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1 Introduction
In RAN1 NR Ad-Hoc#2 and RAN1 #90Bis meetings the following agreements were made on PBCH / SS block collision handling with DM-RS.

	Agreement:

When SS block and PDSCH are scheduled in the same symbols, DMRS and SS block can be in a same symbol.

· Above applies at least for the case where DMRS and SS block are not overlapping in the frequency domain

· Above applies at least for the case where SS block and DMRS are spatially QCL-ed

· Above applies at least for the case where the same subcarrier spacing is used for SS block and DMRS

Agreements:

· Study further how to handle DM-RS and SS block collision (if any)

· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.


In this contribution we provide our views on the remaining issue of multiplexing of different RS for NR. In particular we focus our discussion on collision handling between PBCH/SS block with DM-RS. 
2 Discussion 
Collision of DM-RS and PBCH/SS block
In NR, multiple PBCH/SS blocks transmission within slot could collide with DM-RS symbols. One approach to avoid collision is to use mini-slot scheduling or scheduling using 7-symbol slot duration. However, there are several drawback with this approach. 
More specifically, the DM-RS overhead for mini-slot transmission is expected to be much higher than DM-RS overhead for slots. For 7-symbol slots, repetition of DM-RS symbols may not be available which makes PDSCH transmission in mobility scenarios inefficient. Moreover, due to large difference in TBS and the available REs for 14-symbol slot and mini-slot transmission, HARQ support would be highly inefficient.
In order to improve performance of PDSCH transmission for slot based scheduling, collision handling rule for slot based scheduled PDSCH should be defined. In particular, in case of DM-RS collision with SS block the DM-RS and PDSCH on the overlapping PRBs can be dropped. . For example, as illustrated in Figure 1, the front loaded DM-RS symbol and subsequent PDSCH REs are dropped if no additional DM-RS is configured.

 In order to avoid excessive PDSCH dropping for the case when additional DM-RS is considered, the PDSCH transmission dropping should be supported until a certain number of OFDM symbols before the symbol where additional DM-RS symbol(s) is transmitted. For example as shown in Figure 2, in the case that additional DM-RS is transmitted, the PDSCH in the PRBs spanning the SS block and in the OFDM symbols between the SS block and additional DM-RS is dropped up to 2 symbols preceding the additional DM-RS as shown in Figure 2. This prevents excessive PDSCH dropping while ensuring that extrapolation of channel estimates from the additional DM-RS is still within acceptable limits.
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Figure 1: Collision handling between DM-RS and SS/PBCH block for the case of no additional DM-RS.
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Figure 2: Collision handling between DM-RS and SS/PBCH block for the case when additional DM-RS is encountered.
Proposal:
· DM-RS symbol(s) with PBCH/SS block collision is handled 
· For the case of no additional DM-RS, by dropping DM-RS and PDSCH on the overlapping RBs for OFDM symbols until the end of the slot.

· For the case of configured additional DM-RS in the remaining symbols of the slot, by dropping DM-RS and PDSCH on the overlapping RBs for OFDM symbols until 2 OFDM symbols before the symbol where additional DM-RS symbol(s) is transmitted.
3 Summary

In this contribution we provide our views on the multiplexing of PBCH/SS block and DM-RS. The following proposal was made:
· DM-RS symbol(s) with PBCH/SS block collision is handled 

· For the case of no additional DM-RS, by dropping DM-RS and PDSCH on the overlapping RBs for OFDM symbols until the end of the slot.

· For the case of configured additional DM-RS in the remaining symbols of the slot, by dropping DM-RS and PDSCH on the overlapping RBs for OFDM symbols until 2 OFDM symbols before the symbol where additional DM-RS symbol(s) is transmitted.
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