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1	Introduction
One of the objectives of the study on NR Industrial IoT [1] is:
	a) [bookmark: _Hlk523733459][bookmark: _Hlk524612594]UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):
i) different latency and reliability requirements
ii) Different types of resource allocation for example grant-free and grant-based allocations
Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.



As can be concluded from the discussions, which took place during the scope refinement of this SI, the impacts on PHY layer are rather inevitable if the goal of this objective is to be met. This paper discusses the scenarios for UL and DL intra-UE prioritization with a focus on identifying potential impacts on PHY layer and areas where RAN1 work is required.
2	Intra-UE downlink prioritization
In Rel-15, DL-pre-emption was specified for NR allowing gNB to puncture an ongoing PDSCH transmission with another PDSCH transmission by scheduling the latter in the same resources where the first PDSCH transmission was ongoing. This functionality was developed mainly as a means for a gNB to schedule URLLC traffic belonging to one UE in the resources being utilized currently by another UE for reception of PDSCH associated with a lower priority service (e.g. eMBB). On the other hand, in case UE is monitoring PDCCH for URLLC while receiving PDSCH for eMBB, it could be also used as an indication for this UE to stop receiving current PDSCH transmission and receive according to a new grant instead. The overall principle is presented in Figure 1.


Figure 1. Intra-UE downlink pre-emption principle
Although the overall principle could be reused from Rel-15, there still might be some issues to be resolved, e.g. pre-emption indication might not be required, clarification of UE behaviour when receiving overlapping grants etc. This discussion should take place in RAN1 though as they are the ones who developed inter-UE pre-emption, which would be reused to a large extent.
Observation 1: DL pre-emption developed in Rel-15 for inter-UE prioritization could be reused for intra-UE DL prioritization. RAN1 should discuss the details of this solution.
3	Intra-UE uplink prioritization
When it comes to intra-UE uplink prioritization, the current UE behaviour as captured in MAC specification is that UE always prioritizes dynamic grant over configured grant. This does not consider the priority of the traffic, which can be carried over dynamic grant vs. the one to be sent over configured grant. The dynamic grant could be in theory used for sending URLLC traffic, but most likely it would not allow for meeting strict URLLC traffic’s delay requirements. URLLC related data will likely be subject to LCP restrictions forcing this kind of traffic to be mapped to PUSCH with a particular maximum PUSCH duration or to a specific SCS. At the moment MAC entity will only forward the configured grant to the HARQ entity in case there is no time overlapping dynamic grant received over PDCCH. Thus, additional prioritization rules for using dynamic vs. configured grant should be studied.
Observation 2: Additional rules are required for prioritizing usage of configured grant over usage of dynamic grant.
Two further sub-cases can be identified:
· Higher priority data, which could be mapped to configured grant arrives in the UE before dynamic grant has been provided to the HARQ entity
· Higher priority data, which could be mapped to configured grant arrives in the UE after dynamic grant was provided to the HARQ entity already (and thus the related PUSCH transmission has already started)
The first case could be handled within RAN2, but second one will definitely have impacts on PHY layer to specify the UE behaviour to stop the ongoing transmission and start the one related to the new grant instead. 
The related use case is presented on Figure 2 for the case where configured grant overlaps in frequency with dynamic grant and on Figure 3 for the case where they do not overlap with frequency.



Figure 2 Configured grant overriding dynamic grant with both grants overlapping in frequency


Figure 3 Configured grant overriding dynamic grant with grants not overlapping in frequency
[bookmark: _GoBack]Observation 3: RAN2 should study how to allow prioritization of higher priority traffic mapped to configured grant over the dynamic grant received earlier. 
Observation 4: RAN1 should study how to puncture the ongoing PUSCH transmission in case PHY layer is requested to perform another PUSCH transmission overlapping in time with the ongoing one.
In some of the previous discussions it was indicated that PHY layer would require some additional information from higher layers to deal with such situations. However, it is not clear what such information should contain, e.g. it might be enough to agree that in case new PUSCH transmission is requested from PHY by MAC, then PHY always drops the ongoing one and transmits according to the new request/grant. This is an aspect RAN1 could study and provide feedback for to RAN2. 
Observation 5: RAN1 could study PHY aspects of UL intra-UE prioritization without waiting for RAN2 progress. In case additional indications are required from higher layers, RAN1 should inform RAN2 about that.
Similar situation to the one described above for configured grant vs. dynamic grant related transmission can occur in case URLLC is using dynamic grants. In case the grant for eMBB (e.g. with long PUSCH duration) has been previously delivered to the UE and URLLC traffic, requiring shorter PUSCH, arrives in the UE, it would be beneficial if a new UL grant was provided to the UE where URLLC traffic could fit. This scenario is depicted on Figure 4.
[image: ]
Figure 4 Later UL dynamic grant overriding previously delivered UL dynamic grant
However, to realize such scenario, UE would have to send Scheduling Request to request resources for URLLC. If PUCCH resource for that is available before the scheduled transmission starts, then gNB could provide a new grant to the UE, which would override the previous one. If PUCCH resource overlaps in time with the scheduled PUSCH transmission, then some priority rules would have to be specified to allow for SR to be sent instead of PUSCH.
Observation 6: RAN2 should study how SR related to high priority traffic can be prioritized over PUSCH transmission for lower priority traffic.
Another aspect related to intra-UE prioritization in uplink is prioritization between control data related to URLLC (e.g. HARQ-ACK) over transmissions related to eMBB. Such aspect could be studied in RAN1 without waiting for RAN2 progress.
Observation 7: RAN1 can study PHY layer control data prioritization for URLLC over other transmissions without waiting for RAN2 progress.
4	Summary
The paper describes the scenarios related to intra UE prioritization of traffic for both downlink and uplink. Based on the discussion above, it is proposed to study the following scenarios:
1) DL pre-emption for intra-UE DL prioritization.
2) Prioritization of higher priority transmission with Configured Grant over the lower priority transmission with dynamic grant provided earlier. 
3) Prioritization of higher priority transmission with dynamic grant over the lower priority transmission with dynamic grant provided earlier.
4) Prioritization of control data related to URLLC transmissions over other transmissions.
It is also noted that there are items where RAN1 involvement will be required and where the work in RAN1 can start can be triggered without waiting for further RAN2 input:
1) DL pre-emption for intra-UE DL prioritization.
2) Puncturing of the ongoing PUSCH transmission in case PHY layer is requested to perform another PUSCH transmission overlapping in time with the ongoing one.
3) Prioritization of control data related to URLLC transmissions over other transmissions.
Proposal: RAN2 is requested to agree on the scenarios to be studied as outlined in the document and agree on the proposed work split between RAN2 and RAN1.
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