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1 Introduction

DL multiplexing with different transmission durations is supported in NR release 15 and a pre-emption indication was introduced to indicate whether a block of time-frequency resource is pre-empted or not for short duration transmission so that impacted eMBB UEs transmission with long duration can null the corresponding part in the buffer. UL transmission with different durations is possible and transmission with short duration is based on grant free. However, UL multiplexing with different durations was not discussed very much. It is expected that similar scheme as DL can be supported in UL so that UL and DL can have similar efficiency.  
This contribution discussed aspects of the UL multiplexing with different transmission durations. 
2 Discussion
Assuming UL grant free transmission is used for URLLC services, resources are pre-configured. Due to the short latency requirement, resources must be reserved in a very frequent manner, meanwhile packets of URLLC services arrival in an infrequent and sporadic manner, and together result in a big amount of reserved resources wasted when no packet to transmit. To improve the efficiency, multiple URLLC UEs may be configured to share the same set of resources and different UEs can access the resources based on contention, but limited by the collision probability which is determined by the reliability requirement of URLLC services, it is not realistic to configure many URLLC UEs to share the same resources. 
As discussed, resource efficiency cannot really be improved by multiplexing only URLLC UEs. To achieve similar efficiency as in DL, it is proposed to support dynamic UL multiplexing between eMBB UEs and URLLC UEs and more generally, to support dynamic UL multiplexing with different transmission durations. 
Proposal 1: it is proposed to support dynamic UL multiplexing with different transmission durations. 

Ideally it is expected that resources are used by eMBB UEs when it is not needed by URLLC UEs but when a resource is needed by a URLLC UE, it must be able to be released quickly from the eMBB UEs. In that case, the gNB needs to know in advance when a resource is needed by a URLLC UE. An enhanced SR based solution was proposed [1], a dedicated SR can be indicated by a URLLC UE to the gNB before it starts to access the resource and the gNB can response the SR with a DL indication to indicate which UE can access the resources as shown in Figure 1. This inserted SR-response step increases the latency of the initial UL transmission so enhancements are required for the SR and response procedure if it wants to be used by URLLC services. 
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Figure 1 SR based UL multiplexing with different transmission durations
Dedicated SR resources for a single UE can have another usage, i.e., the gNB can use it to identify the UE and the gNB does not need to do blind detection of DMRS to identify a UE. As there is no intra-cell interference, the reliability of SR detection might be more reliable than that of DMRS detection but it also requests many dedicated resources reserved for each URLLC UE in connected mode which on the contrary reduces the overall UL efficiency. 
A RACH-like channel can be considered for SR transmission, multiple URLLC UEs can be configured to share the same set of SR resources, one resource can be randomly selected and indicated to the gNB, and then the gNB can use the index of the detected resource to address the UE in the DL indication. The sequence pool size can be selected according to a target collision rate and obviously a smaller pool is possible when a higher collision rate is acceptable. With this proposal, less SR resources need to be reserved and since SR resources are shared by different UEs, it cannot be used to identify a UE. It is assumed that the UE still needs to be identified with the transmitted DMRS. 
Proposal 2: it is proposed to enhance the SR-response procedure so that it can be used by URLLC services. 

Additionally, it was considered for the DL indication to indicate eMBB UEs to suspend the UL transmission to avoid interference. Some eMBB UEs are scheduled by assuming the reserved resources for URLLC UEs will not be used and an eMBB UE will use all scheduled resources for the UL transmission unless a suspension is indicated. 
Considering the short latency requirement of URLLC, it is expected that the UL transmission can start as soon as possible after the SR is indicated, suspension indication is between the SR and the UL transmission, and the gap from the suspension indication to the exact suspension position is even smaller. Depends on the gap size, there could be several options for the eMBB UE to proceed, e.g., if the gap is big enough for the UE to reproduce the RF signals, to do rate matching around the reserved resource otherwise to skip the suspension period or even the whole slot and transmit the remaining part of the already produced RF signals. 
Suspension indication could be different, and for the option with reproducing the RF signals, the exact time frequency resource for suspension needs to be included. Without the resource clearly indicated, the UE may suspend the transmission of the whole slot. 
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Figure 2 eMBB UL transmission with suspension indication
As shown in Figure 2, after a SR is received from a URLLC UE, the gNB needs to first indicate the URLLC UE to start its transmission and second indicate relevant eMBB UEs to suspend their transmissions. Two indications could be in the same DCI or separate DCIs. Considering eMBB UEs are scheduled dynamically while resources for URLLC UEs are pre-configured and semi-static, it may happen that an eMBB UE’s transmission overlaps with reserved URLLC resources in some slots  but does not in other slots. In slots with no overlapping, an eMBB UE can skip the monitoring of the suspension indication which can help to save the UE power consumption. 
Additionally, the number of eMBB UEs in connected mode might be big but the number of UEs scheduled in each slot normally is much smaller, it is more efficient to use a relative index among all scheduled UEs in the slot rather than a unique ID of the whole cell like RNTI to address a UE. When an eMBB UE is first scheduled, the gNB can indicate this UE in the UE specific DCI if it needs to monitor the suspension indication and if it does, a temporary ID (called suspension ID below) can be allocated which is valid only in the scheduled period. After that, before transmission in each slot, this UE needs to check if it is addressed for suspension by detecting its suspension ID. No suspension ID detected means it can continue the scheduled transmission. Multiple suspension IDs can be included in one group common DCI. 
Proposal 3: it is proposed to support transmission suspension to enable UL multiplexing with different durations. 
3 Conclusions
Multiple aspects of UL multiplexing with different transmission durations were discussed and based on our discussion, we have the following proposals:  

Proposal 1: it is proposed to support dynamic UL multiplexing with different transmission durations. 

Proposal 2: it is proposed to enhance the SR-response procedure so that it can be used by URLLC services. 

Proposal 3: it is proposed to support transmission suspension to enable UL multiplexing with different durations. 
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