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Introduction
In this paper, we discuss the following item in the WI [1]:

	· 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].
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The grant prioritization is needed in the following two scenarios: 1) between a configured grant and a dynamic grant; 2) between two configured grants. In what follows, when we talk about two overlapping grants, we assume at least one of them is a configured grant. 

In this paper, we discuss the stage-2 level proposals for grant prioritization involving configured grants. In [2], we discuss other stage-3 issues related with overlapping grants. Furthermore, we discuss LCP restriction enhancement and a need for reliability indicator for prioritization between grants in [3].  
Discussion
Stage-2 solutions
The question that has been discussed and with diverging opinions are whether MAC should generate PDUs for each grant or MAC should only generate one PDU. 
From the use case point of view, it can happen that the configured grants for high priority traffic have short PUSCH duration while the dynamic grant for low priority traffic has long PUSCH duration. It is inevitable that the high priority traffic arrives in the mid of the allocated PUSCH transmission of the dynamic grant. In such a case, UE must construct the PDU for dynamic grant since it is not sure whether there will be data arrival for high priority traffic. On the other hand, when the high priority traffic arrives in the mid of the allocated PUSCH transmission, then the PDU has to be constructed for the configured grant to fulfil the requirement. Thus, there is a need to consider the scenario where two MAC PDUs are constructed. This is illustrated in the following Figure 1. 
[image: ]
[bookmark: _Ref7427610][bookmark: _Ref7427603]Figure 1 The scenario in which two MAC PDUs are needed
As in Rel-15, there is only one MAC PDU generated when dynamic grant overrides configured grant, such a behaviour of generating one MAC PDU should be kept if possible. Considering the case when the MAC PDU of the pre-empted transmission has not been built, when a second UL grant is received and processed. This can happen in the case that the knowledge of overlapping grants and their respective user data is available for processing in MAC before construction of the MAC PDU is initiated (i.e. the MAC has enough time prior to transmission start to decide what data to prioritize and formulate the corresponding MAC PDU). In this case, building only one MAC PDU can simplify the scheduler. Since this has been specified in Rel-15, we do not see any reasons to exclude this case in Rel-16. 
[bookmark: _Toc7428742][bookmark: _Toc7428855][bookmark: _Toc7428866][bookmark: _Toc7428876][bookmark: _Toc7428881][bookmark: _Toc7428947][bookmark: _Toc7434673][bookmark: _Toc7434894][bookmark: _Toc7531328][bookmark: _Toc7717555][bookmark: _Toc7729115]When UE MAC entity detects overlapping between a new UL grant (called ‘B’) with an existing grant (called ‘A’), two cases are identified: 1) The MAC PDU of the transmission on grant ‘A’ has not been built; 2) The MAC PDU of the transmission on grant ‘A’ has been built. 

In the event that a dynamic grant ‘A’ is overlapping with a configured grant ‘B’, gNB is aware of the configured grant, therefore a good gNB implementation will allocate a different HARQ PID for the dynamic grant to avoid HARQ overlapping. In the event that ‘A’ and ‘B’ are from different configured grants configurations, different HARQ process will be obtained for each configuration (given that the configurations have different offsets and temporal characteristics) based on the agreed HARQ Process ID calculation method that “When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID:”
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As concluded in the TR 38.825, the prioritization between any two overlapping grants should be based on which LCH the data is to be multiplexed from, and the associated priority of the LCH. It is rather obvious that the MAC should prioritize the grant which carries more important data, typically in a higher priority LCH. 
Based on the above discussion, we propose the following to cover both the above two cases, 
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In the companion paper [3], we have further discussed the LCP restriction enhancements. 
It has been identified in [7] that when gNB is not aware that a MAC PDU is dropped, there would be an issue of data loss and UE would have to re-create the MAC PDU. However, if the pre-empted MAC PDU is only on the dynamic grant, and gNB is aware of such a preemption and in this chase gNB can always transmit a retransmission UL grant for the pre-empted MAC PDU. If the pre-empted MAC PDU is on the configured grant, the UE could simply retransmit on the next configured grant, see more discussions in [2].
There is a proposal in [6] that PHY should at least identify and prioritize the dynamic grant for high priority traffic without MAC assistance, using the arguments that the UCI multiplexing time should be considered. As indicated in that paper, this can be solved by processing both UCI for CG and DG. In addition, relying on PHY indication can lead to the problem in the case when the prioritized grant has empty data multiplexed on it. This is particularly relevant in the use case when DG is for low priority traffic and CG is for high priority traffic that is aperiodic/infrequent, the higher priority CG does not have data multiplexed on it for the majority of the time. 

To summarize, the overlapping case is between a configured grant and another configured grant or another dynamic grant: in such a case, UE can check the priority of the LCH that can be or has been multiplexed on each grant and determine the prioritization between the two grants. The following situations might happen:
1. If a later processed grant has a higher priority LCH and the MAC PDU of an earlier grant cannot be cancelled, then two MAC PDUs for two grants are built. 
2. If a later processed grant has a higher priority LCH and the MAC PDU of an earlier grant has not been built, then the earlier grant is dropped and only a MAC PDU for the later grant is built. 
3. If a later processed grant has a lower priority LCH, then the later grant is dropped and only one MAC PDU is assembled.
From the above, it is clear that when MAC generates two consecutive MAC PDUs, the subsequent PDU, passed from MAC to PHY, always has a higher priority in PHY. 
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Other Issues 
In the follow-up case for Proposal 1, if the highest priority LCH in both grants are the same, then we propose to follow the baselines in LTE and NR. In such baselines, dynamic grant overrides configured grant. For two overlapping configured grants, UE behaviour is undefined. 
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Following up to the above-mentioned cases, we now consider scenarios when any of the grants is a retransmission. In a very similar fashion as above, the following cases should be considered for overlapping between a retransmission grant and another grant, e.g., in case the retransmission grant is the later grant. 
1. If the retransmission grant has a higher priority LCH and the MAC PDU of an earlier grant cannot be cancelled, then two MAC PDUs for two grants are built. 
2. If the retransmission grant has a higher priority LCH and the MAC PDU of an earlier grant has not been built, then the earlier grant is dropped and only one MAC PDU is built. 
3. If the retransmission grant has a lower priority LCH, then the later grant is dropped and only one MAC PDU is assembled.
The similar rules apply when the retransmission grant is the earlier grant. From above analysis, when two MAC PDUs are built and sent to PHY consequently for transmission, PHY layer would assume that the later PUSCH transmissions from MAC has a higher priority. 
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Conclusion
The following observations have been made:
Observation 1	When UE MAC entity detects overlapping between a new UL grant (called ‘B’) with an existing grant (called ‘A’), two cases are identified: 1) The MAC PDU of the transmission on grant ‘A’ has not been built; 2) The MAC PDU of the transmission on grant ‘A’ has been built.
Observation 2	Different HARQ process IDs are assumed for overlapping grants.
Observation 3	No special handling for re-transmission grant is needed for the case of multiple overlapping grants.
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Proposal 1	In the event of overlapping grants (in which at least one of them is a configured grant), MAC prioritizes the grant that has a higher priority LCH multiplexed on it or to be multiplexed on it, considering LCP restriction (Rel-15 baseline and any Rel-16 enhancements).
Proposal 2	In the case that MAC generates two consecutive MAC PDUs, the subsequent PDU, passed from MAC to PHY, always has a higher priority in PHY, i.e. is considered for potentially pre-empting an ongoing transmission.
Proposal 3	In the event of overlapping grants and the highest priority LCH mapped to both grants are equal, Rel-15 baseline should be followed, i.e. 1) dynamic grant overrides configured grant; 2) It is up to UE implementation.
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