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1. Introduction 

In the previous meetings, there are few discussions on UL multiplexing with different transmission durations. In this contribution, we discuss our considerations of UL multiplexing with different transmission durations.

2. Discussion
For URLLC service, shorter duration of data transmission is adopted to satisfy the requirement of low latency, while for eMBB service longer data duration is used. In NR, services with different latency requirements can be transmitted simultaneously. In order to satisfy the low latency requirement, URLLC transmission needs to multiplexed with eMBB transmission on one carrier. There are two options for multiplexing URLLC and eMBB data transmissions. One is to reserve a certain amount of resources for URLLC data transmission. If the URLLC traffic is periodic and constant, it is efficient to reserve such resources. However, if the traffic is sporadic, resource reservation for URLLC data would result in low resource utilization. 
For UL multiplexing data with different transmission durations, a simple method is by gNB scheduling. eMBB and URLLC UE can use the same scheduling granularity e.g. slot-based scheduling with the same numerology, or non-slot-based scheduling. The timing between UL grant and data transmission can be reduced to meet latency requirement. For this method, no specific specification impact is expected and no additional UE behavior is introduced. 
Proposal 1: UL multiplexing data with different transmission durations based on gNB scheduling should be the baseline scheme. 
Inter-UE multiplexing
Similar to DL multiplexing of URLLC and eMBB data transmissions, dynamic multiplexing of UL eMBB and URLLC data transmissions has the advantage of improving resource utilization efficiency. Compared with DL, UL multiplexing data with different transmission durations is more complicated. Unlike DL where preemption is performed at gNB side and is transparent to UEs, UL multiplexing of eMBB and URLLC data may be associated with different UEs. One eMBB UE is not able to know when and on which resources an URLLC data transmission from a different UE starts, especially when the URLLC data is transmitted by the grant-free transmission. Some proposed that data transmission of eMBB UE can be suspended by a suspending indication, where the suspending indication can be transmitted using UL grant, or other signal/channel. For the suspending transmission of eMBB data, there are two cases that should be taken into account. 
1) URLLC services arrive before eMBB UL data transmission. 
In this case, UL grant of eMBB has been transmitted to eMBB UE. URLLC services for a URLLC UE with higher priority occur between eMBB UL grant and eMBB data transmission. If no dedicated resources are reserved for URLLC data transmission, gNB needs to multiplex the URLLC data transmission on the allocated eMBB resources. In order to notify the impacted eMBB UE, gNB needs to transmit an indication to suspend UL transmission of eMBB UE. After receiving the suspension indication, the eMBB UE postpones the data transmission until receiving a new UL grant. As shown in Fig.1, eMBB UE, UE1, is scheduled for a UL data transmission in slot n, where URLLC service for UE2 arrives before slot n. gNB transmits a suspending grant for UE1 before data transmission in slot n and postpones the eMBB UL transmission. Then the URLLC data of UE2 are transmitted in slot n. The eMBB transmission can be scheduled based on a later grant by gNB. 
This method can achieve the dynamic multiplexing of eMBB and URLLC service. In above discussion, additional suspending grants should be specified. Besides, the eMBB UE needs to monitor the potential suspending grant before each UL transmission.      
Proposal 2: The grant to suspend UL transmission of eMBB UE should be further investigated.
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Figure 1. Example of suspending eMBB transmission by a grant
2) URLLC services are scheduled in the resources of ongoing eMBB UL transmission. 
gNB or URLLC UE can transmit an announcement signal to indication the potential resource of occupation via special channel or signal. Once eMBB UE detects or decodes the channel or signal, it suspends the corresponding UL transmission symbols or mini-slots (group). Taken Fig.2 as an example, UE 1 uses slot n for UL eMBB transmission. During the transmission, it detects the announcement signal from UE 2 or gNB for a preempted symbol or mini-slot. eMBB UE will skip or stop the transmission of the symbol or mini-slot. The corresponding data in the canceled symbol or mini-slot will be transmitted by later retransmission or scheduling. There are two concerns with this solution from the eMBB UE perspective, firstly the eMBB UE PDCCH monitoring will be increased since the UE is required to keep monitor the announcement signal during the UL transmission with a mini-slot or symbol granularity, which increases the UE power consumption. Secondly, the solution does not work for TDD where no DL resource is available for the announcement during the UE UL transmission. 
If the UL transmission from the URLLC UE is grant-based, the announcement signal for eMBB UE can be provided by the gNB. If the UL transmission from the URLLC UE is grant-free based, it may be considered to allow the URLLC UE to transmit the announcement signal. However, when URLLC UE is far away from eMBB UE, eMBB UE may not receive the announcement signal, even URLLC UE transmits with full power. This may lead to potential interference between eMBB and URLLC transmission.
Observation 1: eMBB UE suspending transmission based on an announcement signal during the on-going UL transmission may lead to additional UE power consumption, complexity, or interference arise. 
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Figure 2. Example of suspending eMB transmission based on announcement signa
Intra-UE multiplexing

For a UE with both eMBB and URLLC services simultaneously, the transmissions of eMBB data and URLLC data can be multiplexed to satisfy the low latency service requirement. If no dedicated resources are reserved for URLLC services, the URLLC data may be transmitted on the eMBB resources. 

In case of scheduling for an URLLC transmission, if the URLLC data transmission is scheduled by an URLLC grant before the eMBB data transmission starts, UE can suspend the scheduled eMBB data transmission after receiving the URLLC grant. On the other hand, if the URLLC data transmission is scheduled by an URLLC grant during the eMBB data transmission, UE can suspend the remaining eMBB data transmission once starting the URLLC data transmission.
It was agreed that URLLC data can be transmitted using UL grant-free resources, which are configured by RRC or L1 signaling. In this case, when gNB schedules an eMBB data transmission by UL grant, gNB is no aware of when the URLLC data with high priority will be transmitted on the grant-free resources. After receiving an UL grant scheduling eMBB data transmission, UE can also use the grant-free resource to transmit URLLC data. To satisfy the low latency requirement, whether and how to ensure URLLC data transmission should be further discussed when the grant-free transmission and the scheduled eMBB transmission collide. 
Proposal 3: In case of multiplexing of URLLC grant-free data transmission and eMBB data transmission for a UE, further discussion on how to ensure URLLC data transmission is needed.
3. Conclusion

In this document, we discuss the considerations about UL multiplexing data with different transmission durations. The observation and proposals are summarized as follows:
Observation 1: eMBB UE suspending transmission based on an announcement signal during the on-going UL transmission may lead to additional UE power consumption, complexity, or interference arise. 
Proposal 1: UL multiplexing data with different transmission durations based on gNB scheduling should be the baseline scheme. 
Proposal 2: The grant to suspend UL transmission of eMBB UE should be further investigated.

Proposal 3: In case of multiplexing of URLLC grant-free data transmission and eMBB data transmission for a UE, further discussion on how to ensure URLLC data transmission is needed.[image: image3.png]
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