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1 Introduction

In RAN1#72bis meeting, solutions for handling the conflict between PSS/SSS and DM-RS in NCT is discussed, and it was concluded to consider PSS/SSS shifting and DM-RS puncturing to solve the problem in PRBs containing PSS/SSS as follows [1]. 
Conclusion:

· Do not adopt a new DMRS pattern

· Discuss further between Alt 2a and 2b or consider whether there may be other possible solutions for the PRBs containing PSS/SSS until RAN1#73.

· Alt 2a: Do not adopt a new DMRS pattern and shift PSS/SSS

· Alt 2b: Do not adopt a new DMRS pattern and puncture DMRS (do not shift PSS/SSS (at least for the motivation of avoiding collisions with DMRS))

In RAN1#73 meeting, two candidate solutions Alt 2a and 2b are discussed and following conclusions were made [2].
Conclusion:

· In case shifting PSS/SSS were to be adopted, study further whether the same or different relative positions would be used as in Rel-8 

· Study further the degradation due to possible puncturing of DMRS. 

In this contribution, we show some evaluation results for solutions of PSS/SSS and DM-RS collision and discuss the impact of performance degradation of DM-RS puncturing.

2 DM-RS puncturing in NCT
2.1 DM-RS puncturing and PSS/SSS location change
To study the degradation of DM-RS puncturing and compare it with an example of PSS/SSS location change, we considered following two cases for evaluation.
· DM-RS puncturing
PSS/SSS and DM-RS REs location in the case of DM-RS puncturing is depicted in Figure 1.(a). In this case, DM-RS REs in OFDM symbol 5, 6 in the first slot are punctured and DM-RS REs in OFDM symbol 5, 6 in the second slot are remained for FDD subframe with normal CP. 
· PSS/SSS time location change
As an example of PSS/SSS location change to prevent PSS/SSS and DM-RS collision, PSS/SSS location shown in Figure 1.(b) is considered. In this case, PSS and SSS is transmitted though OFDM symbol 1, 2 in first slot in normal CP.
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     (a) DM-RS puncturing                       (b) PSS/SSS location change
Figure 1. Considered solutions for PSS/SSS and DM-RS collision
2.2 Evaluation of DM-RS puncturing
In this section, performance of DM-RS puncturing and PSS/SSS location change to solve the conflict issue between PSS/SSS and DM-RS is evaluated. We compare PDSCH performance for two approaches, and the performance is obtained for center 6 RBs PDSCH which is transmitted from OFDM symbol 0. The detailed simulation assumptions are specified in Table 1 in the Annex.

BLER and throughput performances of PDSCH transmission with 3km/h and 30km/h UE mobility are evaluated in Figure 2 and 3. 
According to the simulation results in Figure 2, for PDSCH transmission with a low UE mobility, DM-RS puncturing does not show any performance degradation compared to PSS/SSS location change. 
For a medium UE mobility in Figure 3, the performance gap of DM-RS puncturing and PSS/SSS location change is shown. But the performance loss seems not significant beside simple UE behavior and small specification impact can be achieved with DM-RS puncturing.
There would be more performance loss for higher UE mobility. However, the performance degradation is only in center 6 RBs and the subframes with PSS/SSS. Therefore, the impact can be reduced by easy solutions such as scheduling UEs with high mobility in subframes without PSS/SSS, in non-center 6 RBs, or in large PDSCH RBs.
Observation 1 : Performance degradation of DM-RS puncturing is negligible for UEs with low-to-medium mobility. 

Observation 2 : Performance degradation can be avoided for UEs with high mobility. 
Thus, we prefer to adopt DM-RS puncturing for the handling of the PRBs containing PSS/SSS in NCT.
Proposal : For the PRBs contating PSS/SSS in NCT, DM-RS puncturing can be adopted.
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              (a) BLER                                                           (b) Throughput

Figure 2. BLER and throughput performance with EPA 3km/h channel
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              (a) BLER                                                           (b) Throughput

Figure 3. BLER and throughput performance with ETU 30km/h channel
3 Conclusion
In this contribution, the performance of DM-RS puncturing is evaluated, and compared with the performance of PSS/SSS location change. Based on the discussion, we obtained following observations and proposal,

Observation 1 : Performance degradation of DM-RS puncturing is negligible for UEs with low-to-medium mobility. 

Observation 2 : Performance degradation can be avoided for UEs with high mobility. 
Proposal : For the PRBs contating PSS/SSS in NCT, DM-RS puncturing can be adopted.
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5 Annex

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

	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 starting symbol
	The first OFDM symbol

	Overhead assumption
	No CRS/CSI-RS for all subframes

	Antenna correlation
	Medium correlation

	CSI feedback
	Ideal

	HARQ for PDSCH
	No

	Adaptive modulation and coding for PDSCH
	No
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