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1 Introduction

In RAN#81 the study item named NR-IIoT NR (Industrial Internet of Things) [1] was approved. An objective of the study item description is:

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.
In this contribution we focus on UL PUSCH intra-UE prioritization/multiplexing aspects.
2 Prioritization of PUSCH Grants
In release 15 a dynamic grant may override a configured grant. Due to Logical Channel Priority (LCP) restrictions data from logical channels supported by the configured grant may not be multiplexed into the MAC PDU supported by the dynamic grant.

In I-IoT configured grants may be used to support high priority traffic for deterministic periodic data where traffic patterns are known. It may therefore not be appropriate to always prioritize dynamic grants over configured grants.
Proposal 1: The MAC does not always prioritize dynamic grants over configured grants
In release 15 LCP restrictions (i.e. PUSCH duration) may be used to associate logical channels with appropriate grants for the traffic type. This mechanism is limited to what data is allowed to be multiplexed and assembled into a MAC PDU for a given grant considering the configured LCP restrictions. The MAC then provides a PDU for transmission to the physical layer without an indication of the transmission priority.
I-IoT will support a mix of high priority URLLC and low priority eMBB traffic. In order not to have low priority eMBB traffic effect high priority URLLC traffic there needs to be means of prioritizing transmissions based on the traffic priority. Intra-UE UL transmission prioritization can therefore be useful to allow the network to schedule an UL URLLC transmission, which may be prioritized over a previously scheduled eMBB PUSCH transmission.
In the case of overlapping grants I-IoT the physical layer may apply special processing (i.e. puncturing) to prioritize transmissions. In cases it may also be necessary to not transmit low priority transmissions to better ensure successful delivery of higher priority transmissions. To accomplish this it is necessary to associate the relative priority between overlapping transmissions.
Proposal 2: Relative priorities are associated with individual transmissions for special handling by the physical layer
One question is how to determine the priority of each transmission for special handling by the physical layer. This may be accomplished by having transmission priority associated with individual grants. In this case dynamic grants may include a relative priority associated with the grant and configured grants may have a configured priority. For this method to work properly it is necessary to ensure the data provided for each grant is of a priority associate with the grant. Our view is the existing LCP restrictions (i.e. PUSCH duration) may be insufficient for ensuring proper association of logical channel data with grants of a particular priority.

To better ensure data priority is properly matched with grant priority, it would be necessary to modify LCP multiplexing and assembly to ensure logical channel priority matches grant priority (i.e. transmission profiles). But this method could become restrictive and in cases may become inefficient. 

Another method would be not to further restrict LCP multiplexing and assembly and identify the relative priority of a MAC PDU when it is delivered to the physical layer. For example the highest priority data multiplexed into the MAC PDU could be identified to the physical layer. In this case it may not be necessary to identify the relative priority of individual grants.
Additionally it may be necessary not to transmit a low priority transmission to better ensure successful delivery of higher priority transmission. In this case it would be significantly beneficial not to apply LCP multiplexing and assembly of the MAC PDU not transmitted due to prioritization. It would be necessary to determine transmission priority in MAC to accomplish this.  

Proposal 3: The MAC determines the relative priority of overlapping transmissions
3 Pre-emption of PUSCH grants

If it is determined it would be useful to have MAC determine transmission prioritization it is rather simple to include the associated transmission priority with each MAC PDU. One question is what if the MAC PDU of an overlapping transmission has already been provided to the physical layer. In this case the initial transmission may already be in progress when the priority of an overlapping transmission is determined.
The simplest solution would be to just process the grant in MAC and provide the relative priority to the physical layer. But there is the possibility that the new transmission may be of a lower priority and in order to better ensure successful delivery of the already started transmission, needs to be cancelled. In this case it would be beneficial not to apply LCP multiplexing and assembly to the lower priority transmission. In the case the new transmission is of a higher priority and to better ensure successful transmission it would be necessary to stop the current transmission. It maybe beneficial for the MAC to provide a pre-emption indication along with the high priority MAC PDU to the physical layer. 
Proposal 4: The MAC may pre-empt low priority transmissions and not apply LCP multiplexing and assembly
Proposal 5: The MAC may provide a pre-emption indication associated with a MAC PDU signalled to the physical layer
4 Conclusion

Prioritization and pre-emption of I-IoT transmissions have been reviewed in this document. As a result the following is proposed:
Proposal 1: The MAC does not always prioritize dynamic grants over configured grants
Proposal 2: Relative priorities are associated with individual transmissions for special handling by the physical layer
Proposal 3: The MAC determines the relative priority of overlapping transmissions
Proposal 4: The MAC may pre-empt low priority transmissions and not apply LCP multiplexing and assembly

Proposal 5: The MAC may provide a pre-emption indication associated with a MAC PDU signalled to the physical layer
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