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1. Introduction 

In RAN1#87, multiplexing of eMBB and URLLC traffic was discussed and some agreements were achieved as follows [1]: 

· 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.
In this contribution, we share our view on the multiplexing scheme.
2. Multiplexing of eMBB and URLLC traffic
Motivation of multiplexing eMBB and URLLC on one carrier

URLLC traffic is sporadic. If the dedicated resources are configured, it is possible that no URLLC traffic is transmitted during a long time. In this condition, the resources are wasted. Thus, the shared resources can be configured, e.g. eMBB traffic is scheduled by gNB when no URLLC traffic occurs. From this perspective, sharing resource between URLLC and eMBB has the advantage of improving resource utilization efficiency. 
Multiplexing manner
Reserving resources

· Reserving resource could be considered to meet the URLLC latency requirement. If URLLC traffic arrives, gNB can schedule resource for URLLC traffic in time. The reserved resources can be informed by eMBB grant before URLLC traffic arrival, e.g. pre-indication.
Puncturing

· When there are no available resources, puncture operation for time-frequency resources of eMBB transmission can be performed. Puncture information can be informed after URLLC arrival, e.g. post-indication. Another alternative is retransmission based on ACK/NACK, which do not require the indication.
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Fig.1 the required SNR for BLER=10%
Fig.1 shows that simulation results for eMBB and URLLC multiplexing with pre-indication and post-indication. In the absence of any prior information on puncturing, it is found that the required SNR is largely increased to maintain BLER with 10% for eMBB traffic. It can be seen that the performance is improved for eMBB UE with either pre-indication or post-indication.
Obervation1: The puncture without indication on eMBB resource severely decreases the performance. Indication of puncture or reserved information can improve the performance.
2.1. Indication method
For ongoing eMBB traffic, UEs do not know URLLC preemption traffic during the transmission. From the performance perspective, it can be seen that indications of the reserved resource and the puncture information are meaningful. Thus the indication should be performed. Two options can be candidates, e.g. pre-indication and post-indication. 
For pre-indication, the resources for URLLC data are reserved and informed in the scheduling grant for eMBB UE. The eMBB UEs obtain the knowledge of the potential URLLC transmission, which can reduce impact from the burst URLLC traffic. Under the latency requirement, gNB can schedule the URLLC traffic to match the reserved resource. This method can achieve the higher performance of eMBB transmission. GNB can reserve resources based on the characteristic of URLLC service. When URLCC traffic occurs, the reserved resource can be used without impacting the eMBB. If there is no URLLC traffic, parts of redundancy information of eMBB traffic can be transmitted in the reserved resources. The disadvantage is whether the reserved resource can match with the realistic URLCC traffic arrival. For URLLC traffic with the higher latency requirement, the reserved resource may not be suitable.
For post-indication, some methods are provided, for example, indication of previous puncture position or retransmission of the puncture parts. This option can decrease the impact on eMBB service from URLLC traffic. However the additional delay of TB decoding is introduced. Control information of post-indication requires a special design. HARQ timing of eMBB can also be different with regular eMBB transmission.
Proposal 1: Both pre-indication and post-indication can be further investigated.
2.2. Indication information
For indication, the explicit signaling is needed. The indication should include at least the time-frequency domain information of URLLC transmission. Signalling of indication should be carefully designed to avoid too many payload sizes. It should be considered for indication granularity of URLLC transmission. If different numerologies are configured between URLLC and eMBB, time granularity can be based on the numerology of eMBB. The frequency range of URLLC transmission can be configured and restricted to reduce the overhead of indications.  

Proposal 2: For puncture and reservation operation, explicit signalling is required. The information includes at least time-frequency domain information.
Proposal 3: For the indication, time granularity can be based on eMBB numerology. If NR supports FDMed multiplexing between eMBB and URLLC, frequency granularity can be configured to reduce the overhead.
Another method is based on blind decoding. When eMBB UE decoding fails, it can attempt to decode based on two hypotheses for each symbol, e.g. eMBB data or URLLC data in the symbol. Considering UE decoding complexity and energy consumption, this method is not preferred.

Proposal 4: Large decoding hypotheses shall be avoided at UE side.
2.3. Code block based feedback
For puncture operation, code block based feedback also can be considered. This method is separating eMBB transport block into several code blocks, and applying code block based ACK/NACK feedback. Only puncturing/polluting one/several code block(s) are retransmitted according to the corresponding ACK/NACK. 
Pros of code block based feedback includes,
· No additional indications of puncturing or reserving information are required. 

On the contrary, cons of code block based transmission includes,
· Feedback overhead should be evaluated. 
· Since time-domain separation of the transport block into code blocks is of natural way, time-domain interleaving gain is of smaller than originally spanning over the whole slot.

Proposal 5: Further studied on code block based ACK/NACK feedback is needed. 
2.4. Multiplexing based on scheduling
For scheduling-based approaches, semi-static, dynamic scheduling or combination of both operations is up to gNB scheduling. GNB can allocate and adjust frequency resource range based on traffic. These multiplexing manners can obtain flexible scheduling. Moreover, FDM can be a baseline design due to higher latency requirement. Under the circumstances of fulfilling latency requirement, TDM also can be considered. For URLLC, mini-slot granularity can be the basic time scheduling unit. This also benefits the resource multiplexing and latency. Multiple mini-slots can be aggregated to provide more resources.
Proposal 6: For multiplexing based on scheduling, both TDM and FDM manner for eMBB and URLLC should be supported.
Proposal 7: Mini-slot granularity can be the basic time scheduling unit for URLLC.
3. Conclusion

In this document, we discussed multiplexing of eMBB and URLLC with the following observation and proposals:

Obervation1: The puncture without indication on eMBB resource severely decreases the performance. Indication of puncture or reserved information can improve the performance.
Proposal 1: Both pre-indication and post-indication can be further investigated.
Proposal 2: For puncture and reservation operation, explicit signalling is required. The information includes at least time-frequency domain information.
Proposal 3: For the indication, time granularity can be based on eMBB numerology. If NR supports FDMed multiplexing between eMBB and URLLC, frequency granularity can be configured to reduce the overhead.
Proposal 4: Large decoding hypotheses shall be avoided at UE side.
Proposal 5: Further studied on code block based ACK/NACK feedback is needed.
Proposal 6: For multiplexing based on scheduling, both TDM and FDM manner for eMBB and URLLC should be supported.
Proposal 7: Mini-slot granularity can be the basic time scheduling unit for URLLC.
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Appendix: Link level simulation setup
Table.1. LLS Evaluation parameters

	Parameters 
	Values or assumptions 

	eMBB bits 
	1000,2000,4000,6000 bits 

	Channel coding
	LDPC code in R1-1610137

	Modulation of eMBB
	QPSK, 16QAM

	Code rate of eMBB
	1/2:with puncture and without puncture

	BS antenna configuration 
	1Tx 

	UE antenna configuration 
	1Rx 

	Propagation channel 
	AWGN

	Channel estimation
	Ideal 

	TTI length
	eMBB : 7 OFDM symbols,  URLLC : 1 OFDM symbols
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