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Introduction
NR IIoT WID RP-190728 [2] defines following scope related to intra-UE prioritization of UL data and data:
	· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].



In this contribution, we discuss whether to apply MAC prioritization for resource conflicts between dynamic grant and configured grant PUSCH, and conflicts involving multiple CGs.
Discussion
One or two MAC PDUs?
In TR 38.825 [1], following was captured regarding resource conflicts between dynamic grant and configured grant PUSCH, and conflicts involving multiple CGs:
UE prioritization of a grant when there is at most one dynamic grant in the set of conflicting grants (scenario 2 and configured/configured grant collisions) shall be addressed. MAC specifies currently the UE prioritization of such cases, and modifications to MAC would be required.
…
For cases when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each logical channel.
The first question is for the resource conflicts, whether MAC generates PDUs for each grant, or MAC only generates one PDU. In the former case, selection of the generated MAC PDUs is left to PHY. In the latter case, either MAC or PHY can prioritize a grant.
There are issues when MAC generates a PDU for each grant but let PHY handle conflicting transmissions. The key question for RAN2 is how to handle the MAC PDU not selected by PHY. This depends on whether a MAC PDU dropped by PHY can be retransmitted with HARQ or not. Following conditions should be satisfied simultaneously for the dropped MAC PDU to be retransmitted with HARQ:
· The colliding MAC PDUs are of different HARQ processes.
· gNB is aware that a MAC PDU is dropped and therefore accordingly schedules a HARQ retransmission for the dropped MAC PDU.
If any of the above condition is not satisfied, to avoid data loss (in case of RLC UM) and large latency (in case of RLC AM ARQ retransmissions), UE has to roll back the MAC PDU generation operation. Specifying rollback operation might be complicated as it is related to UE implementation. There are several issues related to rollback operation: 
· In NR, UL HARQ is asynchronous. Therefore, only after UE has received a PDCCH addressed to the same HARQ process of the dropped MAC PDU, UE can realize whether to perform retransmission or roll back the MAC PDU generation. However, there are two issues. Firstly, there is an additional operation (rollback) required compared with normal UL grant processing, therefore it might be challenging for UE implementation to meet the UL processing time requirement. Secondly, there is higher latency for the dropped MAC PDU compared with the approach of performing MAC prioritization.
· SR/BSR operations are affected by the MAC PDU generation. For example, in TS 38.321 clause 5.4.4, “All pending SR(s) shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the UL grant(s) can accommodate all pending data available for transmission.” UE can also update its internal tracking of UL data volume for each logical channel in the process of MAC PDU generation. The rollback operation affects above aspects. Another impact is that UE can select one MAC PDU to transmit BSR MAC CE, but the MAC CE can be dropped in PHY, which means that BSR transmission is delayed.
· LCP status variable Bj. Although there is a note in TS 38.321 “The exact moment(s) when the UE updates Bj between LCP procedures is up to UE implementation, as long as Bj is up to date at the time when a grant is processed by LCP.”, it is not expected that UE postpones updating Bj too late. The rollback operation means that UE should undo the changes to LCP status variables.
· There are also some rollback operation needed for RLC state variables like BYTE_WITHOUT_POLL.
From above discussion, it can be seen that rolling back MAC PDU generation has several issues associated, and should not be supported.	
[bookmark: Obs_Rollback]Observation 1: Rolling back MAC PDU generation is problematic and should not be supported.
Therefore, the only feasible approach is that the MAC PDU dropped by PHY is retransmitted by HARQ. There are two conditions discussed above to make HARQ retransmissions feasible. These conditions restrict the gNB scheduling flexibility and impose a high requirement on gNB to reliably determine which UL grant has been prioritized by the UE in a timely manner (e.g. considering the UL grant skipping and HARQ handling). Generating one MAC PDU does not have this issue, and the gNB scheduler has the flexibility for further scheduling decisions.
[bookmark: Proposal_MAC_Priority][bookmark: Proposal_1or2]Proposal 1: For resource conflicts between dynamic grant and configured grant PUSCH, and conflicts involving multiple CGs, only one MAC PDU is generated.
MAC or PHY for prioritization
The next question is whether MAC or PHY prioritizes a grant. When MAC prioritizes a grant, current agreement is that prioritization is based on LCH priorities and LCP restrictions. When PHY prioritizes a grant, it is mainly based on priority indicator sent in DCI. For example, in [3], the prioritization of grants is done by comparison between the priority indicator in DCI vs. the configured priority of the configured grant. It was argued in [3] that a potential benefit of PHY prioritization is reduction of processing time compared with MAC prioritization.
Regarding the benefit of reduced processing time, it should be noted that in MAC prioritization, selection of PUSCH is done via the comparison of priority of the highest priority LCH in each PUSCH. In LCP procedure, determination of highest priority LCH can be done before finishing other steps like deciding the list of LCHs and the size of each LCH to be carried in the UL grant. Therefore, selection of winner PUSCH can be completed much faster compared with running full LCP procedures on the conflicting UL grants, which implies a minimal impact on UL processing time.
In [3], one argument for PHY to prioritize a grant is to avoid the impact to UE processing time due to UCI multiplexing. There are two aspects for discussion. (1) The additional processing time to compare the priority of grants in MAC prioritization is minimal, as discussed above. (2) Whether there is a signifcant impact on UE processing time depends on the relative processing time of UCI and TB. For example, in Figure 5 of [3], if UCI preparation time is less than TB processing time, there won’t be much impact on overall processing (without priority indicator) due to MAC prioritization.
[bookmark: Obs_Processing]Observation 2: There is minimal processing time impact when MAC prioritizes a grant.
Priority indicator approach prioritizes an UL grant without checking the priority of the LCHs to be transmitted in the UL grant, which is performed by MAC prioritization. For example, there could be following issues when priority indicator is used to resolve the resource conflict between dynamic grant and configured grant: 
· Configured grant is prioritized, but there is no data to transmit in the configured grant, or the priority of the LCHs in the configured grant after LCP restriction is actually lower compared with that for dynamic PUSCH.
· Similarly, dynamic grant is prioritized, but the priority of the LCHs in the dynamic grant after LCP restriction is lower compared with that for dynamic grant.
[bookmark: Obs_Indicator]Observation 3: Priority indicator in DCI bypasses MAC priority checking, therefore has the problem that low priority data might be transmitted instead of high priority data.
Considering above discussion, it is proposed to use MAC prioritization when there is at most one dynamic grant in the set of conflicting grants.
[bookmark: Proposal_MAC_Prio]Proposal 2: For resource conflicts between dynamic grant and configured grant PUSCH, and conflicts involving multiple CGs, prioritization is performed in MAC, instead of using priority indicator in DCI.
MAC prioritization is performed based on the comparison of priority of the highest priority LCH in each PUSCH. If the highest priorities of the two grants are the same, one question is whether an additional rule needs to be defined for this tie break or just leave it to UE implementation. Given that there won’t be much difference from QoS requirement’s perspective in case of equal priority, we suggest leaving it to UE implementation when tie break is needed.
[bookmark: Proposal_Tiebreak]Proposal 3: If the hightest priorirites of the conflicting grants are the same, it is up to UE implementation to prioritize one grant out of the conflicting grants.
Conclusion
In this contribution, we discuss whether to apply MAC prioritization for resource conflicts between dynamic grant and configured grant PUSCH, and conflicts involving multiple CGs. We have the following observations:
Observation 1: Rolling back MAC PDU generation is problematic and should not be supported.
Observation 2: There is minimal processing time impact when MAC prioritizes a grant.
Observation 3: Priority indicator in DCI bypasses MAC priority checking, therefore has the problem that low priority data might be transmitted instead of high priority data.
We propose the following:
Proposal 1: For resource conflicts between dynamic grant and configured grant PUSCH, and conflicts involving multiple CGs, only one MAC PDU is generated.
Proposal 2: For resource conflicts between dynamic grant and configured grant PUSCH, and conflicts involving multiple CGs, prioritization is performed in MAC, instead of using priority indicator in DCI.
Proposal 3: If the hightest priorirites of the conflicting grants are the same, it is up to UE implementation to prioritize one grant out of the conflicting grants.
Note that Proposal 2 is one step further of Proposal 1.
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