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1. Introduction
At the RAN1#86 meeting, the following agreements related to URLLC and eMBB multiplexing were approved:

· 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

At the RAN1#86bis meeting, the following agreements related to URLLC and eMBB multiplexing were approved:
· 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
At the RAN1#87 meeting, the following agreements related to URLLC and eMBB multiplexing were approved:
· 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
Based on the above contents, the method of multiplexing eMBB and URLLC is discussed in this contribution with respect to the aspect of resource use efficiency, with a focus on the DL. Both link level simulation (LLS) and system level simulation (SLS) results are given to evaluate the impact on the eMBB UE for DL traffic in the scenario of multiplexing eMBB and URLLC in the same carrier.
2. Discussion
2.1. URLLC traffic feature
According to the use cases denoted in [3], the main requirement of URLLC is to achieve high reliable and low latency communications. TR 38.913 gives a most stringent latency requirement for URLLC of 0.5ms for both UL and DL. The target of general URLLC reliability is 1-10-5 within 1ms and targeted user data packet of X bytes (e.g. 20 bytes). In [3], some usage scenarios and traffic types of URLLC are discussed in consideration of different latency and reliability requirements. Therefore, it is recognized that NR needs to be flexibly designed to be able to support distinct services including different traffic data rates and latency requirements.  
NR is proposed to support a flexible frame structure, scalable numerology considering different types of UE services, eMBB, mMTC and URLLC [1]. 
Two approaches were proposed previously for efficient support of URLLC and eMBB in a NR carrier as shown in the following figures.







Fig.1 static resource partitioning                                             Fig.2 dynamic multiplexing
As can be seen in Fig.1, static reservation of spectrum resources for URLLC services may be inefficient since the URLLC data may not exist so frequently. When there is no URLLC data, the static reserved spectrum resource will be wasted. Hence, considering the uncertainty of URLLC traffic, multiplexing of eMBB and URLLC in the same carrier is interesting as an example shown in Fig. 2. 
URLLC UE can use the same or different subcarrier spacing as eMBB. The URLLC UE should use a short transmission duration to satisfy the low latency requirement while eMBB UE uses slot-based transmisison as shown in Fig.2. Besides the frame structure and numerology aspects, there is a problem of how to efficiently use spectrum resources for eMBB and URLLC services even if the frame structure and numerology are designed to support their multiplexing [4][5]. However, support for URLLC may not be needed in the first deployments of NR. This leads to the following conclusion:-
Proposal 1: RAN1 needs to provide methods for supporting eMBB and URLLC multiplexing considering spectrum resource use efficiency which can be implemented in a forwards compatible way.
2.2. Multiplexing between eMBB and URLLC 

As mentioned above, dynamic multiplexing of eMBB and URLLC in the same carrier is attractive. URLLC traffic is recognized to have higher priority than eMBB because it provides mission critical communications based services, such as for e-health and autonomous vehicles. 
To satisfy the low latency and high reliability performance requirements of URLLC, URLLC should be given high priority to use the resource and to avoid performance degradation on URLLC due to eMBB multiplexing. Thus, it is feasible to use the preemption method in which URLLC may be scheduled to use a resource already assigned for eMBB, i.e., puncture eMBB transmissions. That means the resource already assigned for eMBB is preempted and used by URLLC because of its higher priority.
Proposal 2: For satisfying the high priority of URLLC data, the preemption method is supported in which URLLC is scheduled to use a resource already assigned for eMBB.
2.3. Preemption method
For the preemption method (puncturing method), some frequency region within the eMBB frequency region can be tentatively reserved for possible URLLC traffic, such as the yellow region as shown in Fig. 3. When URLLC traffic actually arrives, the resource already occupied by eMBB within the tentatively reserved region will be preempted and scheduled to transmit URLLC traffic.
Furthermore, the preemption method for multiplexing eMBB and URLLC needs to be carefully designed considering interference and resource use efficiency problems.

· Interference. Supporting URLLC using a resource already assigned to eMBB, may result in interference in the case that eMBB UE cannot identify the transmission of URLLC data for its already assigned resource (i.e. the UE has no extra notification or scheduling information).


                                                                                                                  Preemption indicator 
Fig.3 Preemption of eMBB data for URLLC
To avoid interference to data transmitted to an eMBB UE by data transmitted to a  URLLC UE using the same resource, it is highly desirable to include some kind of preemption indicator to let the eMBB UE identify the presence of a transmission of URLLC data. After that, the eMBB UE will not use the signal in a resource indicated as used by URLLC data for its own data decoding. As an example shown in Fig. 3, the blue block denotes the preemption indicator transmitted in a channel for this purpose.
Proposal 3: To support the preemption method, the preemption indicator signaling at least requires one bit to let the eMBB UE know the existence of a URLLC allocation.
Furthermore, to efficiently avoid soft buffer pollution, some control information on the assigned resource for URLLC data can be included in the preemption indicator signal. This is to let eMBB UE know the actual used resource information (e.g. slot, mini-slot, code block, code block groups’ level) for URLLC and then this information can be used for eMBB UE decoding data. For the preempted data of eMBB, eNB can retransmit the preempted code block only in the next slot.
Proposal 4: To avoid soft buffer pollution for eMBB UEs, some control information on the resource preempted for URLLC data transmission can be included in the preemption indicator signaling to let the eMBB UE know the actual resource (e.g. slot, mini-slot, code block, code block groups’ level) used by URLLC data transmission.

3. Simulation results
In this section, we show the LLS simulation results on the impact of eMBB performance when the preemption method is used for multiplexing eMBB and URLLC. Both LLS and SLS simulation results are given.
In the simulation, 15% resources of an eMBB code block are punctured by URLLC code block, in comparison between preemption indicator method and non-preemption indicator method. Fig. 4 and Fig. 5 show the performance comparison using SFBC-MIMO and SVD-MIMO, respectively. From the results, it can be observed that eMBB BLER performance is significantly degraded compared with no URLLC case if eMBB UE has no preemption indicator signal. With preemption indicator signal, however, the performance degradation of eMBB is near negligible.
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Fig. 4 BLER for eMBB (SFBC-MIMO)
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Fig. 5 BLER for eMBB (SVD-MIMO)

Next, we show the SLS simulation results on the impact of eMBB performance when the preemption method is used or not for multiplexing eMBB and URLLC. 
Fig. 6 and Fig. 7 show the average user throughput and the average residual BLER of eMBB UE, respectively. It can be seen that the both performances are improved significantly if the preemption indicator is employed.
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Fig. 6 Average throughput for eMBB
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Fig. 7 Average residual BLER for eMBB
Hence, the simulation results demonstrate the feasibility of our proposals in this contribution.

4. Conclusion
In this contribution we mainly discuss the preemption based multiplexing method for eMBB and URLLC in a NR DL carrier. The following proposals are given:
Proposal 1: RAN1 needs to provide methods for supporting eMBB and URLLC multiplexing considering spectrum resource use efficiency which can be implemented in a forwards compatible way.

Proposal 2: For satisfying the high priority of the URLLC data, the preemption method is supported in which URLLC is scheduled to use a resource already assigned for eMBB.

Proposal 3: To support the preemption method, the preemption indicator signaling at least requires one bit to let the eMBB UE know the existence of a URLLC allocation.
Proposal 4: To avoid soft buffer pollution for eMBB UEs, some control information on the resource preempted for URLLC data transmission can be included in the preemption indicator signaling to let the eMBB UE know the actual resource (e.g. slot, mini-slot, code block, code block groups’ level) used by URLLC data transmission.
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Annex: Simulation parameters

The LLS simulation parameters are listed in the following Table:
	Parameter
	Value

	Carrier Frequency 
	4 GHz 

	System Bandwidth 
	20 MHz (eMBB & URLLC)

	Subcarrier spacing
	30kHz (eMBB & URLLC)

	Channel Model
	TDL-A(DS=50ns)　3km/h ( fd =11.1188Hz)

	Antenna Mode
	2x2MIMO (SFBC/SVD)　

	Measure TTI
	100,000TTI

	Modulation of eMBB
	QPSK

	Code rate of eMBB
	1/2

	Modulation of URLLC
	QPSK

	Channel estimation
	Perfect channel estimation


Table 1. LLS simulation parameters
The SLS simulation parameters are listed in the following Table:
	Parameters
	Value

	Layout
	19 cell, 3 Sector, Single layer

	ISD
	500[m]

	Channel model
	3D UMa

	Carrier frequency 
	4 GHz

	System bandwidth
	20MHz (eMBB 100RB、URLLC：12RB)

	BS Tx power 
	46 dBm

	BS antenna height 
	25m

	BS antenna configuration
	element number:2, P=2(cross-pol:±45°), M=1, N=1   (antenna construction: 2x2)

	UE antenna height 

	outdoor UE：1.5[m] 
indoor UE： (3×(nfl – 1) + 1.5)[m]

	UE antenna configuration
	element number:2, P=2(cross-pol:0,90°) 、M=1、N=1  (antenna construction: 2x2)

	Transmission rank
	eMBB：2 (maximum value)
URLLC：1 

	eMBB UE number
	10 [/sector]

	URLLC UE number
	10 [/sector]

	UE velocity
	outdoor：30[km/h]
indoor UE：3,30[km/h]

	Ratio of outdoor UE
	20[%]

	traffic model
	eMBB ：full buffer
URLLC：FTP model 3　

	File size
	eMBB：(full buffer)
URLLC：32[byte]

	traffic arrival rate λ[/s]
	URLLC ：100,200,500,750,1000,1250[packet/s] 

	TTI length
	eMBB：1[ms]
URLLC： 1/7[ms]　


Table 2. SLS simulation parameters for DL
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