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1. Introduction
In RAN1#72 meeting, extensive discussion on handling the conflict between PSS/SSS and DMRS in NCT were performed, and a new DMRS pattern for evaluation baseline was proposed in [1] . In [2], the specification impacts of new pattern are discussed. Taking special subframe into account, the new DMRS pattern still has the collision issue with PSS, so the new pattern is not preferred for TDD.
In this contribution, we will present our views on DMRS pattern design for special subframes in NCT.
2. Collision between DMRS and PSS/SSS
In [1], a new DMRS pattern was proposed for the evaluation baseline as show in Figure 1. DMRS locates in the third and fourth symbol of each slot (3 OFDM symbol shift to the left) to avoid collision with PSS/SSS. 
Since the REs located in the 3th OFDM symbol of subframe 1 and 6 of each radio frame are reserved for PSS transmission in TDD mode. If the new DMRS pattern is used for special subframe, the collision between PSS and DMRS would be occurred when the central 6 RBs are scheduled for data transmission.
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Figure 1 : new DMRS pattern in [1] (normal CP)

2.1. Alt-1: New design for DMRS pattern without existence of TRS
In the case TRS(Tracking reference signals) is not transmitted on special subframe, more REs are for data transmission and DMRS design can be more flexible. 
Figure 2 shows some alternatives for all special subframe configurations without TRS with the following principle,

· The DMRS pattern for special subframe shall not collided with PSS.

· Keep the same RE density of  DMRS as legacy DMRS pattern.
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3(a1)                                                                           3(a2) 
Figure 2(a): two options for new DMRS pattern for special subframe, configuration 3,4,8 (normal CP, without TRS)
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3(b1)  


                 3(b2)
 Figure 2(b): two options for new DMRS pattern for special subframe, configuration 1,2,6,7 (normal CP, without TRS)
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Figure 2(c): new DMRS pattern for special subframe, configuration 0,5,9 (normal CP, without TRS)

Figure 4 shows the simulation results of pattern (a1). The simulation assumptions are listed in Table 1. The performance of pattern (a1) are quite similar compared to legacy pattern both in low-speed channel or in high-speed channel.
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Figure 3 : simulation results of pattern (a1)

2.2. Alt-2: New design for DMRS pattern with existence of TRS
In this section, we take TRS into account for DMRS design. TRS locates in the first and fifth symbol every slot. Based on the conclusion achieved in RAN1#72 - Only DMRS patterns that do not collide with Rel-8 positions of PSS/SSS will be considered, the third symbol reserved for PSS transmission should not be used for DMRS. Available resource elements are limited due to those restrictions. Figure 5 gives possible locations of DMRS in order to satisfy the aforementioned restrictions:
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5(a1)                                                                                           5(a2) 

Figure 4(a): two options for new DMRS pattern for special subframe, configuration 3,4,8 (normal CP, with TRS)
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Figure 4(b): two options for new DMRS pattern for special subframe, configuration 1,2,6,7 (normal CP, with TRS)
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Figure 4(c): new DMRS pattern for special subframe, configuration 9(normal CP, with TRS)

Figure 6 shows the simulation results of pattern (a1). The simulation assumptions are listed in Table 2. From the figure we can see that in low-speed channel, pattern (a1) achieves same performance as the legacy pattern(DMRS :[3 4 10 11]). It means adopting this pattern, OCC still can work well to guarantee the orthogonality between ranks. Further studies may be needed to know the performance in high speed.
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Figure 5: simulation results of pattern (a1)

3. Conclusion
In this contribution, we discuss the DMRS pattern design in special subframes. Possible new DMRS patterns are proposed. 
Proposal: the DMRS pattern for special subfrmae on NCT should be considered in the aforementioned Figure 2 and Figure 4.
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Appendix
Table1: Simulation assumptions for PDSCH evaluation
	Parameter
	Value

	Carrier frequency 
	2 GHz 

	Transmission bandwidth
	20 MHz

	Channel model
	ETU  3 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 

	Overhead assumption
	24 REs/PRB for DMRS;

	Antenna correlation 
	Medium correlation (3 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


Table2: Simulation assumptions for PDSCH evaluation

	Parameter
	Value

	Carrier frequency 
	2 GHz 

	Transmission bandwidth
	20 MHz

	Channel model
	ETU  3 km/h  

	CP length
	Normal CP

	Location  and number of PDSCH RBs
	Fixed, 6 PRBs

	Transmission mode
	TM9

	Antenna configuration
	2 TX, 2 RX

	Rank
	Rank Adaption 

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

	Antenna correlation 
	Medium correlation (3 km/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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