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Introduction
NR should support different types of services having different latency requirements and/ priorities (e.g. URLLC and eMBB services). This is achieved by supporting different transmission durations, i.e., mini-slot or slot transmission. Multiplexing of data with different priorities can have two possibilities which are described below:
1) Semi-static multiplexing of different transmission durations: In this mode of operation different transmission durations operate on different frequency allocations. The data with different latency requirements can then be transmitted on different time scales such as on slot level or mini-slot level. The data with different priorities may also be transmitted on the same time scale, i.e., with mini-slots or with slots. Furthermore, the dedicated bands can be semi-statically configured and do not need any special considerations from RAN1 perspective. However, in case of sporadic high priority traffic, this option is not very resource efficient and leads to low spectral efficiency.  

2) Dynamic multiplexing of different transmission durations: The second scenario is to allow dynamic multiplexing of different transmission durations within the same time and/or frequency resources. This can be implemented in the so-called co-existence region or over the entire time-frequency grid. The advantage associated with dynamic multiplexing is better resource sharing and utilization among data traffic with different latency requirements and/or priorities. However, it requires special RAN1 considerations to allow an on-going transmission of slot length to be punctured by a shorter mini-slot transmission. It would further need some assumptions on what traffic is the most important traffic from the UE side.
In case (2), prioritization of the mini-slot based transmission over slot-based transmission may lead to the need of puncturing the on-going slot transmissions with mini-slot. Puncturing in DL is relatively straight-forward and the solutions are discussed in [1]. For the puncturing in UL, we can consider two cases separately: (1) mini-slot data from UE1 punctures slot data from UE1 (intra-UE puncturing) and, (2) mini-slot data from UE1 punctures slot data from UE2 (inter-UE puncturing). 
As the baseline, a UE with mini-slot data should send SR, preferably on mini-slot level, for the gNB to act on as it sees fit. In addition, semi-persistent scheduling (SPS) is also supported in NR. Furthermore, we assume that high priority traffic will be mainly scheduled with mini-slots, if it requires low latency. It is however worth noting that there is not necessarily a one-to-one mapping between high priority services and low latency requirement, and therefore a high priority service can use a normal slot transmission and low priority traffic may also use mini-slot structure as well. 
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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. 
Furthermore, when a UE has different traffic types operating on different time-scales (i.e. slot and mini-slot), the solution can differ depending on the scheduling. 

[bookmark: _Hlk506580768]For transmission with dynamic grant:
In this case, the UE has received a grant for a slot-length transmission and it later receives a grant for a mini-slot transmission of high priority that overlaps in time and are both on the same resource blocks. This second grant is on a mini-slot basis and therefore has a different timing. In this case the latest received grant should be used by the UE, and the earlier planned transmission should thus be cancelled. The opposite case cannot happen, i.e., a UE that has a grant for mini-slot transmission will not receive a grant for slot-based transmission, as the gNB can avoid doing that.
The UE would in this case transmit SR for a mini-slot resource, and receive an UL grant. This may then be required also while sending data.
[bookmark: _Toc506581567][bookmark: _Toc506582132]It is beneficial if the UE is able to transmit a high priority SR even if it is already transmitting PUSCH. The same is true for PUCCH if the UE is able to distinguish between high and low priority HARQ feedback.

Here, the UE takes the latest UL grant as valid, thereby possibly interrupting another planned or ongoing transmission.
1. The latter received UL grant has priority, if the granted resources overlap in time. 

For transmission with configured grant:
For low-latency communication, grant-free UL transmission is supported in NR. In this case, the UE may have received a dynamic grant for a slot-length transmission which overlaps at least partially in time and frequency resources with a grant-free mini-slot transmission of high priority. If the mini-slot transmission is to be prioritized over the slot-length transmission, the dynamically granted traffic in slot should be cancelled in the overlapping resources. The prioritization of a particular transmission, either scheduled by grant-based or configured by grant-free, is handled by LCP. MAC prepares data for transmissions of higher priority and delivers to PHY.
Here, PHY transmits the received data from MAC, regardless of when this is received.
[bookmark: _Toc506581569][bookmark: _Toc506582133]For UL transmission with configured grant, PHY transmits data that is delivered by MAC, with prioritization handled by MAC.
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 the case a UE1 sends SR for a mini-slot transmission and later receives an UL grant. Thus, for the UE transmitting mini-slot there is no special impact.
For the UE2 transmitting (or is about to transmit) slot-length UL data the following mechanisms are required:
· A DL control message should be received
· The slot data transmission should be interrupted.
To perform the first task the UE2 is required to have sufficient CORESETs configured so that DL control can be received. Thus, if the UE2 is not configured with an appropriate CORESET 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 slot-based UEs will need to monitor all mini-slot CORESETs, instead this is a matter of scheduling.
[bookmark: _Toc506581570][bookmark: _Toc506582134]The monitoring of CORESET is a matter of scheduling.

To perform the second task, we can again refer to the rule proposed in Proposal 1; the latest UL grant should be valid. Thus, if UE2 receives an UL grant for the HARQ process it is transmitting or about to transmit, it should apply the timing indicated in the new UL grant, and thereby interrupt the original transmission. The new UL grant will thereby act as a suspend command for the transmission in question.

For transmission with configured grant:
In the case UE1 in the example above has a configured grant it can transmit in UL without sending SR first. If then another UE2 has been granted a slot-based 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:
Observation 1	It is beneficial if the UE is able to transmit a high priority SR even if it is already transmitting PUSCH. The same is true for PUCCH if the UE is able to distinguish between high and low priority HARQ feedback.
Observation 2	For UL transmission with configured grant, PHY transmits data that is delivered by MAC, with prioritization handled by MAC.
Observation 3	The monitoring of CORESET is a matter of scheduling.
Observation 4	Inter-UE UL pre-emption with configured grants is effectively UL MU-MIMO.

Based on the analysis, we make the following proposal:
Proposal 1 The latter received UL grant has priority, if the granted resources overlap in time. 
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