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1. Introduction
In RAN#75 meeting, the work item on New Radio (NR) Access Technology has been agreed. The target is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) [1]. In TR 38.802 [2], the following agreement on DL multiplexing of eMBB and URLLC in NR SI has been captured:
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In this contribution, we discuss the details on dynamic multiplexing of eMBB and URLLC for DL and present our proposals.
2. Details on signaling preemption indication
Different options have been proposed to signal the preemption indication to the eMBB UE(s). PDCCH can be used for the signaling or a new control channel for preemption can be designed. Designing a new control channel would introduce much standardization complexity. In addition, eMBB UE may have to keep monitoring the new control channel for preemption indication no matter whether URLLC preemption happens or not. Therefore, we think it may not be reasonable to design a new control channel for preemption; instead, DCI can include the explicit field for preemption indication when the eMBB UE is configured to know the punctured resource. 

Since the URLLC puncturing may only have impact on a subset of UEs with on-going eMBB data, the signaling can be UE specific. On the other hand, the signaling can also be UE group common and each eMBB UE can decide by itself whether its own eMBB data is impacted or not. For example, the eMBB UE can compare the occupied resource region of its own eMBB data and the resource region signaled by preemption indication. If there is overlap between the resource regions, the eMBB UE can know that its own eMBB data transmission has been impacted by URLLC transmission.

Therefore, we propose:

Proposal 1:  DCI can include the explicit field when eMBB UE is configured to know the punctured resources
The timing to signal the preemption indication can depend on the eMBB UE capability or the service supported by the eMBB UE. Signaling the preemption indication earlier can help to reduce the data processing latency. However, if the preemption is signaled in the current TTI where preemption happens, UE may have to monitor the preemption indication in a timing granularity less than the eMBB TTI. If the eMBB UE also supports URLLC services, the eMBB UE would be able to monitor PDCCH in the same timing granularity as URLLC UE. Therefore, the preemption indication can be signaled to the eMBB UE in the same eMBB TTI where puncturing happens. On the other hand, if the eMBB UE does not support URLLC services, the eMBB UE can only monitor the PDCCH every eMBB TTI. The preemption indication should be then signaled after the current eMBB TTI.  An example is shown in the Figure 1.  
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Figure 1: Indication for resource region that eMBB data transmission is impacted

Therefore, we propose:

Proposal 2: Indication of punctured resources of eMBB is transmitted in either during TTI or after TTI

· For a UE supporting URLLC, the indication can be during the current eMBB TTI

· For a UE not supporting URLLC, the indication should be after the current eMBB TTI

For indication transmitted after the current eMBB TTI, the indication can be transmitted independently or together with the DCI scheduling eMBB retransmission. In our previous contribution [3], it can be observed that the BLER performance of eMBB still severely degrades due to puncturing even if UE is aware of the impacted/punctured resource, e.g., when a large amount of REs belong to the same CB are punctured or high modulation order is used. In such case, it would be beneficial if gNB can directly retransmit the CB which is severely impacted by URLLC puncturing without waiting for A/N feedback from the eMBB UE. As both eMBB and URLLC transmissions are scheduled by gNB, gNB should be able to predict whether a CB of eMBB data will be severely impacted due to URLLC, e.g. by the ratio of resource impacted. The retransmission without HARQ feedback happens only when URLLC puncturing happens, and the eMBB performance without URLLC puncturing will not be impacted 
3. UE behavior with preemption indication
The preemption indication should help to increase the likelihood of successful demodulation and decoding of the TB(s) transmitted in the DL resource which is preempted. From our previous contribution [3], it can be observed that eMBB performance can be improved by setting LLRs corresponding to the impacted data being 0 for decoding. In addition, discarding the buffered soft bits which is punctured by URLLC transmission can also help the decoding considering the future retransmission combining. 
If eMBB UE can decode the preemption indication before decoding the eMBB data which is impacted, the eMBB UE decoding latency will not be increased; Otherwise, eMBB UE may have to decode the eMBB data again by setting LLRs corresponding to the impacted data being 0, if it has failed to decode the impacted eMBB data without preemption indication. The UE decoding latency can be increased due to decoding eMBB data after receiving preemption indication.
As we have discussed in section 2, the timing for signaling preemption indication can be in the current TTI when puncturing happens or in the later TTIs, depending on whether eMBB UE can support URLLC service or not. If the preemption indication is signaled in the later TTIs, the decoding latency of eMBB UE may be prolonged and the original HARQ timeline without considering URLLC preemption will be impacted.
The following two options of eMBB UE behavior are possible if the eMBB HARQ timing can be impacted due to receiving the preemption indication: 
· Option 1: The eMBB UE keeps the HARQ timing regardless of whether preemption indication is received. 
The eMBB UE may indicate its capability of minimum HARQ processing time with and without preemption indication to gNB, respectively. It can be up to gNB implementation to schedule the (re)transmission of eMBB UE such that UE HARQ timing is not changed even if preemption indication is received. 

Otherwise, upon receiving preemption indication, the eMBB UE may only discard the buffered soft bits corresponding to the resource impacted by the URLLC preemption.  The eMBB UE does not perform decoding again for the preempted transmission. Although the corresponding decoding performing gain is lost, the introduced latency will be neglectable. By this way, the demodulation and decoding performance of the current eMBB transmission cannot be improved, but the decoding performance is improved considering the sub-sequent retransmission(s) of the same TB.

· Option 2:  The eMBB UE may change the HARQ timing if/when the preemption indication is received. 
New eMBB UE HARQ timing can be signaled to the eMBB UE if the preemption indication is received. The new HARQ timing can be implicitly or explicitly signaled together with preemption indication. 
Therefore, we propose:

Proposal 3: The eMBB UE can keep the HARQ timing or change the HARQ timing if the preemption indication is received
4. Conclusion

In this contribution, we discuss the further details of multiplexing of eMBB and URLLC for DL. Proposals are summarized below.
Proposal 1:  DCI can include the explicit field when eMBB UE is configured to know the punctured resources
Proposal 2: Indication of punctured resources of eMBB is transmitted in either during TTI or after TTI

· For a UE supporting URLLC, the indication can be during the current eMBB TTI

· For a UE not supporting URLLC, the indication should be after the current eMBB TTI

Proposal 3: The eMBB UE can keep the HARQ timing or change the HARQ timing if the preemption indication is received
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From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by using the same subcarrier spacing with the same CP overhead or using different subcarrier spacing. In the specification, both approaches are to be supported. NR supports dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL. Dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic where URLLC transmission may occur in resources scheduled for ongoing eMBB traffic. DL dynamic resources sharing between eMBB and URLLC is enabled without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources (No specific specification work is expected).





Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding. Indication can be dynamically signaled to a UE, whose assigned downlink resources have partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding of the TB(s) transmitted within the above mentioned assigned resource. The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB
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