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1 Introduction
In the RAN1#87 meeting, it was agreed that NR supports dynamic resource sharing between URLLC and eMBB in DL and also NR supports variable/configurable DMRS patterns for data demodulation [1]. And it has been agreed that NR supports indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s) in the previous RAN1 Ad-hoc#1 meeting [2]. 
	Agreements: (RAN1#87)
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern

Agreement: (RAN1#87)
· 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

Agreements: (RAN1 Ad-Hoc#1)
· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)
· FFS: Details of the granularity for impacted region used in the indication 
· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot
· The indication is transmitted at one of the following (will be down selected later)
· during current eMBB TTI
· after current eMBB TTI
· during and after current eMBB TTI
· The indication is one of the following (will be down selected later)
· explicit
· implicit
· explicit and implicit


In this contribution, we discuss the impact of the configurable DM-RS pattern when dynamic resource sharing between eMBB and URLLC in DL is supported and consider the necessity to indicate eMBB UE’s DM-RS pattern to URLLC UE for achieving higher reliability and/or resource utilization.

2 Discussion on the impact of eMBB/URLLC multiplexing in DL
Due to sporadic transmission of URLLC traffic and its limited latency constraint, it was agreed in RAN1#87 meeting that dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic in DL and URLLC transmission may occur in resources scheduled for ongoing eMBB traffic. To support low latency, gNB tries to transmit the URLLC packet as fast as possible by forming mini-slot(s) which occupy the punctured resources already allocated to eMBB UEs. Further, a mini-slot for URLLC transmission should be able to start from any OFDM symbol in a slot in order to satisfy, e.g., 0.5ms latency requirement for URLLC service. Currently, it has not been addressed that whether or not any resources allocated to eMBB UEs can be punctured for URLLC transmission. For example, if NR-PDCCH(s) of eMBB UE(s) are punctured for URLLC transmission, the eMBB UE(s) would fail to receive not only DL/UL data scheduling information but also important triggering information such as SRS request, CSI-RS request, etc. Another important information is DM-RS(s) for eMBB UE(s). When some of DM-RS(s) for eMBB UE(s) are punctured, interpolated or extrapolated channel estimation would be corrupted so that the eMBB UEs may fail to decode some of CBs nearby punctured DM-RS(s) even if the CBs are not punctured. Therefore, it seems beneficial not to puncture NR-PDCCH and DM-RS of eMBB UE(s) for URLLC transmission in order to provide the required performance for eMBB UE(s). As shown in Fig. 1, for example, when a mini-slot starts from the 6th OFDM symbol in a slot, the DM-RS located in the 6th OFDM symbol is not punctured and the remaining REs are used for URLLC transmission.
· Proposal 1: NR-PDCCH and DM-RS for eMBB UEs should not be punctured for URLLC transmission even if it is located in mini-slot duration.
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Figure 1. eMBB/URLLC multiplexing with the DMRS protection


It was agreed in the RAN1#87 meeting that NR supports variable/configurable DMRS pattern for data demodulation. Due to different wireless channel environments and transmission mode, the time/frequency-domain DM-RS density may be varied among eMBB UEs to optimize spectral efficiency of eMBB UE(s). It is shown in Fig. 2 that 4 exemplary DM-RS patterns are provided, where the DM-RS density in time and frequency domain can be varied for channel conditions and the number of used antenna ports [3]. Specifically, the DM-RS pattern in Figure 2-(a) and in Figure 2-(b) can be used for up to 2 DM-RS antenna ports and the DM-RS pattern in Figure 2-(c) and in Figure 2-(d) can be used for up to 4 DM-RS antenna ports. Also, the DM-RS pattern in Figure 2-(a) and in Figure 2-(c) can be used for low speed UEs and the DM-RS pattern in Figure 2-(b) and in Figure 2-(d) can be used for high speed UEs. The DM-RS patterns can be configured by gNB to eMBB UE(s) separately based on the UE’s transmission mode/scheme.
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	Figure 2. Example of configurable DMRS patterns [3]


In general, to obtain high reliability, URLLC packet can be transmitted over wideband, e.g., 5MHz or 10MHz according to the data payload size and wireless channel condition of URLLC UE. Since URLLC UE cannot know a priori which eMBB UE(s) are multiplexed within a mini-slot for URLLC transmission band and which DM-RS pattern is allocated to the eMBB UEs from the perspective of URLLC UE, it is desirable for URLLC UE to use only RE(s) excluding DM-RS(s) of eMBB UE(s) within a mini-slot without ambiguity. Therefore, NR-PDCCH/PDSCH and DM-RS for URLLC UE should be allocated to the REs excluding potential DM-RS(s) for eMBB UE(s).
· Observation 1: Since URLLC UE(s) cannot know the configured DM-RS pattern on shared resources for eMBB UE(s), it should be assumed that the REs, which cannot be potentially allocated for DM-RS of eMBB UE(s), are used for URLLC transmission if no indication on DM-RS pattern of eMBB UE(s).
· Proposal 2: NR-PDCCH/PDSCH and DM-RS for URLLC UE(s) should be allocated in the REs which are not potentially used for DM-RS of eMBB UE(s).
Using the DM-RS patterns in Figure 2, Figure 3 shows the ‘o’ marked REs and the ‘x’ marked REs, where ‘o” REs are the REs which are not potentially allocated for DM-RS of eMBB UE(s) and ‘x’ REs may be used for eMBB UE(s) as a candidate DM-RS pattern of eMBB UE. In other words, it would not be possible for URLLC UE(s) to know whether or not some or all of the ‘x’ marked REs can be available for URLLC transmission. As a result, usable 33.3% REs for possible URLLC transmission would be wasted although all of the ‘x’ marked REs can be usable in Figure 3-(a) for URLLC transmission in case that DM-RS pattern of eMBB UE in Figure 2-(a) is used and URLLC UE(s) assumes the maximum of DM-RS overhead of eMBB UE(s). Similar to an example for URLLC transmission in Figure 3-(a), even when the mini-slot for URLLC transmission is started at the symbol overlapped with DM-RS of eMBB UE in Figure 3-(b), usable 16.7% REs for possible URLLC transmission can be still wasteful. 
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	Figure 3. REs used for URLLC UE


 In order to reduce the wasted resources, it should be further considered to indicate which REs among the ‘x’ marked REs are usable. The simple way is that a gNB informs the URLLC UE(s) of the DM-RS pattern with the highest density within a slot/subband in case that different DM-RS pattern/overhead can be assumed on different PRBs/different eMBB UEs. This indication may be explicit (e.g. indicated via NR-PDCCH for URLLC UEs) or implicit (e.g. constellation phase rotation or CRC mask). For example, when the mini-slot for URLLC transmission overlaps with the PRBs using DM-RS pattern 1 and 2 as shown in Figure 4, the gNB informs DM-RS pattern 2 of eMBB UE(s) to the URLLC UE(s). Then, the URLLC UE(s) assume that all of the PRBs use DM-RS pattern 2 and the corresponding REs for DM-RS pattern 2 are not used and other REs are used for URLLC transmission as shown in Figure 4-(b). When URLLC UE(s) consider the maximum DM-RS overhead of eMBB UE(s) without the DM-RS pattern indication, 20.8% of the REs are not used. With DM-RS indication, however, only 4.17% REs are wasted due to DM-RS overhead ambiguity of eMBB UE(s) in Figure 4. Therefore, we propose to further consider a mechanism to indicate DM-RS pattern/overhead of eMBB UE on current eMBB transmission slot(s) to URLLC UE(s) for the efficient resource utilization and reliable reception of URLLC transmission.
· Proposal 3: We propose to further consider a mechanism to indicate DM-RS pattern/overhead of eMBB UE(s) on current eMBB transmission slot(s) to URLLC UE(s) for the efficient resource utilization and reliable reception of URLLC transmission.
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	Figure 4. Example of eMBB/URLLC multiplexing with/without indication

	


3 Conclusion
In this contribution, we discussed the impact of the configurable DM-RS of eMBB UEs when eMBB and URLLC is multiplexed dynamically. Our views are summarized as follows:
· Proposal 1: NR-PDCCH and DM-RS for eMBB UEs should not be punctured for URLLC transmission even if it is located in mini-slot duration.
· Observation 1: Since URLLC UE(s) cannot know the configured DM-RS pattern on shared resources for eMBB UE(s), it should be assumed that the REs, which cannot be potentially allocated for DM-RS of eMBB UE(s), are used for URLLC transmission if no indication on DM-RS pattern of eMBB UE(s).
· Proposal 2: NR-PDCCH/PDSCH and DM-RS for URLLC UE(s) should be allocated in the REs which are not potentially used for DM-RS of eMBB UE(s).
· Proposal 3: We propose to further consider a mechanism to indicate DM-RS pattern/overhead of eMBB UE(s) on current eMBB transmission slot(s) to URLLC UE(s) for the efficient resource utilization and reliable reception of URLLC transmission.
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