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1 Introduction

For NR, three usage scenarios are mainly considered, eMBB, mMTC, and URLLC [1]. So far, RAN1 has discussed how to support multiplexing of eMBB and URLLC. 
In RAN1#86bis, the following was agreed [2].

	· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead
· Using different sub-carrier spacing 

· FFS: CP overhead


In RAN1#87, the following was agreed [3].

	· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic


Under the above agreements, puncturing eMBB transmission by URLLC transmission is supported, eMBB and URLLC can use different subcarrier spacing, and the DMRS of eMBB may be corrupted by URLLC. This contribution considers the impact of URLLC transmission to the DMRS of eMBB transmissions.
2 Discussions 
When puncturing of eMBB transmissions is by URLLC transmissions using different subcarrier spacing, the following need to be considered in order for a UE to recover the eMBB data transmission. 
· The impact of URLLC transmissions on the eMBB DMRS
· Possible solutions to mitigate/avoid eMBB DMRS corruption 
eMBB DMRS corrupted by URLLC transmissions
If URLLC and eMBB use different subcarrier spacing and URLLC transmissions puncture an eMBB transmission as shown in Figure 1, eMBB data in punctured resources is corrupted. Furthermore, if the DMRS of the eMBB transmission is in the punctured resources, the eMBB data in non-punctured resources will also be essentially corrupted, after demodulation, as the channel estimate will be incorrect, leading to failed decoding of the eMBB transmission for all data code blocks.
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Figure 1: Example of eMBB DMRS corrupted by URLLC 
Possible solutions to mitigate DMRS corruption
Possible solutions can be according to the following four options:  
· Option 1. Subcarriers with DMRS cannot be punctured by URLLC.
· Option 2. Punctured DMRS is shifted/transmitted in later eMBB resources that are not punctured by URLLC transmissions, when possible, and punctures transmission of data symbols.
· Option 3. Only non-corrupted DMRS is used for eMBB demodulation and UE drop eMBB reception when all DMRSs for the eMBB reception are corrupted by URLLC transmissions.
· Option 4. The DMRS of eMBB is distributed in multiple OFDM symbols, as shown in Figure 2,  to reduce the probability that the DMRS of an eMBB transmission is completely/substantially punctured by URLLC transmissions.
For option 1, a gNB schedules URLLC transmissions while avoiding s DMRS sub-carriers for eMBB transmissions. When this needs to happen, a delay up to one mini-slot duration is introduced to URLLC transmissions. 
For option 2, punctured DMRS is shifted to the other eMBB resources that are not punctured by URLLC. If there is no eMBB resource to shift the DMRS (e.g. all/most eMBB resources are punctured by URLLC), then the UE can drop eMBB reception in the slot. 
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Figure 2: Example of eMBB DMRS distributed in all OFDM symbol groups 
For option 3, the non-corrupted DMRS is used for non-punctured eMBB data demodulation. In case of all DMRSs in a slot is corrupted by URLLC, the UE can drop the eMBB data in the slot. However, if some DMRS is not corrupted, it can be used to demodulate all non-punctured eMBB data.
 For option 4, the DMRS of eMBB is distributed in multiple OFDM symbols. The eMBB UE can use non-punctured DMRS symbols to demodulate the eMBB data as shown in Figure 2. Option 4 requires additional DMRS overhead.  
Proposal: Consider the above 4 options for resolving the impact on URLLC transmissions on DMRS of eMBB transmissions. 
3 Conclusions
In this contribution, impact to eMBB DMRS by puncture of URLLC are discussed and possible solutions to mitigate such impact were presented. It is proposed as below:
Proposal: Consider the above 4 options for resolving the impact on URLLC transmissions on DMRS of eMBB transmissions. 
.
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