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1. Introduction

In the RAN1#72 meeting, the following decisions were made regarding the introduction of a new DL DMRS pattern for new carrier type (NCT):
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

Note: NCT should be able to be operated on both macro and small cells. Target speeds are same as were assumed for LTE Rel-8.

Based on the above-mentioned decision, different companies provided baseline DMRS patterns for evaluation in the email reflector [1]. In this contribution, we present link level evaluations of different DMRS patterns and our views on the new DMRS patterns for NCT. 


2. Discussions
As a general design principle, the proposals show the same DMRS overhead for NCT as in Rel-11. In considering a new DMRS pattern, a single PRB-based channel estimation was assumed since the PRB bundling or inter-subframe interpolation is not always available. 

Intuitively, it may be desirable that DMRS REs are located at edge of the PRB to avoid the band-edge distortion of channel estimation. However, given the limited overhead of DMRS, we would also need to take the frequency and time selectivity into account.

Figure 1 depicts several proposals and the Rel-10 DMRS pattern in FDD. The collision with the existing signals such as PSS/SSS/CSI-RS/CRS port 0 also needs to be considered in designing DMRS. In Table 2 in the Appendix, we listed potential collisions with these signals for some of the proposals in case of FDD. Based on the analysis, the patterns by Ericsson and LG-P5 can avoid the existing signals of PSS/SSS/CRS/CSI-RS. However, all DM RS patterns have the potential collisions with the existing signals for TDD as shown in Table 3 in the Appendix.
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(h) Hitachi Ltd.                          
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	Figure 1 DM RS patterns for simulation (FDD)


Observation: The patterns by Ericsson and LG-P5 can avoid the existing signals of PSS/SSS/CRS/CSI-RS for FDD. However, all DM RS patterns have the potential collisions with the existing signals for TDD. No common solution for FDD and TDD is found that can avoid collisions with existing signals of PSS/SSS/CRS/CSI-RS.


3. Evaluation Results
The link level simulations were performed based on the agreed simulation assumptions in [1]. The exact simulation parameters were provided in Table 1 in the Appendix. The results for EPA 3km/h with medium antenna correlation, ETU 30km/h with medium antenna correlation, and ETU 120km/h with low antenna correlation at 2GHz carrier frequency are presented. The performances for both EPDCCH and PDSCH were evaluated. For PDSCH simulation in the case of fixed modulation, simulation results for transmission mode 9 and modulation and coding schemes QPSK 1/3, 16-QAM 1/2 and 64-QAM 3/4 are presented.

Figure 2 (a), (b) and (c) show the BLER performances for EPDCCH with the different aggregation levels under EPA 3km/h with medium antenna correlation, ETU 30km/h with medium antenna correlation, and ETU 120km/h with low antenna correlation, respectively. It is observed that there is no noticeable difference among the DM RS patterns.
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(a) EPA 3km/h, Medium Correlation
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(b) ETU 30km/h, Medium Correlation
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(c) ETU 120km/h, Low Correlation

Figure 2 EPDCCH simulation results

	


Observation: For EPDCCH, there is no noticeable performance difference between the new and existing DMRS patterns.
Figure 3 shows the BLER performance for initial PDSCH transmission with rank-1 and we observe at most 0.5dB SNR gain at 10% BLER with new DM RS pattern over Rel-10 DM RS pattern. 
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(c)
Figure 3 BLER performances with rank-1 transmission (initial transmission only)


	Figure 4 shows the BLER performance for initial PDSCH transmission with rank-2 and we observe some noticeable SNR gain over Rel-10 pattern under the following cases:

· 1dB and 1.5dB SNR gain under ETU 30km/h with 16-QAM and 64-QAM, respectively

· 1dB SNR gain under ETU 120km/h with 16-QAM
· Noticeable gain (more than 4dB SNR) under ETU 120km/h with 64-QAM
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(c)
Figure 4 BLER performances with rank-2 transmission (initial transmission only)

	


Figure 5 shows the achievable throughput performances applying link adaptation with HARQ operation. While there is no noticeable performance difference between the new DMRS patterns and Rel-10 pattern under EPA 3km/h and ETU 30km/h, a quite large improvement with new DM RS pattern is found under ETU 120km/h at very high SNR (>25dB) by up to 11%.
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(c)
Figure 5 Throughputs with link and rank adaptation

	


Observation: The throughput improvement of around 11% from the patterns by Huawei, CATT, Ericsson, LG-P3, LG-P5, and Hitachi can be found under ETU 120km/h at very high SNR.



4. Summary
This contribution discussed and evaluated the new DM RS patterns. From the discussions and simulation results, our observations are summarized as below:
Observation: The patterns by Ericsson and LG-P5 can avoid the existing signals of PSS/SSS/CRS/CSI-RS for FDD. However, all DM RS patterns have the potential collisions with the existing signals for TDD. No common solution for FDD and TDD is found that can avoid collisions with existing signals of PSS/SSS/CRS/CSI-RS.
Observation: For EPDCCH, there is no noticeable performance difference between the new and existing DMRS patterns.
Observation: The throughput improvement of around 11% from the patterns by Huawei, CATT, Ericsson, LG-P3, LG-P5, and Hitachi can be found under ETU 120km/h at very high SNR.
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Appendix
Table 1 Simulation Parameters

	Parameter
	Setting

	Carrier frequency 
	2 GHz

	Transmission bandwidth
	5 MHz

	Channel model, Antenna Correlation
	EPA 3km/h, Medium Correlation

ETU 30km/h, Medium Correlation 

ETU  120km/h, Low Correlation

	CP length
	Normal CP

	PRB location and number of PDSCH RBs for scheduling
	Fixed, 6 PRBs

	Transmission mode
	TM9

	Antenna configuration
	2 TX, 2 RX

	Rank
	1 and 2
Rank Adaptation

	PDSCH/EPDCCH starting symbol
	0

	Overhead assumption
	No PSS/SSS/CRS/CSI-RS for subframes containing PDSCH
12 REs/PRB for DMRS

	CSI feedback
	CSI-RS based

	Feedback delay
	8ms

	HARQ for PDSCH
	No HARQ

Up to 4 transmission

	Adaptive modulation and coding for PDSCH
	Fixed
Adaptive

	EPDCCH set size
	4 PRBs, equally spaced 6 PRBs apart

	EPDCCH transmission
	Distributed

	Aggregation level for EPDCCH
	1, 2, 4, 8

	EVM
	0%


Table 2: Potential collision of proposed DMRS patterns with other signals FDD

	Company
	Time symbol positions of DMRS
	Potential collision

	Huwawei, HiSilicon
CATT
	2, Slot 0
	 

	
	3, Slot 0
	 

	
	2, Slot 1
	CSI-RS

	
	3, Slot 1
	CSI-RS

	LG Electronics Pattern 3
	0, Slot 0
	CRS Port 0

	
	1, Slot 0
	 

	
	4, Slot 1
	CRS Port 0

	
	5, Slot 1
	 

	LG Electronics Pattern 4
 
 
	0, Slot 0
	CRS Port 0

	
	1, Slot 0
	 

	
	0, Slot 1
	CRS Port 0

	
	1, Slot 1
	

	LG Electronics Pattern 6
	0, Slot 0
	CRS Port 0

	
	1, Slot 0
	 

	
	5, Slot 1
	 

	
	6, Slot 1
	 

	Hitachi Ltd
	1, Slot 0
	 

	
	2, Slot 0
	 

	
	2, Slot 1
	CSI-RS

	
	 3, Slot 1
	 CSI-RS


Table 3: Potential collision of proposed DMRS patterns with other signals TDD (for subframes other than subframe 1 and 6)
	Company
	Time symbol positions of DMRS
	Potential collision

	Huwawei, HiSilicon

CATT

 
 
 
	2, Slot 0
	 

	
	3, Slot 0
	 

	
	2, Slot 1
	CSI-RS

	
	3, Slot 1
	CSI-RS

	Ericsson, ST-Ericsson

 

 
 
 
	1, Slot 0
	 

	
	2, Slot 0
	 

	
	5, Slot 1
	 

	
	6, Slot 1
	 SSS

	LG Electronics Pattern 3

 
 
 
	0, Slot 0
	CRS port 0

	
	1, Slot 0
	 

	
	4, Slot 1
	CRS port 0

	
	5, Slot 1
	 

	LGE TDD reference pattern

 

 

 
	2, Slot 0
	 

	
	3, Slot 0
	 

	
	2, Slot 1
	CSI-RS

	
	3, Slot 1
	CSI-RS

	LG Electronics Pattern 4

 
 
 
	0, Slot 0
	CRS port 0

	
	1, Slot 0
	 

	
	0, Slot 1
	CRS port 0

	
	1, Slot 1
	CSI-RS

	Hitachi Ltd

 
 
 
	1, Slot 0
	 

	
	2, Slot 0
	 

	
	2, Slot 1
	CSI-RS

	
	3, Slot 1
	CSI-RS
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