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1
Introduction
In RAN2 meeting #104, five main scenarios for intra-UE prioritization/multiplexing study have been identified [1]:
· Scenario 1: Intra-UE DL Prioritization

· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant

· Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants

· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel

· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel

Furthermore, two email discussions have been triggered in RAN2 to examine “data v.s. data collision” and “control v.s. data collision”. The latter has further captured the cases of “control v.s. control collision”. In this contribution, we provide our views on how uplink “control v.s. data collision” should be handled from a RAN2 point of view. In particular, we provide our views on how the situations wherein the PUCCH resource for SR transmission overlaps with PUSCH of an uplink grant (i.e. Scenario 5) should be handled. In addition, we also provide our opinions on the issues relating to delay of URLLC traffics caused by MAC CE allocations.
2
Discussion

2.1
Control-Data Resource Collisions (Scenario 5)
In contrast to LTE where the resource allocation of PUCCH is fixed, NR offers higher flexibility in terms of PUCCH resources. However, inevitably it may also lead to potential resource collision between control channel and PUSCH. The information to be conveyed by PUCCH essentially include HARQ feedback (ACK/NACK), CSI, and SR. The HARQ feedback can be triggered as soon as the physical layer fails to decode the received transport block (or CBG), and CSI is derived at the physical layer based on measurement results of downlink CSI-RS, therefore how the control channel resource collision merely relating to PHY-oriented signalling such as HARQ feedback and/or CSI should be addressed by RAN1. The SR, however, is triggered by the corresponding LCHs in the MAC layer. Hence, how the prioritization should be handled for control-related resource collision involving SR is within RAN2’s scope.
In NR, each LCH is associated to a SR configuration, which represents a periodic PUCCH resource where the corresponding SR can be transmitted. Typically, a SR configuration with more frequent PUCCH resource (shorter periodicity) will be assigned to a URLLC traffic to ensure that the gNB can receive the SR as soon as possible. Although a gNB may attempt to schedule PUSCH in a fashion such that the resource does not overlap with the PUCCH with SR, it is very inefficient, and sometimes not possible, as the periodicity of a SR configuration can be as low as two OFDM symbols. On the other hand, although one could argue that BSR relating to URLLC traffics can be embedded into the MAC PDU for the colliding PUSCH and hence SR could be exempted, this cannot address the case where the SR is triggered after the MAC PDU is constructed or even in transmission already, as well as the case where the duration of such PUSCH is very long (much longer than SR-PUCCH) and hence ends much later. Hence, in our views this issue should be addressed. 
Observation 1: Resource collision between SR-PUCCH and PUSCH should be investigated to ensure that the delay requirement of URLLC can be met.
In our companion paper [2], we proposed that data-data resource collision involving configured grants could be resolved by comparing priority of LCHs that have been (or to be) mapped into the colliding grants. The similar approach could be applied to address resolve the collision between SR-PUCCH and PUSCH. In particular, when a SR is triggered and its PUCCH resource overlaps with a PUSCH for a MAC PDU that is already constructed, the MAC entity should compare the priority of LCH that triggers this SR and the highest priority of LCHs that have been mapped into the generated MAC PDU. Based on the comparison, the UE should behave as following:

· If the SR corresponds to an LCH with higher priority than the grants delivered earlier, then the MAC entity should send an indication to the lower layer for the sake of stopping the processing or transmission of the MAC PDU corresponding to the earlier grant, and in lieu delivers the SR to the PHY for PUCCH transmission. 

· If the SR corresponds to an LCH with lower or equal priority compare to the grants delivered earlier, then the MAC entity may simply abandon this SR instance. Alternatively, it may send certain information to the PHY and allow the PHY to determine.

Proposal 1: The MAC entity may determine whether to deliver the SR to the lower layer based on LCH priority associating to the SR and the overlapping PUSCH.
2.2
Prioritization between MAC CEs and URLLC data
As MAC CEs typically have higher priority than other data traffics, an issue has been raised during RAN2 email discussion [104-39], which considers the case where the URLLC data could be segmented into different MAC PDUs as the remaining space of a grant is insufficient due to allocated MAC CEs. 

From our point of views, potentially it could be an issue, but on the other hand it could be resolved by gNB implementation. For instance, many TSN or IIoT related traffics have deterministic characteristics and hence the gNB may have the knowledge on the periodicity and payload size of packets. In light of this, the gNB could activate configured grants that have suitable periodicity and provisioned resource size (per each configured grant occasion) that can accommodate both MAC CEs and anticipated URLLC/IIoT packets. Therefore, the issue of packet delay caused by segmentation could be circumvented.   
Nevertheless, it is an issue that can be investigated further. The solution of which, if needed, could be further discussed and determined during the WI phase. At this point the simplest approach would be to restrict the type/contents of MAC CEs that a grant can convey. For instance, for a grant tailored for URLLC traffics, the MAC CEs that the MAC PDU of this grant can include may be configured and limited to BSR relating to high priority LCHs, but not other types of MAC CEs. In some sense, it is an extension of LCP restrictions to MAC CEs.
Proposal 2: The issues relating to URLLC packet segmentation caused by MAC CEs allocation could be further studied to examine whether it can be resolved via gNB implementation. If needed, the solution based on configured MAC CE restrictions for each grant could be considered.
3
Conclusions
This contribution provides our opinions on intra-UE prioritization considering “control-to-data collision” as well as the potential issues relating to URLLC packet segmentation caused by MAC CE allocations. Based on our analysis, the contribution put forward the following:
Observation 1: Resource collision between SR-PUCCH and PUSCH should be investigated to ensure that the delay requirement of URLLC can be met.

Proposal 1: The MAC entity may determine whether to deliver the SR to the lower layer based on LCH priority associating to the SR and the overlapping PUSCH.
Proposal 2: The issues relating to URLLC packet segmentation caused by MAC CEs allocation could be further studied to examine whether it can be resolved via gNB implementation. If needed, the solution based on configured MAC CE restrictions for each grant could be considered.
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