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1 Introduction
During the RAN1#50bis meeting in Shanghai it was decided that dedicated reference signal (DRS) will be supported in the standard.  Furthermore it was concluded that only a single stream is supported for by these dedicated RS.  During RAN#51bis this topic was discussed again and densities of 8 to 12 RS per RB pair were considered for further evaluation.  In this contribution we consider the performance of 5 different RS patterns based upon outcome of the discussions in RAN#51bis.  
From our study, we conclude that a density of 8 RS per RB pair achieves the required overhead vs. performance trade-off.  Therefore, we recommend to adopt the Pattern 8_c in [2] (Pattern 2 in this contribution) as DRS pattern for normal CP. For extended CP, two patterns slightly modified from the recommended pattern for normal CP are proposed. 
2 RS density required
To determine the RS density required for Dedicated RS we consider five different RS patterns, with densities ranging from 6 to 12 RS per RB pair.  These are shown in Figure 1 below. It should be mentioned here that pattern 2 is the structure-1 proposed in [3] and pattern 8_c proposed in [2]. Pattern 4 is the pattern 12_c proposed in [2]. Pattern 5 is the structure-2 proposed in [3]
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Figure 1 Mapping of downlink UE-specific reference signals (frame structure type 1, normal cyclic prefix).

We simulated the five patterns for a variety of code rates.  We consider channel assignments of 1, 2 and 5 consecutive RBs, and assume that interpolation of channel estimates is possible between neighbouring RBs for more than one consecutive RB assigned .  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.
We evaluate the different patterns in two ways, first we keep a constant code rate over the different patterns and examine the goodput.  These results are presented in Figure 2-Figure 7.  Secondly we do rate match so the same number of info bits are transmitted for each pattern, we then consider what SNR is required to achieve a 10% BLER.  The results of that simulation are tabulated in 

Table 2
-Table 4.Table 1: Simulation parameters
	Bandwidth
	5 MHz

	Channel model
	GSM TU, 3km/h, 30 km/h

	Number of Tx antenna
	1 

	Number of Rx antenna
	2

	Channel Estimation
	2D weiner filer assuming known long term 2nd order statistics 

	Coding
	Release 6 Turbo Code

	CP size
	Short

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

Examining the goodput figures above we see that the best performance depends on both the number of RB assigned and MCS used.  When a single RB Pair 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 Pair.  Similar results are seen when 2 RB pairs are assigned to a UE, as seen in Figure 3, and Figure 6, with all RS densities performing similarly and a very small gain of higher densities over 6RS per RB pair.  When 5 RB pairs have been assigned we see small performance gains for 8 RS per RB pair over either 6, 10 or 12 RS per RB pair over a wide range of MCS. 

Let us now consider the case where rate matching is used to equalize the effect of different pilot densities.  These are displayed in Table 2-Table 4, where patterns with the best performance are highlighted in each case.  Examining Table 2-Table 4 we can rule out Pattern 4 as Pattern 5 has superior performance in all scenarios while having the same RS density.  Depending on the scenario the best performance is achieved by Pattern 2, Pattern 3 or Pattern 5.   
When we consider all the scenarios together as shown in 
Table 5
 we see that pattern 2 has the most consistent performance.   As these simulations assume a TU channel which is quite frequency selective we believe that we should err on the side of lower pilot densities and thus Pattern 2, with a density of 8 RS per RB pair is our preferred pattern.

Table 2 : Performance relative to Pattern 1 in SNR [dB] at 10% BLER with rate matching 1 RB pair assigned
	Model
	Rate
	Pattern 1
6RS per RB pair
	Pattern 2
8RS per RB pair
	Pattern 3
10RS per RB pair
	Pattern 4
12 RS per RB pair
	Pattern 5
12RS per RB pair

	TU 3 km/h 
1 RB pair assigned
	QPSK 1/3
	0.00
	-0.33
	-0.46
	-0.38
	-0.64

	
	QPSK 2/3
	0.00
	-0.60
	-0.53
	-0.31
	-0.35

	
	16 QAM ½ 
	0.00
	0.01
	-0.25
	-0.32
	-0.46

	
	64 QAM ½
	0.00
	-0.41
	-0.51
	-0.49
	-0.77

	
	64 QAM ¾
	0.00
	-0.41
	0.85
	-0.06
	-0.08

	TU 30 km/h
 1 RB pair assigned
	QPSK 1/3
	0.00
	-0.36
	-0.53
	-0.44
	-0.75

	
	QPSK 2/3
	0.00
	-0.45
	-0.43
	-0.24
	-0.37

	
	16 QAM ½ 
	0.00
	0.03
	-0.23
	-0.38
	-0.43

	
	64 QAM ½
	0.00
	-0.45
	-0.58
	-0.77
	-0.92

	
	64 QAM ¾
	0.00
	-0.20
	1.15
	-0.09
	-0.14


Table 3 : Performance relative to Pattern 1 in SNR [dB] at 10% BLER with rate matching 2 RB pair assigned
	Model
	Rate
	Pattern 1
6RS per RB pair
	Pattern 2
8RS per RB pair
	Pattern 3
10RS per RB pair
	Pattern 4
12 RS per RB pair
	Pattern 5
12RS per RB pair

	TU 3 km/h 
2 RB pair assigned
	QPSK 1/3
	0.00
	-0.36
	-0.59
	-0.41
	-0.53

	
	QPSK 2/3
	0.00
	-0.06
	0.00
	-0.14
	-0.20

	
	16 QAM ½ 
	0.00
	0.07
	0.07
	-0.04
	-0.17

	
	64 QAM ½
	0.00
	-0.34
	-0.31
	-0.42
	-0.39

	
	64 QAM ¾
	0.00
	0.18
	0.83
	0.64
	0.85

	TU 30 km/h
 2 RB pair assigned
	QPSK 1/3
	0.00
	-0.33
	-0.63
	-0.51
	-0.51

	
	QPSK 2/3
	0.00
	-0.03
	0.07
	0.04
	-0.29

	
	16 QAM ½ 
	0.00
	0.03
	0.00
	-0.04
	-0.24

	
	64 QAM ½
	0.00
	-0.30
	-0.36
	-0.55
	-0.53

	
	64 QAM ¾
	0.00
	0.10
	0.81
	0.55
	0.70


Table 4 : Performance relative to Pattern 1 in SNR [dB] at 10% BLER with rate matching 5 RB pair assigned
	Model
	Rate
	Pattern 1
6RS per RB pair
	Pattern 2
8RS per RB pair
	Pattern 3
10RS per RB pair
	Pattern 4
12 RS per RB pair
	Pattern 5
12RS per RB pair

	TU 3 km/h 
5 RB pair assigned
	QPSK 1/3
	0.00
	-0.25
	-0.30
	-0.33
	-0.38

	
	QPSK 2/3
	0.00
	-0.13
	-0.21
	-0.13
	-0.05

	
	16 QAM ½ 
	0.00
	0.06
	0.08
	0.08
	-0.01

	
	64 QAM ½
	0.00
	-0.14
	-0.17
	-0.14
	-0.07

	
	64 QAM ¾
	0.00
	0.17
	1.29
	1.35
	1.37

	TU 30 km/h
5 RB pair assigned
	QPSK 1/3
	0.00
	-0.17
	-0.35
	-0.37
	-0.39

	
	QPSK 2/3
	0.00
	-0.18
	-0.19
	-0.15
	-0.11

	
	16 QAM ½ 
	0.00
	0.02
	-0.01
	0.01
	-0.09

	
	64 QAM ½
	0.00
	-0.17
	-0.10
	-0.13
	-0.14

	
	64 QAM ¾
	0.00
	0.16
	1.32
	1.31
	1.33


Table 5 : Average performance relative to Pattern 1 in SNR [dB] at 10% BLER with rate matching for all scenarios considered

	Pattern 1
6RS per RB pair
	Pattern 2
8RS per RB pair
	Pattern 3
10RS per RB pair
	Pattern 4
12 RS per RB pair
	Pattern 5
12RS per RB pair

	 0   
	-0.1616   
	-0.0087   
	-0.0947   
	-0.1582


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.  The advantage of using the similar pattern as common RS for dedicated RS is it will allow UE to re-use the same channel estimation function block for channel estimation based on either common RS or dedicated RS
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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 DRS are not used for demodulating the control channel, the location of the DRS can be dependent on the size of the control channel.  We therefore propose two different DRS 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 DRS 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).

4 Conclusion

In this contribution the optimal density and patterns for the DRS were studied through simulation.  We showed that pattern 2 (Pattern 8_c in [2]) in figure 1, with an overhead of 8 RS per RB pair achieves the best tradeoff between overhead and complexity.  We therefore propose that pattern 2 in figure 1 should be adopted into the standard as DRS for normal CP. For extended CP, two DRS patterns slightly modified from Pattern-2 in figure 1 are shown in Figure 9 considering different sizes of control channel, the right pattern in figure 9 can be a good candidate as DRS pattern for extended CP if a single pattern is preferred 
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