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Introduction
In this paper we discuss the possibilities of allowing pre-emption in UL, and discuss the two main types of pre-emption:
· Intra-UE pre-emption, where the same UE has two types of traffic of which one type is prioritized.
· Inter-UE pre-emption, where different UEs have data with different priorities.
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Enabling of intra-UE UL pre-emption
In the intra-UE UL pre-emption scenario, the same UE has UL traffic with different latency requirements to transmit. This may be a less common scenario that requires physical layer handling, since a UE will likely focus on one traffic type during a certain time using higher layer mechanisms, either delay tolerant data or delay intolerant data. 
For this case, when sTTI is used for high priority traffic, the already standardized rules for prioritizing sTTI channels over subframe channels can be used.
The sTTI prioritization rules can be used to achieve UL intra-UE pre-emption.
Enabling of inter-UE UL pre-emption
In the inter-UE UL pre-emption scenario, two UEs are involved, making it more complex since the UEs do not perform sensing of whether the channel is free or not. However, we will see that at SR-based pre-emption can be supported with moderate impact.

For transmission with dynamic grant:
In this case a UE1 sends SR for a sTTI transmission and later receives an UL grant. Thus, for the UE transmitting sTTI with prioritized traffic there is no special impact.
For the UE2 transmitting (or is about to transmit) UL data on the same resource the following mechanisms are required to support pre-emption:
· A DL control message should be received
· The transmission should be interrupted.
To perform the first task the UE2 is required to have sufficient DL control monitoring configured so that DL control can be received. This means that if the UE2 only monitors PDCCH it can only be indicated at those occasions. In this case the use case for pre-emption indication is limited. But given that the time between scheduling and UL transmission is n+3 TTI at the lowest, there is a window of usefulness. If the BS can indicate in n+1 or n+2 that the transmission should be cancelled or delayed, there is still a point in doing so.
For eMBB UEs monitoring PDCCH only a grant can be cancelled or delayed in n+1 or n+2 after the original UL grant.

A better scenario is when the eMBB UE is also scheduled with sPDCCH. Then the UL grant for UE1 can be sent in the same sPDCCH occasion as a delay command to UE2.
For eMBB UEs monitoring sPDCCH a grant can be cancelled or delayed in the same sPDCCH occasion as the prioritized UL grant is sent.
The DL control to the eMBB UE can consist of a UL grant for the same HARQ process as the upcoming transmission. The interpretation is then to apply the standard n+3 or n+4 timing to the new grant, which effectively delays the transmission.
A delay command can consist of transmitting a new UL grant for the same HARQ process.

Thus, if the UE2 is not configured with an appropriate DL control monitoring it is not eligible for UL pre-emption. The BS has the task of finding a suitable UE to re-schedule, or will otherwise not allow the pre-emption. It is therefore not so that all eMBB UEs will need to monitor all sPDCCH, but it is a matter of scheduling.
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Obviously, no legacy UEs could be eligible for UL pre-emption. 
For transmission with SPS UL:
In the case UE1 in the example above has an SPS grant it can transmit in UL without sending SR first. If then another UE2 has been granted the same resource, the BS has effectively scheduled for UL MU-MIMO. This is certainly possible, but no scheduling optimization should be introduced for this case.
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Conclusion
We make the following observations:
1. [bookmark: _Hlk506559604]The sTTI prioritization rules can be used to achieve UL intra-UE pre-emption.
For eMBB UEs monitoring PDCCH only a grant can be cancelled or delayed in n+1 or n+2 after the original UL grant.
For eMBB UEs monitoring sPDCCH a grant can be cancelled or delayed in the same sPDCCH occasion as the prioritized UL grant is sent.
A delay command can consist of transmitting a new UL grant for the same HARQ process.
The monitoring of DL control is a matter of scheduling.
Inter-UE UL pre-emption with SPS is effectively UL MU-MIMO.
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