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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.  
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. 
The dedicated RS patterns for both frame structure type 1 and 2 were discussed in [1]. In this contribution the performances of different RS densities were evaluated and compared.     
2 RS density required
To determine the RS density required for Dedicated RS we consider four different RS patterns. The first has 6 RS per RB and has roughly the same density as the common pilots.  The second has 8 RS per RB with a slightly higher density in the time direction.  The third has 10 RS per RB, with significantly higher density in the time domain, the fourth has both a higher frequency and time density than the common RS. 
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Figure 1 Mapping of downlink UE-specific reference signals (frame structure type 1, normal cyclic prefix).

We simulated the four patterns for a variety of channels and code rates.  We also consider the number of different RB’s assigned to the UE.  We consider 1, 2 and 5 consecutive RBs. , and assume that interpolation of channel estimates is possible between neighbouring RBs.  The simulation parameters are given in Table 1.  We assume that the channel estimation can only be based on the dedicated RS in the current subframe.
Table 1: Simulation parameters
	Bandwidth
	5 MHz

	Channel model
	GSM TU, 3km/h, 30 km/h and ITU Pb 3km/h and 30 km/h

	Number of Tx antenna
	1 

	Number of Rx antenna
	2

	Channel Estimation
	2D weiner filer with long term 2nd order statistics known for 1 or 2 RB
two 1D weiner Filters based on estimated statistics for 5 RB

	Coding
	Release 6 Turbo Code

	CP size
	Short

	Size
	1, 2 or 5 Consecutive RB’s
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Figure 2 Goodput of 4 RS patterns for different MCS, over the TU 3 km/h channel with 1 RB assigned
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Figure 3 Goodput of 4 RS patterns for different MCS, over the TU 3 km/h channel with 2 RB assigned
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Figure 4 Goodput of 4 RS patterns for different MCS, over the TU 3 km/h channel with 5 RB assigned 
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Figure 5 Goodput of 4 RS patterns for different MCS, over the TU 30 km/h channel with 1 RB assigned 
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Figure 6 Goodput of 4 RS patterns for different MCS, over the TU 30 km/h channel with 2 RB assigned 
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Figure 7 Goodput of 4 RS patterns for different MCS, over the TU 30 km/h channel, with 5 RB assigned.

Examining the figures above we see that the best performance depends on both the number of RB assigned and MCS used.  When a single RB is assigned, as shown in Figure 2 and Figure 5 all of the RS patterns considered showed similar performance, with higher densities having a slight edge over 6 RS per RB.  Similar results are seen when 2 RB are assigned to a UE, as seen in Figure 3 and Figure 6, with all densities performing similarly with a very small gain of higher densities over 6RS per RB.  When 5 RBs have being assigned we see clear performance benefits of 8 RS per RB over either 6, 10 or 12 RS per RB over a wide range of MCS.  We therefore conclude that 8 RS per RB is sufficient for dedicated RS.  
3 Proposed Structures

For frame structure type 1 with a normal cyclic prefix, our proposed RS pattern is given in Figure 8.  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 8 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 9 below. It should be mentioned if we want to simplify the dedicated RS format, we can apply the right pattern in figure 7 to all the control channel sizes (1, 2 or 3 OFDM symbols).   
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Figure 9 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 10 Mapping of downlink UE-specific reference signals (frame structure type 2, normal cyclic prefix).
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Figure 11 Mapping of downlink UE-specific reference signals (frame structure type 2, extended cyclic prefix).

4 Conclusion

In this contribution the optimal density for the dedicated RS is studied. The simulation results show that having 8 dedicated RS per RB per subframe provides the best trade-off between the RS overhead and the channel estimation performance for frame structure type 1.  Based on the optimal RS density we propose several dedicated RS patterns for both frame structure type 1 and 2.  
Reference
[1] R1-074634, “RS Structure for Dedicated Transmission”, Nortel
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