single-antenna-port transmission of PDSCH and are transmitted on antenna port 5. The UE is informed by higher layers whether the UE-specific reference signal is present and is a valid phase reference for PDSCH demodulation or not. If higher layer signalling informs the UE that the UE-specific reference signals are present and are a valid phase reference for PDSCH demodulation, the UE may ignore any transmission on antenna port 2 and 3.

6.10.3.1
Sequence generation

6.10.3.2
Mapping to resource elements 

Figures 6.10.3.2-1 and 6.10.1.2-2 illustrate the resource elements used for UE-specific reference signal transmission. The notation 
[image: image5.wmf]p

R

 is used to denote a resource element used for reference signal transmission on antenna port 
[image: image6.wmf]p

. Resource elements with the index l=2 are only used for UE-specific reference signal transmission if PDSCH is transmitted in the same OFDM symbol. 
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Figure 6.10.3.2-1. Mapping of downlink UE-specific reference signals (frame structure type 1, normal cyclic prefix).
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Figure 6.10.3.2-2. Mapping of downlink UE-specific reference signals (frame structure type 1, extended cyclic prefix).

-- End of text proposal --
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