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1 Introduction

In the Rel-16 SI on industrial IoT [1], one of the objectives is to study DL/UL intra-UE multiplexing:

	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):

different latency and reliability requirements

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.


This paper discusses the scenarios for UL and DL intra-UE prioritization with a focus on identifying potential impacts on RAN1 as well as on impact to RAN2. 
2 Discussion

Downlink Intra-UE Prioritization
In Rel-15, DL-pre-emption was specified for NR allowing gNB to puncture an ongoing PDSCH transmission with another PDSCH transmission. This functionality was mainly introduced in order to provide gNB with the possibility to schedule URLLC traffic belonging to one UE in the resources being utilized by another UE for a lower priority PDSCH (e.g. eMBB). Hence in Rel-15 DL pre-emption is supported for the inter-UE case, i.e. therefore some DL preemption indicator was introduced (DCI addressed to INT-RNTI). 
The scenario discussed for Rel-16 I-IoT is the Intra-UE DL prioritization case, i.e. DL out-of-order scheduling. gNB schedules a URLLC PDSCH transmission to pre-empt a previously scheduled PDSCH transmission for eMBB, due to much stringent delay requirement and processing timeline of URLLC. Since downlink scheduling is under gNB control, and gNB is aware of the downlink assignment and the arrival of a new critical traffic, one may argue that gNB will only perform DL pre-emption for critical/urgent data. Hence one simple rule could be that a later received downlink assignment is prioritized over an early overlapping downlink assignment. Due to the flexibility in time domain resource allocation in NR, it should be possible that a UE can receive two time-overlapping DL assignments.

It should be noted that DL pre-emption indication - as defined for Rel-15 - is in our view not necessary for DL out-of-order scheduling, i.e DL intra-UE pre-emption.
Observation 1: DL pre-emption indication, i.e. DCI format 2-1, is not needed for Intra-UE DL pre-emption 

Since the DCI reception and out-of order scheduling will be handled by RAN1, we think that Intra-UE DL pre-emption is mostly handled by RAN1. Currently we don’t see major impacts to RAN2.
Proposal 1: DL intra-UE prioritization should be handled in RAN1.
Uplink intra-UE prioritization
For the uplink different cases of Intra-UE prioritization need to be considered, i.e. resource conflicts between PUSCH allocations (both for configured grants as well as dynamic grants) and resource conflicts between L1 control channels (PUCCH) and between Control channels and data transmissions (PUSCH).  
Intra-UE UL Prioritization between L1 Control signals / L1 Control signals and PUSCH transmission
In general, prioritization between uplink control channel transmissions should be in our view handled in RAN1, e.g. prioritization rules for power limited case are specified in TS38.213. Uplink control transmission (PUCCH) may include information such as HARQ-feedback, CSI and SR. However since only L2 has knowledge about the SR priority based on the priority of the LCH(s) triggering the BSR/SR, while HARQ feedback and CSI are merely L1 control signals, a joint RAN1/RAN2 effort is needed to come up with a unified prioritization rule for resource collisions involving uplink control signalling.

Proposal2: Joint effort of RAN1/2 is needed to handle the collision cases involving uplink control signalling.
Intra-UE Prioritization between PUSCH allocations (Configured grants, dynamic grants)

Similar as for the DL direction we think the behaviour w.r.t UL out-of-order scheduling/DCI reception should be studied in RAN1. However for the uplink pre-emption case, i.e. resource conflict between two PUSCH allocations, we also some implications for the MAC operation. 
Since MAC layer processes a received uplink grant (when delivered by PHY to MAC), i.e. generation of MAC PDU, storing of MAC PDU in the corresponding HARQ process and delivering the TB to PHY, the detailed HARQ/MAC protocol operation for the UL pre-emption case should be studied by RAN2. There could be for example a different behaviour in MAC depending on whether the TB for the Uplink grant which is pre-empted was already generated and delivered to PHY versus the case where UE is in the process of generating the TB. Generally we think that MAC layer should be informed by PHY about a “pre-empting grant” in order to be able to act accordingly. Whether the pre-emption indication is explicitly indicated within an uplink allocation (DCI) should be studied by RAN1. 
Observation 2: MAC layer should be informed by PHY about a “pre-empting grant”. RAN1 should study whether “pre-emption” indication is explicitly signalled within an uplink allocation, e.g. DCI. 

Proposal3: RAN1 should study out-of-order UL scheduling. RAN2 should further discuss the detailed UE behaviour for the case of UL pre-emption, i.e. resource conflict between two PUSCH allocations. 
3 Conclusion
Based on the above discussion, we suggest that agree on the following observations and proposals:
Observation 1: DL pre-emption indication, i.e. DCI format 2-1, is not needed for Intra-UE DL pre-emption 

Observation 2: MAC layer should be informed by PHY about a “pre-empting grant”. RAN1 should study whether “pre-emption” indication is explicitly signalled within an uplink allocation, e.g. DCI. 

Proposal 1: DL intra-UE prioritization should be handled in RAN1.
Proposal2: Joint effort of RAN1/2 is needed to handle the collision cases involving uplink control signalling.

Proposal3: RAN1 should study out-of-order UL scheduling. RAN2 should further discuss the detailed UE behaviour for the case of UL pre-emption, i.e. resource conflict between two PUSCH allocations. 

4 References

[1] RP-182090, Revised Industrial IoT SID. 
2

