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Introduction
The WI on New Radio (NR) Access Technology was approved at RAN #75. The objective of this WI is to specify the NR functionalities for eMBB and URLLC. In this contribution, we discuss the UL multiplexing of grant-based UL eMBB and URLLC. In our companion paper [1], the UL multiplexing of grant-based eMBB and grant-free URLLC is discussed.
UL scheduling for eMBB and URLLC
The reliability required by URLLC traffic could be 99.999% within 1-ms bound. Due to such high requirements, the resources needed by URLLC packets are generally much narrower in time domain and wider in frequency domain than that needed by eMBB packets.
URLLC traffic could be periodic and sporadic. The periodic URLLC could be predictable. Using preserved dedicated wide-band resource to support periodic URLLC traffic is an efficient manner. What is more difficult is how to efficiently meet the high requirement for the sporadic URLLC traffic which is usually unpredictable. Preserving wide-band resource in each millisecond for sporadic URLLC traffic would cause a considerable waste and is hardly acceptable. Therefore, at least for sporadic URLLC traffic, multiplexing of eMBB and URLLC needs to be considered in WI NR in both DL and UL.
Comparatively speaking, DL multiplexing needs more standardization efforts and some meaningful progresses on DL multiplexing have already been achieved in RAN1. Regarding to the UL multiplexing of eMBB and URLLC, although gNBs may handle most of problems, some guiding conclusions and necessary standardization efforts are still required for the purpose to support URLLC service in the preliminary state of NR deployment.
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In the discussions on UL multiplexing of grant-based eMBB and URLLC, two cases are considered, i.e. intra-UE UL multiplexing and inter-UE UL multiplexing.
Intra-UE multiplexing
Intra-UE multiplexing means that a user has an on-going eMBB UL transmission when a URLLC UL transmission of it is triggered. In this case, the resource for URLLC transmission could be assigned by the gNB or selected by the user-self. For instance, the user could reuse its eMBB resource for the urgent URLLC transmission.
If separated resource is assigned for URLLC transmission, the resource of eMBB and URLLC would be overlapped in time domain but be non-overleaped in frequency domain. In this case, how to operate power control and as well as how to allocate UL power between eMBB and URLLC transmissions need further considerations and discussions. One principle should be followed that URLLC traffic should have higher priority.
If reusing eMBB resource for URLLC transmission, some of resources of eMBB and URLLC would be overlapped in both time domain and frequency domain. In this case, how to operate the overlapped transmissions needs specified, e.g. the URLLC transmission could puncture or superpose over eMBB transmission. Puncturing is a simple way and requires limited standardization efforts. Superposition can provide some additional throughput improvement compared with puncturing. Especially, in intra-UE multiplexing case, two signals superposed together are from the single source. RS can be shared between them. Specific designs required by intra-UE superposition are less than that by inter-UE case. Further evaluations and discussions are necessary for which manner should be adopted in NR, puncturing, superposition or both puncturing and superposition.
Proposal 1: For intra-UE multiplexing of grant based eMBB and URLLC, NR considers URLLC traffic punctures or/and superposes over the on-going eMBB transmission.
Inter-UE multiplexing
[bookmark: OLE_LINK2]Inter-UE multiplexing means that the eMBB transmission and the URLLC transmission which are multiplexed together belong to different users. The key point to support inter-UE multiplexing is whether the gNB is able to stop or suspend the on-going eMBB uplink transmission. If this is the case, the gNB could take back this resource and assign it for URLLC transmission.
However, stopping or suspending an on-going eMBB uplink transmission is kind of challenging. On one hand, it requires the gNB has resource to send messages to users while the gNB is receiving signal from the users. TDD system cannot meet this requirement. On the other hand, the user devices needs to be duplex, or in other word, the user devices should be capable of simultaneously sending and receiving. The on-going eMBB transmission sent by a half-duplexing user cannot be stopped or suspended by an explicit signaling. In conclusion, stopping or suspending an on-going eMBB uplink transmission is not always feasible.
Even though stopping an on-going eMBB uplink transmission is possible, all potential victim eMBB users will be required to monitor dynamic stopping signaling per URLLC transmission time unit to bring the early stop into effect. Such frequent detections would increase power consumption of the potential victim users.
Besides, the requirement for miss detections of this dynamic stopping signaling must be high because any of miss detections of the dynamic stopping signaling can cause an interference to the URLLC UL transmission, i.e. a threat to the reliability of URLLC transmission. In order to meet the high reliability of this dynamic stopping signaling, the resource for transmissions of the dynamic signaling would be non-negligible. Where can seek the resource to transmit this dynamic signaling? How to guarantee the low miss detection probability of this dynamic signaling? Some critical issues need to be solved. Behind these issues, standardization efforts are required.
Observation 1:
· Early stopping or suspending an on-going uplink transmission is not always feasible, e.g. for TDD gNBs/half-duplex users.
· Dynamic signaling which is required by early stopping or suspending an on-going uplink transmission would 
· Increase power consumption of potential victim eMBB users due to frequent detections of the dynamic signaling, and
· Need standardization efforts for specific designs of the dynamic signaling and the corresponding monitoring mechanism.

Another way is to leave the victim eMBB users unaware of the existence of URLLC grabbers. In this case, advanced receivers must be a standard equipment of gNBs. Considering that NOMA has been widely discussed since Rel-13, having an advanced receiver is far from excessive to gNBs. It is a rational requirement to gNBs. The scope of NOMA in NR has already been involved in SI. NOMA could be an enabler for UL multiplexing of eMBB and URLLC in inter-UE case.
[bookmark: OLE_LINK3]Observation 2: NOMA techniques and the corresponding advanced receivers could be an enabler for inter-UE UL multiplexing of eMBB and URLLC.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, grant-based UL eMBB and URLLC multiplexing are considered. The following observations and proposal are achieved:
Proposal 1: For intra-UE multiplexing of grant based eMBB and URLLC, NR considers URLLC traffic punctures or/and superposes over the on-going eMBB transmission.
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Observation 2: NOMA techniques and the corresponding advanced receivers could be an enabler for inter-UE UL multiplexing of eMBB and URLLC.
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