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1
Introduction
Inter-UE and intra-UE UL multiplexing between eMBB and URLLC has been discussed in RAN1#92bis, and the summary of offline discussion is provided in [1]. It was concluded that no enhancement is introduced in Rel-15 to support the special handling of inter-UE multiplexing between eMBB and URLLC. But intra-UE multiplexing is still open for further consideration, which will be discussed in this contribution.
2
Intra-UE multiplexing
After a UE receives a UL grant (even if the grant was intended for eMBB data), if the UE has URLLC to transmit and it has sufficient time to prepare the data for transmission in the granted resource, the MAC configuration/procedure is already in place that allows the UE to prioritize URLLC over eMBB. So this case is already supported properly and it is not in the scope of the discussion in this contribution.
2.1
Grant-based eMBB PUSCH vs grant-free URLLC PUSCH
The overlap of grant based eMBB PUSCH and grant-free URLLC PUSCH in time occurs when the URLLC data comes too late for the UE to prepare URLLC to be transmitted in the scheduled UL resources, or the scheduled UL resources is not suitable for URLLC data transmission (e.g. TTI is too long that cannot satisfy the latency requirement), and at the same time there is grant-free resource available for URLLC that overlaps in time with the scheduled UL resources.
Theoretically the UE could transmit both URLLC and eMBB data (as shown in Fig. 3 (a)) if supported. However, so far in Rel-15 the UE does not support any two simultaneous UL transmissions on a cell, so we do not expect the simultaneous transmission of URLLC and eMBB to be supported. Then the straightforward way would be that UL grant free transmission has higher priority, and eMBB data transmission is stopped (or punctured) as shown in Fig.3 (b).
If the resources do not overlap in frequency, it is not critical for the UE to send any signaling to the gNB. As only noise will be present on the punctured resources, the impact would not be significant even if the gNB is not aware of the puncture. If the resources overlap in frequency, some signaling could be beneficial for eMBB reception but the use case and performance/complexity tradeoff need further investigation. The gNB can typically avoid the overlapped resource allocation. So overall it is considered useful to support high priority for UL grant free transmission even without introducing any additional signaling.
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Fig 1: URLLC transmission with UL grant free resource

URLLC typically would use type 1 configured grant (a.k.a. grant-free here) as it is designed for latency-sensitive applications. But different URLLC can different latency/reliability requirement, and type 1 configured grant may also be used for other applications. Instead of always allow type 1 configured grant to take higher priority than grant-based PUSCH, it is better to make it configurable, so that the gNB can control which services can use this feature.
When the URLLC data comes, there may not be sufficient time to completely cancel the grant-based PUSCH. So an easy approach that can be applicable in all cases is to stop the eMBB transmission when URLLC transmission starts (without resuming afterwards).
Proposal 1: At least for Type 1 configured grant, it is configurable whether PUSCH using configured grant takes higher priority than grant-based PUSCH. When configured grant takes higher priority, the grant-based PUSCH transmission is stopped when the PUSCH using configured grant starts the transmission.
2.2
URLLC using resources for grant-based eMBB PUSCH

When URLLC data comes too late to be prepared for the beginning of the scheduled eMBB resources, another option is to send URLLC data packet (when ready) that punctures the eMBB PUSCH, as shown in Fig. 4. This operation is similar to inter-UE puncturing scheduling in DL. The benefit of this operation is reduced latency since URLLC data packet can be transmitted right away with the already allocated resource for eMBB transmission without any collision possibility. The potential problem related to this scheme is the corrupted eMBB data. Similar as DL operation, sending puncturing indication information to gNB might be necessary to minimize the impact on eMBB performance. How to send the puncturing information (e.g. together with URLLC data or as dedicated control signalling) needs to be discussed further in RAN1 in this case. Due to the complexity of this scheme, we think the discussion can be deferred to a later release.
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Fig. 2. Example operation of Intra-UE puncturing 

2.3
Grant-based eMBB PUSCH vs grant-based URLLC PUSCH

Another scenario that was mentioned in [1] is illustrated in Fig. 3. Note that the URLLC transmission could also start from the middle of the eMBB resources. This scenario could occur if:

· the URLLC data comes too late for the UE to prepare URLLC to be transmitted in the scheduled UL resources (but unlikely as the UE needs to go through SR for the URLLC UL grant to happen), or 
· the scheduled UL resource is not suitable for URLLC data transmission (e.g. TTI is too long that cannot satisfy the latency requirement), or

· the gNB may need to use UL grant to schedule retransmission for a grant-free initial transmission, and the detection of the grant-free initial transmission may come after the eMBB UL grant.
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Fig. 3. Overlap of grant-based eMBB and grant-based URLLC PUSCH (borrowed from [1])
In this case it makes sense to have the later UL grant override the earlier UL grant. Similarly as the discussion in section 2.1, the UE may not have time to completely cancel the transmission for the earlier grant. So the UE can stop the earlier transmission when the later transmission starts.
Proposal 2: If a later UL grant resource allocation overlaps in time with an earlier UL grant, it overrides the earlier UL grant, meaning that the UE stops the earlier transmission when the later transmission starts.

5
Conclusion

This contribution addresses the issue of intra-UE UL multiplexing of eMBB and URLLC traffic. We have the following proposals:

Proposal 1: At least for Type 1 configured grant, it is configurable whether PUSCH using configured grant takes higher priority than grant-based PUSCH. When configured grant takes higher priority, the grant-based PUSCH transmission is stopped when the PUSCH using configured grant starts the transmission.
Proposal 2: If a later UL grant resource allocation overlaps in time with an earlier UL grant, it overrides the earlier UL grant, meaning that the UE stops the earlier transmission when the later transmission starts.
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