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1. Introduction
Dedicated reference signals (DRS) pattern for normal CP has been agreed in RAN1#52 Sorrento [1], but the pattern used for extended CP has not been decided. This contribution addresses the design of DRS pattern for extended CP, and some potential principles should be considered:

· Slight modification for normal CP;

· Acceptable RS overhead;

· Reliable system performance for both low and high SNRs
And the other limits which have been discussed for normal CP should also be satisfied:
· Do not occupy the PDCCH resource;

· Do not collided with common RS;

· Every slot has two columns of DRSs, in order to support distributed transmission;
2. Discussion
2.1. Option 1: Almost same pattern as normal CP
In order to minimize the modification, one of the most straightforward options is reusing the existing pattern, with some adjustment in time domain. Because of the lacking of available symbols in time domain in a sub frame, two columns of dedicated RS have to be placed on the neighboring OFDM symbols in first slot, which is shown in Figure 1. Comparing to normal CP case, better detection performance could be obtained by this pattern, but the relative overhead is larger.
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Fig1 Option 1 (Extended CP)
2.2. Option 2: Low time density pattern
Comparing to the normal CP case, there are fewer data REs in the extended case. So using some pattern with fewer RSs in a sub-frame could also guarantee the system performance for extended CP. Cause 2 columns RS in option 1 are neighboring, which has little gain for channel estimation, we present another proportional option, as shown in Fig2. The modification for option 2 is sight, based on the normal CP pattern only need to remove 1 column RS in the first slot. For this option, the RS overhead is less, but the performance for Nd=2 would be worse.
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Fig 2 Option 2 (Extended CP)
2.3. Option 3: Low frequency density pattern
Assuming 
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 is the number of DRS in a sub frame for extended CP, in order to keep the normal and extended pattern have similar system performance, the DRS overhead should be approximate. Considering the general scenario, i.e. PDCCH occupies the first 3 OFDM symbols in a sub-frame, so we have
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So using 8 reference symbols per sub frame for extended CP seems good enough. Based on this analysis, we propose the third pattern shown in Fig 3, which has same time density as option 1 in time domain, but fewer RS symbols in frequency domain. Because the frequency interval is same as common RS (CRS) in this pattern, DRSs and CRSs can occupy the same OFDM symbol with some frequency offset, which only the first column of DRS would meet. Meanwhile, due to the spacing of CRS in frequency domain is 6 sub-carriers, the spacing of DRS is selected as 6 sub-carriers is also enough to match the same channel environment. This option mostly focuses on the effect of RS overhead. Because fewer data symbols need to demodulation for extended CP case, so 8 RS symbols in a sub frame can guarantee the channel estimation precision well at low SNRs, and obtain higher peak throughput.
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Fig 3 Option 3 (Extended CP)
3. Evaluation results
The performances of different patterns are shown in Fig 3-4, and the simulation parameters are given in table 1. Fig 3 shows the performance comparison of localized transmission with low speed, it can be seen the detection performances of these patterns are close at low SNRs; and comparing to option 2 and 3, option 1 would lose approximate 5.73% and 3.9% peak throughput, respectively. For high speed, there is no more detection gains for option 1 at low SNRs, which all the curves are overlapped together, as shown in Fig 4. And the pattern with the lowest DRS overhead would get the biggest peak throughput. So using a low density pattern for extended CP seems to be a good choice based on the whole system performance.
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Fig.3 Throughput for Nd=1 with 3kmph
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Fig.4 Throughput for Nd=1 with 120kmph
4. Conclusion
According to the analysis and simulation results, option 3 which has 8 RS symbols in a sub frame seems to be the best choice of DRS pattern for extended CP.
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Table 1 Simulation parameters 
	Parameter
	Value

	Carrier Bandwidth
	5 MHz

	FFT size
	512

	Propagation channels
	3GPP TU

	UE speed
	3 kmph, 120kmph

	Channel estimator
	2D MMSE 

	Code type
	3GPP turbo code

	Modulation and coding rate
	QPSK 3/4

	# of PRBs
	1

	# of control symbols
	1, 3

	# of TX antennas at Node B
	8

	# of RX antennas at UE
	2

	# of data streams
	1 

	Receiver method
	MMSE

	Transmitter method
	Ideal BF weights
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