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1. Introduction

This contribution responds to the request made in RAN1 #72 for the further study of benefit of new DMRS patterns on NCT, and focuses on the performance evaluations of proposed DMRS patterns in different deployment scenarios, especially the co-channel scenario between NCT and backward-compatible carrier type (BCT).     
2. Studied DMRS patterns for NCT/FDD
Various DMRS patterns for NCT were proposed ([2]~ [7]) for evaluation purpose. These proposed patterns can be summarized as following at least for FDD with normal-CP:

1) CDM-T based pattern obtained by shifting in time domain the Rel-10 DMRS pattern in one slot for certain amount of OFDM symbols, where the number of shifted symbols in two slots can be different. To be more specific, 

· The pair of adjacent DMRS symbols in 1st slot can be mapped to symbols {0,1}([6]), {1,2} ([4]

 REF _Ref352182507 \r \h 
 \* MERGEFORMAT [5]) or {2,3}([2][6][7]); 

· The pair of adjacent DMRS symbols in 2nd slot can be mapped to symbols {2,3}([2][4][7]) or {5,6}([5]

 REF _Ref352182609 \r \h 
 \* MERGEFORMAT [6]). 
2) CDM-F based pattern, which consumes only one OFDM symbol (the 2nd symbol) per slot [3]. Comparing to Rel-10 DMRS pattern, this proposal results in the similar number of OFDM symbols within the range of extrapolation of channel estimation, and meanwhile requires UE to implement two fundamentally different sets of hardware for DMRS-based channel estimation. The proposal seems to aim at only the solution for collision between DMRS and PSS/SSS. This contribution does not include this proposed pattern into performance evaluation.   
This contribution focuses on the performance evaluations based on the four DMRS patterns in Figure 1. 
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Figure 1 Studied DMRS patterns for FDD/NCP
3. Evaluation results
The simulation assumptions are listed in Appendix, most of which follow [2] except the performance metric. 
3.1. Evaluation without co-channel interference from PDCCH/CRS on BCT
Firstly, the performance comparison assumes no co-channel BCT. The spectrum efficiency and MSE of channel estimation are given in Figure 2, Figure 3 and Figure 4 for various UE speeds. These results show that:
·   At low UE speed (3km/hr), there is almost no performance difference among tested DMRS patterns;
·   At medium UE speed (30km/hr), the overall performance differences among tested DMRS patterns are still minimal in terms of change of percentage. 

·   At high UE speed (120km/hr), the performance among different DMRS patterns are still similar in the range of low SNR (up to 15dB). When SNR goes high, 
· the performance of Rel-10 pattern starts to fall behind other patterns by up to 1; 
· among new DMRS patterns, patterns {1,2,3} have similar performance all the time, and meanwhile they perform better than pattern-4 at high end of SNR. 

Observation-1: In case of no co-channel interference from PDCCH/CRS of BCT, the new DMRS patterns offer better performance than Rel-10 DMRS pattern only when UE speed is high and SNR is also high.  
3.2. Evaluation with co-channel interference from PDCCH/CRS on BCT 
Once the backward compatible carrier (BCT) is deployment as co-channel with NCT, the interferences from CRS and PDCCH would overlap onto DMRS in the DMRS patterns in Figure 1. Such interference cannot be turned off and therefore should be considered in design of new DMRS pattern on NCT.  In the evaluation of this interference impact, it is assumed that

·   the receiving power offset between NCT signal and BCT CRS/PDCCH is among {-3, 0, 3}dB;

·   Two CRS ports are used on BCT.   
With co-channel interference from CRS/PDCCH on BCT, the spectrum efficiency and MSE of channel estimation on NCT are given in Figure 5, Figure 6 and Figure 7 for low-to-high UE speeds. These results show that the DMRS patterns in Figure 1 have worse performance than Rel-10 DMRS pattern regardless of UE speed and range of SNR.
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Figure 2 Performance w/o co-channel CRS/PDCCH (EPA 3km/hr) 
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Figure 3 Performance w/o co-channel CRS/PDCCH (ETU 30km/hr) 

[image: image9.emf]0 5 10 15 20 25 30

0

1

2

3

4

5

6

SNR (dB)

SE (bit/Hz/s)

Spectrum efficiency ETU 120km/hr

Rel-10 pattern

Pattern-1     

Pattern-2     

Pattern-3     

Pattern-4     

 [image: image10.emf]0 5 10 15 20 25 30

10

-3

10

-2

10

-1

10

0

SNR (dB)

MSE

Channel estimation MSE ETU 120km/hr

Rel-10 pattern

Pattern-1     

Pattern-2     

Pattern-3     

Pattern-4     


Figure 4 Performance w/o co-channel CRS/PDCCH (ETU 120km/hr) 
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Figure 5 Performance with co-channel CRS/PDCCH (EPA 3km/hr)
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Figure 6 Performance with co-channel CRS/PDCCH (ETU 30km/hr)
[image: image15.emf]0 5 10 15 20 25 30

0

0.5

1

1.5

SNR (dB)

SE (bit/Hz/s)

Spectrum efficiency ETU 120km/hr

Rel-10 pattern, CRE=3dB 

Rel-10 pattern, CRE=0dB 

Rel-10 pattern, CRE=-3dB

Pattern-3, CRE=3dB      

Pattern-3, CRE=0dB      

Pattern-3, CRE=-3dB     

[image: image16.emf]0 5 10 15 20 25 30

10

-3

10

-2

10

-1

10

0

SNR (dB)

MSE

Channel estimation MSE ETU 120km/hr

Rel-10 pattern, CRE=3dB 

Rel-10 pattern, CRE=0dB 

Rel-10 pattern, CRE=-3dB

Pattern-3, CRE=3dB      

Pattern-3, CRE=0dB      

Pattern-3, CRE=-3dB     


Figure 7 Performance with co-channel CRS/PDCCH (ETU 120km/hr)
Observation-2: With co-channel interference from PDCCH/CRS of BCT, the new DMRS patterns have worse performance than Rel-10 DMRS pattern regardless of UE speed and range of SNR.

4. Conclusions
The performance evaluation shows that:
·   In case of no co-channel interference from PDCCH/CRS of BCT, the new DMRS patterns offer better performance than Rel-10 DMRS pattern only when UE speed is high and SNR is also high.
·   With co-channel interference from PDCCH/CRS of BCT, the new DMRS patterns have worse performance than Rel-10 DMRS pattern regardless of UE speed and range of SNR.
Given above simulation observation, it is proposed not to adopt any new DMRS patterns for NCT, and to keep using Rel-10 DMRS pattern.    
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Appendix. Simulation assumptions
	Parameter
	Setting

	Carrier frequency 
	2 GHz 

	Transmission bandwidth
	5 MHz

	Channel model
	EPA 3km/h, ETU 30km/h, ETU  120km/h

	CP length
	Normal CP

	Location  and number of PDSCH RBs
	Fixed, 6 PRBs[10,11,12,13,14,15]

	Transmission mode
	TM9

	Antenna configuration
	2 TX, 2 RX

	Rank adaption
	Yes

	PDSCH/EPDCCH starting symbol
	The first OFDM symbol

	PDCCH Modulation Type
	QPSK

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

12 REs/PRB for DMRS

	DMRS Estimation
	2DMMSE

	Antenna correlation [1]
	 Medium correlation (3, 30 km/h), Low (120 km/h)

	CSI estimation
	CSI-RS Resource Ideal Estimation

	The receiving power offset between NCT signal and BCT CRS/PDCCH
	-3dB，0dB，3dB

	CSI feedback delay
	5ms

	CSI feedback period
	5ms

	HARQ for PDSCH 
	No 

	Adaptive modulation and coding for PDSCH 
	Yes

	Performance metrics for PDSCH 
	Spectral efficiency/DMRS MSE
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