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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
In general, the latency and reliability requirements of eMBB are not as urgent as that of URLLC. One slot or slot aggregation can be used for UL eMBB transmission. For URLLC, the sporadic traffic characteristics needs to be considered. The resource allocated to URLLC is preferable to be short in time in order to satisfy the tight latency requirement. In addition, a relatively wide bandwidth is preferred considering the high reliability requirement. For UL URLLC transmission, the scheduling delay, i.e. time between UL grant and corresponding UL data transmission should be minimized as much as possible. For UL eMBB transmission, however, considering the preparation time needed for data transmission, the scheduling delay can be relatively longer than URLLC. This is illustrated in the Fig. 1 below. The scheduling grant for eMBB UL transmission in Slot #n is transmitted in Slot #(n-n1) while the scheduling grant for URLLC in the mini-slot(s) within the time of Slot #n is transmitted after Slot #(n-n1).


[bookmark: _Ref480534101]Fig. 1 UL scheduling for eMBB and URLLC
In slot #(n-n1), since the gNB cannot predict whether or not there will be any URLLC transmissions in slot #n, it is inefficient for the gNB to always reserve a large amount of resources for potential URLLC traffic. At the same time, considering wide bandwidth needed for URLLC there could be cases that after scheduling the eMBB in slot #(n-n1) the remaining available resources in the slot #n is not enough for URLLC. On the other hand, it is not always feasible to delay the UL URLLC transmission  in order to meet the low latency requirement. As a result, the multiplexing of grant-based eMBB and URLLC in the same time-frequency resources in slot #n should be considered. 
Observation 1: Multiplexing grant based eMBB and URLLC in the same set of time-frequency resources should be considered.
[bookmark: _Ref129681832]UL multiplexing of grant-based eMBB and URLLC 
For UL multiplexing of grant-based eMBB and URLLC, both intra-UE and inter-UE cases should be considered. 
Intra-UE multiplexing
Still taking the example in Fig.1, after scheduling the eMBB in slot #(n-n1), it is possible a UL URLLC packet arrives at the UE and the gNB sends an UL grant for the URLLC packet in Slot #n. The resources allocated to eMBB and URLLC transmissions may be either overlapped or non-overlapped. For the non-overlapped case, whether both eMBB and URLLC can be transmitted at the same time may depend on the UE capability, the maximum transmit power, etc. In any case, the URLLC transmission should have higher priority than eMBB. For the overlapped case, the UE can puncture or superpose the eMBB data on the overlapped resources with URLLC. Besides, whether to drop the eMBB data that is mapped to non-overlapped resources may depend on the UE capability, the ratio of overlapped resources to the scheduled resources, the UE transmit power limitation, and etc.
It needs further discussion and evaluation whether puncturing or superposition is optimal for transmission of eMBB data in overlapping areas with URLLC. Superposition has the potential of increased throughput. Unlike inter-UE multiplexing, where transmission parameters are unknown, in case of intra-UE multiplexing, UE knows the parameters, e.g., MCS assigned for eMBB and URLLC, time-frequency resources, which can be exploited in some cases to perform superposition without affecting URLLC transmission quality. The UE should ensure that in the symbols of overlap region, URLLC transmit power is not sacrificed. Power sharing between eMBB and URLLC layers can be performed keeping total transmit power fixed, i.e., backing off some power from eMBB layer and assigning it to URLLC layer, or increasing total transmit power up to the maximum transmit power supported. Following aspects can be considered:
a) What is the amount of overlap between the scheduled resources? E.g., 10% or 50% of a CBG or a TB of eMBB data? For small overlap, superposition can be achieved, whereas for large overlap, puncturing may be needed, as reducing power for eMBB layer too much would result in failed CBG or TB transmission anyways.
b) [bookmark: _GoBack]What are the MCSs chosen for URLLC and eMBB? For example, if URLLC MCS is low, eMBB layer power can be reduced over the shared region (i.e., back-off power requirement may be low). If URLLC MCS is too high, then superposition may not be feasible, specially for power limited UEs.
Superposition would require advanced receiver, as opposed to orthogonal transmission by puncturing. Based on the above analysis, we propose to study both puncture and superposition of the eMBB data on the overlapped resources for URLLC for intra-UE multiplexing of grant based eMBB and URLLC. Besides, whether to drop other eMBB data on the non-overlapped resources needs further study.
Proposal 1: For intra-UE multiplexing of grant based eMBB and URLLC, NR considers both puncturing and superposition of the eMBB data on the overlapped resources with URLLC.  
Inter-UE multiplexing
If the gNB schedules UL URLLC data in slot #n while these resources have already been scheduled to another eMBB UE, the inter-UE multiplexing in the slot #n should be solved. There are two options.
Option 1: gNB takes back the resources scheduled for eMBB UE
The eMBB UE is scheduled in slot #(n-n1) to initiate an UL transmission in slot #n. However, part or all of the resources may be allocated to another URLLC UE later on. Therefore the new scheduling decision is unknown to the eMBB UE. Since the URLLC scheduling is sporadic and the timing relationship between UL grant and corresponding data transmission may be indicated dynamically, the eMBB UE has no idea of what time the gNB would possibly take back the allocated resources. Neither which resources the gNB would like to takes back. As a result, in every short scheduling unit within a time window for URLLC, the eMBB UE needs to be informed whether the gNB would take back the allocated resources. Accordingly the eMBB UE should be mandated to monitor the DL control channel in scheduling granularity for URLLC. This poses power consumption for the eMBB UEs. Moreover, the reliability of eMBB UE monitoring DL control channel and stopping on-going UL transmission should exceeds the reliability requirement of URLLC. Otherwise, the on-going eMBB transmission would interfere UL URLLC data and decrease the URLLC reliability. Even if URLLC uses mini-slot, stopping an on-going slot-based eMBB transmission at the mini-slot granularity for all URLLC transmission may not be feasible. This would result in excessive signaling overhead and specification efforts are needed.
In addition, in case slot aggregation is applied for eMBB, the UL transmission may still have to be stopped by an incoming URLLC traffic on the same allocated resources. As shown in Fig. 2, the eMBB transmission is scheduled by aggregating six slots. Fourth slot is reassigned to URLLC traffic, by postponing eMBB transmission, which resumes in next slot.
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[bookmark: _Ref480968309]Fig. 2 eMBB transmission is paused when URLLC packet arrives
The SR based uplink transmission for URLLC is discussed in [2]. If the grant-based URLLC is based on SR, some resources may need to be reserved for sending SR of URLLC traffic (not shown in figure), i.e., eMBB transmission may not fully utilize the resources within a slot, regardless of whether there is any URLLC traffic present or not.
Observation 2: It is infeasible to take back allocated eMBB resources using frequent indication due to the additional UE power consumption and the requirement of ultra-high reliability of eMBB UE monitoring.
Option 2: Occupy the overlapped resources simultaneously by eMBB and URLLC
Assuming the eMBB UE is unaware of the potential URLLC transmission on part of its allocated resources, the eMBB UE and URLLC UE same transmit on the same resources. At the gNB side, it is possible to perform interference cancellation with advanced receiver. To further mitigate the interference, an improved power control mechanism for UL URLLC transmission can be considered. Furthermore, the non-orthogonal multiple access (NOMA) is promising to enable inter-UE UL eMBB and URLLC multiplexing with overlapped resources. This can be considered in the SI of NOMA.
Observation 3: It is possible to multiplex UL eMBB and URLLC by simultaneous transmission on overlapped resources with advanced receiver and improved power control mechanisms.
Based on the above discussion, it is proposed to support inter-UE UL multiplexing of grant-based UL eMBB and URLLC with advanced receiver and power control enhancements.
Proposal 2: For inter-UE multiplexing of grant based eMBB and URLLC, advanced receiver and power control enhancements can be considered.  
Conclusion
In this contribution, grant-based UL eMBB and URLLC multiplexing considerations in NR is discussed. The following observations and proposals are achieved:
Observation 1: Multiplexing grant based eMBB and URLLC in the same set of time-frequency resources should be considered.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 2: It is infeasible to take back allocated eMBB resources using frequent indication due to the additional UE power consumption and the requirement of ultra-high reliability of eMBB UE monitoring.
Observation 3: It is possible to multiplex UL eMBB and URLLC by simultaneous transmission on overlapped resources with advanced receiver and improved power control mechanisms.
Proposal 1: For intra-UE multiplexing of grant based eMBB and URLLC, NR considers both puncturing and superposition of the eMBB data on the overlapped resources with URLLC.  
Proposal 2: For inter-UE multiplexing of grant based eMBB and URLLC, advanced receiver and power control enhancements can be considered. 
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