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Introduction
In RAN1#86 meeting, there was discussion on multiplexing of eMBB and URLLC and following agreements were achieved [1]:
Agreements:
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded

In last RAN1#86bis meeting, following agreements were also achieved [2]:
Agreements:
· 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
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL

In this contribution, we discuss impact on eMBB error performance in DL in case of preemption-based dynamic resource sharing between eMBB and URLLC based on same sub-carrier spacing.
Discussions
In this section, preemption-based dynamic resource sharing between eMBB and URLLC is briefly described and how much this multiplexing impacts eMBB block error rate (BLER) is investigated.
1.1 Preemption-based dynamic resource sharing
In last RAN1 #86 and #86bis meetings, preemption-based multiplexing between eMBB and URLLC was introduced as one of alternatives for dynamic resource sharing. As discussed in [3], when URLLC traffic is occurred during eMBB transmission, this scheme allows puncturing of eMBB data transmitted in the overlapped resource region with URLLC data and URLLC data is transmitted as shown in Figure 1. 
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[bookmark: _Ref458018147]Figure 1: Example of puncturing of eMBB data for URLLC
In this case, gNB cannot always provide information on which region should be punctured (e.g., puncturing information) to the eMBB receiver because control information for eMBB data can be transmitted before URLLC traffic is occurred. If the eMBB receiver does not know the puncturing information, eMBB receiver has to perform channel decoding using wrong received signals incurred by URLLC data. So, eMBB could suffer from drastic degradation in error performance. Based on this fact, next subsection investigates how much eMBB error performance degrades by employing preemption-based multiplexing method for two cases: i) with puncturing information at the eMBB receiver, and ii) without puncturing information at the eMBB receiver. 
1.2 Impact on eMBB BLER
For evaluating eMBB BLER performance, it is assumed that eMBB and URLLC employ same subcarrier spacing (30 kHz) and 15% in an eMBB code block are overlapped with URLLC code block. In this case, gNB with preemption based multiplexing punctures all overlapped eMBB data symbols and transmits URLLC code block. Detailed simulation parameters are shown in Appendix.
Figure 2(a) shows eMBB BLER performance for QPSK modulation and Figure 2(b) shows eMBB BLER performance for 16QAM modulation. As shown in both figures, eMBB BLER performance can be drastically degraded compared with no URLLC case if eMBB receiver has no puncturing information. However, when eMBB receiver has puncturing information, then eMBB BLER performance can be significantly improved, even if the performance is still worse than no URLLC case. More specifically, for the case of SNR=1.5 dB in Figure 2(a) which is 10% BLER of no URLLC case, eMBB receiver without puncturing information always fails to receive eMBB code blocks, however, if puncturing information is provided to eMBB receiver, eMBB data suffers from 30% BLER. This means that gNB has to perform HARQ retransmission for most code blocks if puncturing information is not provided to eMBB receiver. If gNB provides puncturing information to eMBB receiver, the number of HARQ retransmission can decrease by 30%. Therefore, for preemption-based dynamic resource sharing, how eMBB receiver knows eMBB puncturing regions should be studied. In a particular scenario, gNB cannot provide puncturing information to eMBB receiver, e.g., for the case that URLLC data is occurred after gNB already grants eMBB data to eMBB receiver. In this scenario, it would be possible for eMBB receiver to blindly detect eMBB puncturing information.
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Figure 2: BLER performance of eMBB

Observation 1: If eMBB receiver does not know which region should be punctured, eMBB BLER performance can be significantly degraded. However, if eMBB receiver can be aware of the puncturing regions, eMBB BLER performance can be significantly improved.
Proposal 1: Study how eMBB receiver knows eMBB puncturing regions in case of preemption-based dynamic resource sharing between eMBB and URLLC.

Conclusions
In this contribution, we discussed impact on eMBB error performance in case of preemption-based dynamic resource sharing between eMBB and URLLC. It can be summarized as below.
Observation 1: If eMBB receiver does not know which region should be punctured, eMBB BLER performance can be significantly degraded. However, if eMBB receiver can be aware of the puncturing regions, eMBB BLER performance can be significantly improved.
Proposal 1: Study how eMBB receiver knows eMBB puncturing regions in case of preemption-based dynamic resource sharing between eMBB and URLLC.
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Appendix – Link level simulation setup
Table.1. LLS Evaluation parameters
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	4 GHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo code

	Subcarrier spacing
	30 kHz 

	System Bandwidth 
	20 MHz 

	Modulation of eMBB
	QPSK, 16QAM

	Code rate of eMBB
	1/2

	Modulation of URLLC
	QPSK

	BS antenna configuration 
	1Tx 

	UE antenna configuration 
	2Rx 

	Channel estimation
	Perfect channel estimation

	Propagation channel & UE velocity 
	TDL-C with DS{300}ns & 3km/h in TR38.900

	TTI length
	eMBB : 14 OFDM symbols,  URLLC : 2 OFDM symbols
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