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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].


[bookmark: _Toc524946176]
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
In the email discussion during the study item, UE processing time related to the intra-UE pre-emption was mentioned but not agreed. Although we believe that a mention of the UE processing time in the MAC spec is not needed, for easy of discussion, RAN2 might still need to distinguish between the following two cases to fully understand the relevant issue in intra-UE pre-emption:
1. 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).
2. The MAC PDU of the pre-empted transmission has been built and therefore cannot be re-built (e.g., the transmission might have started), when a second UL grant is received and processed.
The above two cases are essential for the MAC operation to choose either to select between the two overlapping grants (hence, build single MAC PDU) or to pre-empt (or not) the running transmission (hence potentially build two MAC PDUs). Identifying the above two cases helps in 1) potential reduction of the number of built MAC PDUs and 2) reduction of the complexity of grant’s TB handling in both MAC and PHY.
[bookmark: _Toc4592783][bookmark: _Toc4657555][bookmark: _Toc4677372][bookmark: _Toc4681711][bookmark: _Toc4572832]When UE detects an 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. 
[bookmark: _Toc4657556][bookmark: _Toc4677373][bookmark: _Toc4681712][bookmark: _Toc4592784]Identifying the above two cases helps in potentially reducing the number of built MAC PDUs and the complexity of grant’s TB handling in both MAC and PHY. 

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. Thus, we propose the following to cover both the above two cases, 
[bookmark: _Toc4657559][bookmark: _Toc4658127][bookmark: _Toc4677376][bookmark: _Toc4681715][bookmark: _Toc4420829][bookmark: _Toc4422257][bookmark: _Toc4592789]In the event of overlapping grants, MAC prioritizes the grant that has a higher priority LCH multiplexed on it or to be multiplexed on it, considering LCP restriction. 
In the follow-up case, 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. 
[bookmark: _Toc4420830][bookmark: _Toc4422258][bookmark: _Toc4592790][bookmark: _Toc4657560][bookmark: _Toc4658128][bookmark: _Toc4677377][bookmark: _Toc4681716]In the event of overlapping grants and the highest priority LCH in both grants are equal, Rel-15 baseline should be followed, i.e. 1) dynamic grant overrides configured grant; 2) UE behaviour is undefined with two overlapping configured grants. 

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 proposed HARQ PID calculation method proposed in ‎[4]: 
	HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-procID-offset


[bookmark: _Toc4592785][bookmark: _Toc4657557][bookmark: _Toc4677374][bookmark: _Toc4681713][bookmark: _Toc4572632][bookmark: _Toc4572833][bookmark: _Toc4592786]Different HARQ process IDs are assumed for overlapping grants. 

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 re-built, 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.
With these simple rules, when two MAC PDUs are built and sent to PHY consequently for transmission, PHY layer would able to assume that a new and overlapping PUSCH transmission from MAC has a higher priority. 
[bookmark: _Toc3208032][bookmark: _Toc4420832][bookmark: _Toc4422260][bookmark: _Toc4592792][bookmark: _Toc4657562][bookmark: _Toc4658130][bookmark: _Toc4677379][bookmark: _Toc4681717]In the case that MAC generates a PDU for each grant, the subsequent PDU, passed from MAC to PHY, always has a higher priority in PHY.

Issues with retransmission 
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 in term of overlapping between a retransmission grant and another grant. For example, the following case is when 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 re-built, 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. 
[bookmark: _Toc4422253][bookmark: _Toc4572633][bookmark: _Toc4572834][bookmark: _Toc4592787][bookmark: _Toc4422254][bookmark: _Toc4572634][bookmark: _Toc4572835][bookmark: _Toc4592788][bookmark: _Toc4657558][bookmark: _Toc4677375][bookmark: _Toc4681714][bookmark: _Hlk4429304]No special handling for re-transmission grant is needed for the case of multiple overlapping grants.

Conclusion
The following observations have been made:
Observation 1	When UE detects an 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	Identifying the above two cases helps in potentially reducing the number of built MAC PDUs and the complexity of grant’s TB handling in both MAC and PHY.
Observation 3	Different HARQ process IDs are assumed for overlapping grants.
Observation 4	No special handling for re-transmission grant is needed for the case of multiple overlapping grants.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	In the event of overlapping grants, MAC prioritizes the grant that has a higher priority LCH multiplexed on it or to be multiplexed on it, considering LCP restriction.
[bookmark: _GoBack]Proposal 2	In the event of overlapping grants and the highest priority LCH in both grants are equal, Rel-15 baseline should be followed, i.e. 1) dynamic grant overrides configured grant; 2) UE behaviour is undefined with two overlapping configured grants.
Proposal 3	In the case that MAC generates a PDU for each grant, the subsequent PDU, passed from MAC to PHY, always has a higher priority in PHY.
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