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1 Introduction

In RAN1#72 meeting, it was agreed to study new DM-RS patterns to address the collision issue between PSS/SSS and DM-RS [1].
· 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

In the previous meeting, simulation assumptions for evaluation are agreed and various DM-RS patterns are submitted for evaluation [2]-[6].

In this contribution, we present two DM-RS patterns for new carrier type to avoid the conflict with PSS/SSS. To show the performance gain of the proposed DM-RS patterns, performances of PDSCH and EPDCCH transmission are evaluated based on the agreed evaluation assumption. 
2 Proposed DM-RS patterns for new carrier type
2.1 Design considerations
Design considerations to choose DM-RS patterns for new carrier type are

· Desirably, new pattern would not collide with CSI-RS

· New pattern would not collide with PSS/SSS

· Desirably, new pattern would not collide with tracking RS

· Keep Rel-9/10 DM-RS sequences and consider only time-location change
As NCT does not carry legacy PDCCH, a first few symbols can be used for data demodulation and can be used for DM-RS REs. 

2.2 Proposed DM-RS patterns

· Proposed DM-RS pattern 1

As a unified solution for FDD and TDD, we propose a DM-RS pattern shown in Figure 1. To minimize the impact on CSI-RS, while considering performance gain, the proposed DM-RS pattern is located in OFDM symbol #1, #2 in slot 0 and #4, #5 in slot 1.
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Figure 1. Proposed DM-RS pattern 1
· Proposed DM-RS pattern 2

Another candidate of DM-RS location can be OFDM symbol #1, #2 in slot 0 and #5, #6 in slot 1 for FDD case, and OFDM symbol #2, #3 in each slot (i.e. DM-RS pattern for special subframe) for TDD case. 
The time locations for FDD and TDD are not unified in this DM-RS pattern. However, DM-RS location for FDD can maximize the performance gain. Moreover, DM-RS location for FDD case would not collide with both of CSI-RS and tracking RS. In TDD case, the proposed DM-RS location can avoid the collision with tracking RS, but it would reduce usable CSI-RS configurations.
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Figure 2. Proposed DM-RS pattern 2
2.3 Performance evaluation

In this section, we show the performance gain of the proposed DM-RS patterns. To evaluate the performance of various DM-RS patterns for new carrier type, simulation assumption in [7] is agreed in RAN1#72. The detailed simulation assumptions are also specified in Table 1 and 2 in the Annex A.

Evaluated performances of PDSCH and EPDCCH transmission with 120km/h UE mobility are shown in Figure 3 and Figure 4. To evaluate the proposed DM-RS patterns, performances of following four DM-RS patterns are simulated.
· Legacy DM-RS pattern

· Proposed DM-RS pattern 1 in Figure 1

· Proposed DM-RS pattern 2 for FDD in Figure 2

· Proposed DM-RS pattern 2 for TDD in Figure 2 (special subframe DM-RS pattern)
According to the simulation results for PDSCH and EPDCCH transmission with high UE mobility, proposed DM-RS patterns can obtain performance gain about 0.5dB compared to legacy DM-RS pattern, whereas three proposed DM-RS locations do not make much performance difference.

We also obtained more evaluation results for various DM-RS patterns shown in Figure 5 and channel conditions, and these results are attached in Annex B. As shown in these simulation results, the proposed DM-RS patterns would achieve better or similar performance compared with other DM-RS location candidates.
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Figure 3. PDSCH performance with the proposed DM-RS patterns
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Figure 4. EPDCCH performance with the proposed DM-RS patterns
2.4 Remained considerations
The proposed DM-RS patterns in Figure 1 and 2 can achieve improved performance compared to legacy DM-RS pattern and satisfy almost the whole design considerations in section 2.1. Yet, there are some trade-offs in each proposed option as follows.
In the proposed DM-RS pattern 1, one of the remained issue is to address the potential collision between tracking RS and DM-RS in OFDM symbol #4 in slot 1. This problem can be addressed by 1) using the proposed DM-RS pattern 1 only in non-tracking RS subframes, 2) restricting v-shift of tracking RS, or 3) changing the time location of tracking RS (e.g. OFDM symbol #0, #3 for each slot). Another problem can be caused when subframe #6 is used to downlink subframe in TDD case. In this case, DM-RS in OFDM symbol #2 in slot 0 would conflict with PSS in subframe #6. To prevent this issue, subframe #6 can  use the DM-RS pattern used in special subframe (configuration 3, 4, or 8) instead of using normal subframe DM-RS pattern.
In the proposed DM-RS pattern 2, it seems that whole design considerations are satisfied in FDD case. However, in TDD case, some considerations are remained. First, DM-RS in OFDM symbol #2 in slot 0 and PSS in subframe #6 would collide in some U/D configurations. It can be solved simple, by using special subframe DM-RS pattern, as mentioned earlier. One more problem for TDD case is that DM-RS REs in slot 1 would conflict with CSI-RS and thus the usable CSI-RS patterns can be reduced. 
3 Conclusion
In this contribution, two DM-RS patterns are proposed for new carrier type.
· DM-RS pattern 1: DM-RS in OFDM symbol #1, #2 in slot 0 and #4, #5 in slot 1 as a unified solution for FDD and TDD.

· DM-RS pattern 2: DM-RS in OFDM symbol #1, #2 in slot 0 and #5, #6 in slot 1 for FDD case, and OFDM symbol #2, #3 in slot 0 and slot 1 for TDD case.
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5 Annex A
Table 1. Evaluation assumptions for PDSCH transmission
	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

	Transmission mode
	TM9

	Antenna configuration
	2 TX, 2 RX

	Rank
	1

	PDSCH/EPDCCH starting symbol
	The first OFDM symbol

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

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

	CSI feedback
	Ideal

	HARQ for PDSCH
	No

	Adaptive modulation and coding for PDSCH
	No

	Performance metrics for PDSCH
	BLER 


Table 2. Evaluation assumptions for EPDCCH transmission
	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

	Antenna configuration
	2 TX, 2 RX

	PDSCH/EPDCCH starting symbol
	The first OFDM symbol

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

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

	EPDCCH set size
	4 PRBs, equally spaced 6 PRBs apart 

	EPDCCH transmission
	Distributed

	DCI format
	1A

	Aggregation level
	1, 2, 4, 8 

	Performance metrics for PDSCH
	BLER 
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Figure 5. DM-RS patterns for evaluation
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Figure 6. PDSCH performance of various DM-RS patterns with ETU 120km/h channel
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Figure 7. PDSCH performance of various DM-RS patterns with ETU 30km/h channel
[image: image8.emf]1.00E-02

1.00E-01

1.00E+00

-4 -3 -2 -1 0 1 2 3 4 5 6 7

BLER

SNR

2 x 2, 1 layer, EPA 3km/h, MCS 7

Legacy (5,6/5,6)

Pattern 1 (1,2/4,5)

Pattern 2 -FDD (1,2/5,6)

Pattern 2 -TDD (2,3/2,3)

Pattern 3 (0,1/4,5)

Pattern 4 (0,1/0,1)

Pattern 5 (2,3/5,6)

Pattern 6 (0,1/5,6)

Pattern 7 (1,2/2,3)

Pattern 8 (2,3/4,5)


Figure 8. PDSCH performance of various DM-RS patterns with EPA 3km/h channel
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Figure 9. EPDCCH performance of various DM-RS patterns with ETU 120km/h channel
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Figure 10. EPDCCH performance of various DM-RS patterns with ETU 30km/h channel
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Figure 11. EPDCCH performance of various DM-RS patterns with EPA 3km/h channel
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