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1. Introduction
In RAN1#72 meeting, extensive discussions on handling the conflict between PSS/SSS and DMRS in NCT were performed, and the following conclusions were drawn[1]:
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Simulation assumptions on the new DMRS pattern in NCT were discussed and some agreements were achieved in the email discussion after meeting. Based on these assumptions, we provide simulation results in this contribution. In addition, the analysis of the new DMRS pattern is included.
2. Discussion on new DM-RS pattern
2.1. Background in RAN1#72

To avoid the collision between the DMRS and PSS/SSS in the central 6RBs, the DMRS-based transmission is not allowed in those RBs in Release 10/11. However, for the NCT in Release 12, it was agreed that NCT will only surpport TM9, which means the DMRS based demodulation is the only option if the central 6 RBs are used for data transmission.
In R10/11, a simple way to avoid the collision was adopted :forbid PDSCH transmission in the central 6 RBs. This solution causes lower special efficiency, especially for a system with small bandwidth.
To avoid the conflict between PSS/SSS and DMRS, the time-location of DMRS can be changed. Many possible locations of DMRS have been proposed. In [2], an example of DMRS possible location is proposed as the baseline for evaluation. Figure 1 shows the new DMRS pattern proposed as the base line in [2].
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Figure 1 : DMRS new pattern in NCT (for further discussion in RAN1#72b)
For FDD, DMRS locates in the 3th and 4th OFDM symbols every slot (for normal CP). So the collision mentioned above can be solved.

For TDD, DMRS pattern are not collided to the PSS/SSS in normal subframe. However, a new DMRS pattern is needed in order to avoid collision with PSS in special subframe.
And another advantage brought by the new pattern mentioned in many proposals is better performance of channel estimation, especially in high speed scenario.
2.2. Simulation results of the new DMRS pattern
The simulation assumptions for the new DMRS pattern in NCT are listed in Table1. The gain with the new DMRS pattern are shown in Figure 1and Figure 2.
Based on the results in Figure 3, the following points can be observed :

· the performance gain is negligible compared to legacy pattern in medium speed case;
· the performance gain is 1dB at 70% throughput compared to legacy pattern in high speed case.
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Figure 1. ETU 30km/h
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Figure 2. ETU 120km/h

Observation 1 : The performance gain between the new DMRS pattern with R10 DMRS pattern  is negligible in medium speed case and about 1dB in high speed case.

2.3. Impact on other reference signals
The DMRS pattern design should also takel other reference signals into account, e.g., PBCH/CSI-RS/TRS and so on. 
Broadcast channel

For non-standalone NCT, since MIB does not nessasry need to be transmitted on that carrier, no collision occurs when the new DMRS-pattern is transmitted on non-standalone NCT.

RAN WG also possible define a so-called standalone NCT for future proof. And if PBCH occupied REs are as the same legacy carrier and standalone NCT, there will be collision between the DMRS and PBCH as shown in Figure 4. Since the REs located in the first four OFDM symbols (for normal CP length) of subframe 0 of each radio frame are reserved for PBCH transmission. If the central 6 PRBs in subframe 0 are scheduled for DMRS based transmission,
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Figure 4. Collision between PBCH and  new DMRS pattern (normal CP)

CSI-RS

The REs filled with dots are reserved for CSI-RS transmission. In the case that DMRS based transmission is scheduled, there will be collision between the DMRS and CSI-RS as shown in Figure 5 in most of the CSI-RS patterns.
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Figure 5. Collision between CSI-RS and  new DMRS pattern (normal CP)

TDD related

For TDD, the REs located in the 3th OFDM symbol of subframe 1 and 6 of each radio frame are reserved for PSS transmission. If the new DMRS pattern is used for special subframe, PSS and DMRS are collided.
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Figure 6. collision between PSS and  new DMRS pattern (normal CP, special subframe)

To sum up, the new DMRS pattern can solve the collision between DMRS and PSS/SSS for FDD and the collision between DMRS and SSS for TDD in normal subframe. But at the same time, it causes more specification impacts on other reference signals, 
Observation 2 : The new DMRS pattern causes collision with CSI-RS and potential PBCH occupied REs. And if the new DMRS pattern is adopted for TDD special subframe, it will collide with PSS.
Therefore, it is proposed that
Proposal 1 :  Keep Rel-10 DMRS pattern for NCT design. And punctured DM-RS pattern will be used in case of collision with PSS/SSS.
3. Conclusion
In this contribution, the new DMRS pattern and legacy DMRS pattern in R10 are compared. Based on the link level evaluation results, we have the following observation:

Observation 1 : The performance gain between the new DMRS pattern with R10 DMRS pattern  is negligible in medium speed case and about 1dB in high speed case.

Considering the new DMRS pattern may collide with other reference signals, it is observed that,
Observation 2 : The new DMRS pattern causes collision with CSI-RS and potential PBCH occupied REs. And if the new DMRS pattern is adopted for TDD special subframe, it will collide with PSS.
Therefore, it is proposed that
Proposal 1 :  Keep Rel-10 DMRS pattern for NCT design. And punctured DM-RS pattern will be used in case of collision with PSS/SSS.
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Appendix
Table1: Simulation assumptions for PDSCH evaluation
	Parameter
	Value

	Carrier frequency 
	2 GHz 

	Transmission bandwidth
	20 MHz

	Channel model
	ETU  30 km/h   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 or 2, rank adaptation

	Overhead assumption
	No PSS/SSS /CSI-RS for all subframes;
CRS port0;
24 REs/PRB for DMRS;

	Antenna correlation 
	Medium correlation (30 km/h)  

Low correlation (120km/h)

	CSI feedback
	Ideal

	HARQ for PDSCH
	ON

	Adaptive modulation and coding for PDSCH
	ON

	Channel estimation
	Non-ideal, practical PDP
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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. 


Discuss details of simulation assumptions offline during this week – revisit on Friday (email approval after the meeting if not agreeable on Friday) – Fredrik (HW) - �HYPERLINK "../../../AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.Outlook/tdocs/R1-130742.zip"��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
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