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1. Introduction

In RAN1 Session #72, it has been concluded to evaluate the benefits of new DL DMRS pattern in NCT by RAN1 Session #73 and the following conclusion is agreed for the evaluation.
· 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) [1]
· 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 this document, we first provide the suggested design considerations for new DMRS pattern and then compare the performance of different DMRS patterns together with discussion.  Proposals are summarized in the conclusion section.


2. Design Considerations for DMRS Pattern
According to the discussion in RAN1, the original motivation to have new DMRS pattern is to resolve the collision issue with PSS/SSS within middle 6 PRB pairs of subframe #0 and #5 in FDD and subframe #0, #1, #5 and #6 in TDD.  Other methods, such as puncturing DMRS and changing PSS/SSS location, are proposed to resolve the same issue as well.  In last meeting, it was agreed to conduct the evaluation of the benefits to have new DMRS pattern in Release 12 NCT.  Based on our understanding, new DMRS pattern will be applied to all normal subframes in NCT for both FDD and TDD if it is agreed that new DMRS pattern is introduced in Release 12.  Therefore, we suggest to have the following design considerations for new DMRS pattern to both resolve the collision issue with PSS/SSS and enjoy performance enhancement with limited UE complexity increase.  Figure 1 and 2 illustrate the locations of all reference signals and reserved REs for inter-cell interference (ICI) avoidance to PCFICH and PHICH, except DMRS and CRS on a legacy carrier.
1. Avoid or minimize collision with PSS/SSS, CSI-RS, PRS
· New DMRS pattern should consider the collision avoidance with other reference signals
· Avoid the collision with PSS/SSS and all of CSI-RS configurations

· Strive to minimize the collision with PRS
2. Minimize the interference to control region of neighboring cells using legacy carrier, especially for PCFICH and PHICH
· Since different small cells may apply different carrier types, either legacy carrier type (LCT) or new carrier type (NCT), in the small cell deployment, it’s better for new DMRS pattern to consider minimized ICI from small cells using NCT to small cells using LCT
· First one or two OFDM symbols in a subframe can be considered for avoidance
3. Support interpolation, instead of extrapolation, for channel estimation on REs within a PRB pair as many as possible
· For better channel estimation performance, extrapolation should be avoided as much as possible for new DMRS design
4. Support the best performance for all UE mobility

· Since new DMRS pattern will be applied in all normal subframes, the performance should outperform legacy one in any UE mobility
5. Unified DMRS pattern for normal subframes in both TDD and FDD

· For minimized impact to UE complexity, a unified DRMS pattern at least for normal subframes in both FDD and TDD systems is preferred
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Figure 1   Location of reference signals and reserved REs for ICI avoidance to PCFICH and PHICH in the case of normal CP
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Figure 2   Location of reference signals and reserved REs for ICI avoidance to PCFICH and PHICH in the case of extended CP
3. Performance Comparison and Discussion
After RAN1session #72, there are a lot of discussions about new DMRS patterns for NCT in email thread [72-10] and companies submit their proposals for evaluation. In this section, PDSCH BLER performance of different DMRS patterns, including R11 and new ones, are compared. DMRS pattern candidates for evaluation, which are proposed in [1], [2], [3] and [4], are shown in Figure 3. The simulation assumptions can be referred to Table 1 in Appendix. 
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Figure 3  New DMRS Pattern Candidates for NCT
Figure 4 compares BLER performance of PDSCH for different DMRS patterns with ETU 3km/h. It can be observed that there is not much performance difference among proposed DMRS patterns. Basically, almost identical performance is observed for Pattern 1 and 2, and both of them outperform Pattern 3 by about 0.2dB due to the extrapolation at the edge of the 2nd slot for Pattern 3. Further, Pattern 3 and R11 pattern share similar performance. It can be noted that the distance between OFDM symbols containing DMRS is the same in Pattern 3 and R11 pattern.  In case of R11 punctured pattern, which consists of DMRS in OFDM #12 and #13 within 2nd slot only due to the puncturing for the collision avoidance of PSS/SSS in the case of FDD mode, the performance degrades by 0.2dB, compared to R11 pattern. The main reason is that the channel estimation is performed by extrapolation and only two columns of DMRS (OFDM #12 and #13 within second slot) are applied. There is around 0.4 dB gap between Pattern 1 and R11 punctured pattern.  Note that the above comparison is based on 1% BLER performance. 
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Figure 4 BLER performance of PDSCH under different DMRS patterns with ETU 3 km/h
Figure 5 compares BLER performance of PDSCH for different DMRS patterns with ETU 120km/h. Compared with Figure 2, the 1% BLER performance for Pattern 1 and Pattern 2 degrades by 0.7dB due to high mobility, which results in a larger Doppler spread. Pattern 3 and R11 pattern also have a similar performance degration. Moreover, the perforamnce for R11 punctured pattern degrades more seriously by 1dB gap due to a larger Doppler spread, compared to low mobility.  
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Figure 5  BLER performance of PDSCH under different DMRS patterns with ETU 120 km/h.
From the above simulation results, proposed DMRS patterns can provide comparable and even better BLER performance, compared to legacy DMRS pattern. However, one consideration is a unified pattern should be designed for normal subframes in both FDD and TDD systems. Further, the proposed pattern can avoid collision with PSS/SSS, CSI-RS and tracking RS for NCT.  Though Pattern 1 outperforms Pattern 3 about 0.2~0.3dB, Pattern 3 can avoid the collision with PSS/SSS in both FDD and TDD mode. Considering the collision with PBCH and PSS/SSS, Pattern 2 and 3 are preferred, though Pattern 3 will collide with some CSI-RS configurations in case of normal CP. 
Observation #1: Performance rank for different DMRS patterns under lower mobility is shown as follows:

· Pattern 1 and 2 > Pattern 3 and R11 > R11 with puncturing

Observation #2:  Performance rank for different DMRS patterns under high mobility is shown as follows:
· Pattern 1 and 2 > Pattern 3 and R11 > R11 with puncturing
Observation #3: Pattern 2 and 3 can provide comparable performance and a unified DMRS pattern for normal subframe in both FDD and TDD systems. 


4. Conclusion
In this document, BLER of PDSCH for different DRMS patterns is compared.  Based on the observations from simulation results in Section 3, we have the following proposals.
Proposal #1: A unified DMRS pattern should be considered for normal subframes in both FDD and TDD systems if it is agreed to have a new DMRS pattern in NCT.
Proposal #2: Significant throughput improvement should be observed for all UE mobility in both PDSCH and EPDCCH to adopt a new DMRS pattern, compared to legacy DMRS pattern.
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6. Appendix
Table 1    Simulation assumptions

	Parameters
	Value

	System Bandwidth
	10MHz

	Frame structure
	FDD

	CP length
	Normal CP

	PDSCH staring position
	1st OFDM symbol

	Channel model
	ETU 

	Antenna configuration
	2×2

	Transmission mode
	TM9

	Codeword
	1

	Rank
	1

	MCS Index
	14
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