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1 Introduction

According to the conclusion from RAN1#72 meeting, enhanced DM-RS patterns will be studied for the new carrier type (NCT) [1]. In [2], a baseline pattern has been provided for further evaluation. However, it has been identified that there are some drawbacks on the baseline pattern. Therefore, an alternative is proposed in this contribution.
2 Alternative DM-RS pattern for NCT
According to the agreement in RAN1#72 meeting [1], the enhanced DM-RS pattern should not collide with PSS/SSS. The baseline pattern meets this requirement both in FDD and TDD case. The problem is that it overlaps with some of the CSI-RS configurations. It is worth noting that some of the CSI-RS configurations are absent due to collision with PSS/SSS. Further reducing the available CSI-RS configuration by the baseline DM-RS pattern may impose undesirable restriction on CSI-RS configuration, which should be avoided. 
Considering avoiding the collision with PSS/SSS, CSI-RS and the tracking RS (TRS), it seems to be impossible to allocate two symbols per slot for the new DM-RS pattern in NCT. For example, in the scenario of TDD subframe #0/5 with extended CP, there is no room for placing two symbols of DM-RS in the 2nd slot. Consequently, an enhanced DM-RS pattern with one symbol per slot should be considered. Detailed analysis of the collision can be found in Annex.
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Fig. 1: Enhanced DM-RS pattern for normal subframe.
Fig. 1 illustrates the proposed DM-RS pattern for normal subframe. The same structure is applied for normal subframe in both FDD and TDD cases, respectively. Such a unified design is desirable as it can greatly reduce the effort for both specification and implementation. This enhanced DM-RS pattern does not collide with PSS/SSS, CSI-RS or TRS. Moreover, according to the agreement in RAN1#72 meeting [1], transmission modes other than TM9 and TM10 are not supported for NCT. Therefore RS tones for port-5 is not needed anymore, and CSI-RS configurations 20-31 for normal CP and CSI-RS configurations 16-27 for extended CP are not needed, either. As a result, there is no collision between the new DM-RS and the CSI-RS or port-5 URS. It is also worth noting that this pattern can be applied in the system regardless of whether PSS/SSS is present or not, so that a unified pattern can be used for all normal subframes in NCT.
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Appendix
To avoid the collision with PSS/SSS, CSI-RS and TRS in new carrier, the symbols carrying new DM-RS should be carefully arranged in a subframe, as shown in Fig. 2 and Fig. 3.
[image: image2.emf]FDD, Normal CP

Signals may collide with DM-RS

DM-RS in legacy carrier

New DM-RS pattern

FDD, Extended CP

Signals may collide with DM-RS

DM-RS in legacy carrier

New DM-RS pattern

CRS PSS SSS CSI-RS

DM-RS Shifted DM-RS DM-RS colliding with PSS/SSS


Fig. 2: DM-RS pattern design (FDD).
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Fig. 3: DM-RS pattern design (TDD).
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