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1. Introduction
In RAN1 #72, some conclusions have been achieved [1]:
Conclusion:

· RAN1 will study further the different alternatives, including studying the benefits of new DMRS patterns on the NCT  

· Study should consider both PDSCH and EPDCCH
· Study should consider any possible impact on CSI-RS 

· May also take into account hypothetical impact on PBCH

· Study should at least include macro scenario; reduction of DMRS overhead is out of scope of this study. 
· Aim to conclude the study by RAN1#73
· Discuss details of simulation assumptions offline during this week – revisit on Friday (email approval after the meeting if not agreeable on Friday) – Fredrik (HW) - R1-130742
· Only DMRS patterns that do not collide with Rel-8 positions of PSS/SSS will be considered 

· Baseline enhanced DMRS pattern to be provided

· Other DMRS patterns for evaluation may be submitted until 22nd February. 

· Decision on handling of collisions with PSS/SSS after study has concluded
· If it is agreed to adopt a new DMRS pattern, the other alternatives will not be considered further
After RAN1 #72, some candidate DM-RS patterns were proposed following the email discussion [72-10], [2]-[6]. In this paper, some DM-RS evaluation results for PDSCH demodulation are provided. 
2. Evaluation for PDSCH demodulation
Before RAN1 #72bis, some candidate DM-RS patterns were put forward for LTE FDD with normal CP. Seven of them are considered in this contribution as shown in Appendix B. Pattern 1 proposed by [5] and [7] has been agreed as a baseline pattern. Pattern 2 and pattern 3 were proposed by [3] and [2], respectively. The proposal [4] provided the last four patterns. All of these patterns just change the positions of DM-RS in time domain. The DM-RS REs are still located in two OFDM symbol groups, each of them containing two adjacent OFDM symbols. Considering the locations of the DM-RS OFDM symbols, 7 candidate patterns can be divided into three groups:
· Group 1: pattern 1 and pattern 2.
· Pattern 1 and pattern 2 have only one different DM-RS OFDM symbol.
· Group 2: pattern 3, pattern 4, pattern 6 and pattern 7.
· The interval between two DM-RS OFDM symbol groups is more than 8 OFDM symbols. (The interval in the Rel-10 DM-RS is 5 OFDM symbols.)
· Group 3: pattern 5
· Pattern 5 is a time-shifted version of the Rel-10 DM-RS, so the performance would be similar to Rel-10 DM-RS’s.
All these patterns are evaluated under EPA and ETU channels. The simulation conditions, which were agreed in [7], are listed in Appendix A. To simplify the analyses, only the results of pattern 1, pattern3, pattern5 and pattern 7 are given in this paper, as shown in Table 1 - 3.
Table 1 Spectrum efficiency (bps/Hz)
(EPA 3km/h, medium antenna correlation)
	
	SNR(dB)

	
	0
	5
	10
	15
	20
	25
	30

	Pattern1
	0.84 
	1.55 
	2.51 
	3.19 
	3.64 
	4.35 
	5.42 

	Pattern3
	0.84 
	1.55 
	2.51 
	3.18 
	3.64 
	4.35 
	5.45 

	Pattern5
	0.84 
	1.55 
	2.51 
	3.19 
	3.64 
	4.34 
	5.37 

	Pattern7
	0.84 
	1.55 
	2.51 
	3.19 
	3.64 
	4.35 
	5.46 


Table 2 Spectrum efficiency (bps/Hz)
(ETU 30km/h, medium antenna correlation)
	
	SNR(dB)

	
	0
	5
	10
	15
	20
	25
	30

	Pattern1
	0.28 
	0.54 
	0.88 
	1.55 
	1.75 
	2.29 
	3.09 

	Pattern3
	0.28 
	0.54 
	0.89 
	1.61 
	1.81 
	2.42 
	3.41 

	Pattern5
	0.28 
	0.53 
	0.86 
	1.52 
	1.71 
	2.19 
	2.93 

	Pattern7
	0.28 
	0.54 
	0.90 
	1.61 
	1.83 
	2.48 
	3.47 


Table 3 Spectrum efficiency (bps/Hz)
(ETU 120km/h, low antenna correlation)
	
	SNR(dB)

	
	0
	5
	10
	15
	20
	25
	30

	Pattern1
	0.23 
	0.45 
	0.68 
	1.17 
	1.71 
	3.17 
	5.33 

	Pattern3
	0.23 
	0.47 
	0.73 
	1.26 
	1.87 
	3.32 
	5.20 

	Pattern5
	0.22 
	0.43 
	0.65 
	1.09 
	1.51 
	2.51 
	4.09 

	Pattern7
	0.23 
	0.47 
	0.74 
	1.26 
	1.83 
	3.12 
	4.76 


It can be seen that there is no obvious performance difference among these patterns under EPA channel with the speed of 3km/h. The best patterns under ETU channel with 30km/h are pattern 7 and pattern 3. It is because that the number of REs over which channel responses are estimated by interpolation in pattern 3 and pattern 7 is larger than that in pattern 1. However, as the speed increases to 120km/h, the performance of pattern 7 gets worse, the reason of which may be that two DM-RS OFDM symbol groups are too far apart to track the variation of channel in time domain when the speed is high. Although the performance of pattern 3 becomes worse at 30dB as well, it is still similar to that of pattern 1. In almost all cases, pattern 5 performs the worst. According to our simulation results not shown here, pattern 2 has almost the same performance as that of pattern 1. The performance of pattern 4 and pattern 6 are comparable to that of pattern 3.
Another important factor to be taken into account when designing new DM-RS for NCT is the impact on existing reference signals, e.g. PSS/SSS and CRS. For TDD, Pattern 3 and pattern 6 collide with SSS signal. And pattern 4 overlaps with two CRS-symbols. A unified DM-RS pattern for both TDD and FDD is beneficial to the consistency of specifications, while different patterns optimized for FDD and TDD respectively should be justified by sufficient gains. 
Proposal: Pattern 3, pattern 4 and pattern 6 could be candidates for the DM-RS pattern in NCT.
3. Conclusions
This contribution provides the evaluation results of the candidate DM-RS patterns proposed by [2]-[5]. Pattern 3, and the similar pattern 4 and pattern 6 could be considered as the DM-RS pattern in NCT.
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Pattern 3
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Pattern 4
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Pattern6


Figure 1 Patterns 3, 4 and 6
References
[1] RAN1 #72 chairman notes.
[2] R1-130833 “Evaluation of DM-RS patterns”, Ericsson, ST-Ericsson, RAN1 #72.
[3] R1-130830 “DMRS design for NCT”, Hitachi, RAN1 #72.
[4] R1-130834 “Candidate DM-RS Patterns for New Carrier Type”, LG Electronics, RAN1 #72.
[5] R1-130835 “Proposals on DMRS enhancements for NCT”, CATT, RAN1 #72.
[6] R1-130829 “Enhanced DM-RS pattern for NCT”, New Postcom, RAN1 #72.
[7] R1-130742 “Simulation Assumptions for DM-RS Pattern in NCT”, Huawei, HiSilicon, RAN1 #72.
Appendix A: 
Table 4 Simulation assumptions
	Parameters
	Values

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	EPA(3kmph), ETU(30kmph), ETU(120kmph)

	CP length
	Normal CP

	Location and number of PDSCH RBs
	Fixed(#0~#5), 6PRBs

	Transmission mode
	TM9

	Number of Antennae
	2*2

	Antenna correlation
	Medium (3kmph/30kmph), Low (120kmph)

	Rank
	Adaptive rank selection

	Number of PDCCH symbols
	0

	Overhead assumption
	No PSS/SSS/CRS/CSI-RS for all subframes 

12 REs/PRB for DMRS

	DM-RS ports
	port 7, port 8

	Channel Estimation for DM-RS
	2D-MMSE(no combinations in time domain or in frequency domain)

	CSI feedback
	Ideal

	HARQ for PDSCH
	No HARQ

	Modulation and coding scheme for PDSCH
	Adaptive MCS

	Precoding
	Adaptive precoding 

	Feedback delay
	5 ms


Appendix B: 
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Figure 2 Pattern 1 (baseline)
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(a) Pattern 2
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(b) Pattern 3
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(c) Pattern 4
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(d) Pattern 5
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(e) Pattern 6
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(f) Pattern 7


Figure 3 Pattern 2 - Pattern 7
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