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1 Introduction

A Study Item on NR Industrial IoT [1] was approved at RAN#81. A number of Intra-UE prioritization/ multiplexing scenarios were identified, and the scope of the NR I-IoT SI and division of work between RAN1 and RAN2 was further discussed in recent meetings. For UL Data-only intra-UE prioritization, RAN2 has agreed to study scenarios applicable for resource conflicts between configured/configured, configured/dynamic, or dynamic/dynamic grants. This paper discusses details of the scenario where two PUSCH allocations by dynamic grants are colliding. 
2 Discussion

Intra-UE Prioritization between colliding PUSCH allocations (dynamic grant versus dynamic grant)

Out-of order UL scheduling was recently agreed in RAN1 to be supported for Rel-16, i.e. out-of-order PDCCH-to-PUSCH between two HARQ processes on the active BWP of a given serving cell. Out-of order UL scheduling basically means that for a Rel. 16 UE, on the active BWP of a given serving cell, the UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH. It should be noted that not all the details of the UE behaviour for out-of-order UL scheduling are agreed yet and further discussions within RAN1 are required: 
	Agreements: (RAN1 AH-1901)

For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes on the active BWP of a given serving cell, the companies are encouraged to perform further analysis, including at least the following aspects:

· The details of the dropping rules if allowed

· The conditions (if any) under which the UE is expected to process the out-of-order channels


RAN2 had an email discussion prior to this meeting where further details of the intra-UE prioritization UL Data/Data scenarios were discussed. It seems that only resource conflicts between configured/configured, configured/dynamic, or dynamic/dynamic grants for new transmission are considered. However we think that a resource conflict could also happen between a PUSCH retransmission and a new initial transmission, e.g. in the case of two conflicting dynamic grants. Therefore the retransmission case should be also further considered.

Proposal1: The collision case between a PUSCH retransmission and a new initial PUSCH transmission should be also considered.  
For the case of dynamic grant versus dynamic grant, gNB is aware of the first UL grant, and thus the purpose of the second “conflicting” UL grant is to preempt the first UL grant. Therefore in our opinion UE should always follow the second “pre-empting” UL grant. The assumption is here that PHY will only consider those pre-empting DCIs and deliver them to MAC which are following the specified minimum processing timing, i.e. sufficient time for the UE to process the “pre-empting grant and to perform the preemption/dropping operation. 

Proposal2: In case of two conflicting dynamic UL grants, UE will follow the latest received DCI     

From the HARQ operation/TB generation point of view the detailed UE behaviour for the case of two conflicting PUSCH allocations needs to be further investigated. It needs to be further evaluated whether a common UE behaviour can be applied for all conflicting cases, e.g. new transmission/new transmission and retransmission/new transmission, even if this would be desirable from standardization point of view. 
For the case that a later UL DCI is conflicting with an earlier DCI allocating PUSCH resource for a retransmission, the MAC behaviour should be rather straightforward. UE generates a TB in accordance with the later received DCI, stores the generated TB in the associated HARQ buffer and delivers the TB to the PHY. Since the TB for the earlier DCI - scheduling a retransmission - is already stored in the HARQ buffer, UE MAC will trigger a HARQ retransmission and indicate this to the PHY together with the TB. Hence from MAC respectively HARQ protocol point of view UE will perform a retransmission of the TB even though PHY may not sent the TB due to the preempting DCI. This behaviour is similar to the case of a PUSCH transmission colliding with a measurment gap.
Proposal3: In case of a conflict between a PUSCH allocation (DCI) for a new initial transmission conflicts with a PUSCH allocation for a retransmission, MAC delivers a TB for both DCIs to the PHY.  
For the case of two conflicting UL DCIs allocating resources for a new initial transmission, the UE/MAC behaviour is in our understanding not so clear and deserves further discussion. Upon indication of a conflicting “pre-empting” DCI from PHY UE will generate a TB for this DCI, store the generated TB in the associated HARQ buffer and deliver it to PHY. However it is not so obvious that UE is always capable of also generating the TB according to the earlier DCI due to processing time constraints, i.e. UE has basically to generate two TBs in parallel, and delivering it to PHY according to the original timing. There could be two options for the UE behaviour foreseen. In the first option UE could ignore the early DCI and only deliver a TB for the later DCI to PHY. In the second option UE interrupts the generation/processing of the TB for the earlier DCI while processing the later conflicting DCI. The assumption is that UE has already started processing the first received DCI, i.e. LCP has been already started, when the second DCI is received. The processing of the first DCI may be resumed, e.g. finishing the generation of the TB and storing it in the corresponding HARQ buffer, once the generation of the high urgency/critical TB is finished respectively when UE has sufficient processing resources available. We think that the decision on the detailed UE behaviour requires more progress in RAN1, e.g. definition of minimum UE processing time etc. Therefore RAN2 should wait for further progress in RAN1 before defining the detailed UE behaviour for such case.   

Proposal4: RAN2 should wait for further progress in RAN1, e.g. details on the processing timing, before deciding the detailed MAC behaviour for the case of two conflicting PUSCH allocations (UL DCI) for initial transmissions. 
3 Conclusion
Based on the above discussion, we suggest that agree on the following observations and proposals:

Proposal1: The collision case between a PUSCH retransmission and a new initial PUSCH transmission should be also considered. 

Proposal2: In case of two conflicting dynamic UL grants, UE will follow the latest received DCI 

Proposal3: In case of a conflict between a PUSCH allocation (DCI) for a new initial transmission conflicts with a PUSCH allocation for a retransmission, MAC delivers a TB for both DCIs to the PHY.
Proposal4: RAN2 should wait for further progress in RAN1, e.g. details on the processing timing, before deciding the detailed MAC behaviour for the case of two conflicting PUSCH allocations (UL DCI) for initial transmissions. 

4 References

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

