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Introduction
In the RAN2#106 meeting, the issue of de-prioritized MAC PDU was intensively discussed and achieved the agreements as follows,
	Agreements in RAN2 meeting #106:

· For de-prioritized PUSCH on dynamic grant, the UE should store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission using the same HARQ process. 
· For de-prioritized PUSCH on configured grants, a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission. b) FFS if the UE could transmit it using the subsequent radio resources e.g. associated with the same HARQ process
· The above agreements are at least applicable for cases when MAC has already generated the de-prioritized MAC PDU



In the RAN2 meeting #107, during the discussion on overlapping PUSCH grant prioritization, the following agreements were achieved:  
	Agreements in RAN2 meeting #107:

· same prioritization solution for CG vs CG conflict and CG vs DG conflict
· Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.
· LCP restriction enhancements for DG to take into account reliability is needed, details FFS. 
· no need to define UE processing time in MAC
· The same UE prioritization behaviour should be applied for resource conflicts between new transmissions or a new transmission and a retransmission.
· RAN2 assumes that MAC PDU recovery method in grant prioritization could be reused for PUSCH vs SR conflict.
· The case of highest priorities of two conflicting grants are equal is handled according to the following: for CG DG conflict, DG is prioritized, other cases FFS to what extent to specify.



And in this contribution, we investigate issues and possible solutions regarding the scheduling of a retransmission grant for the deprioritized MAC PDU.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Although the agreement regarding the case when no PDU has been generated at all yet has been achieved, still we need to discuss the case when the prioritized MAC PDU has been generated. This case applies to the scenario where a UE is no aware of transmission demand of a higher priority data until the MAC PDU for the lower-priority data has already been generated. As indicated in the agreement that RAN2 assumes that MAC PDU recovery method in grant prioritization could be reused for PUSCH vs SR conflict. Therefore, the considering scenarios should include both resource overlapping PUSCH vs. PUSCH and SR vs. PUSCH.
And for cases when MAC has already generated the de-prioritized MAC PDU, the candidates are listed as follows:
1. gNB-requested dynamic retransmission;
a. blindly retransmission of de-prioritized MAC PDU on CG for every possible two grant overlapping
b. retransmission of de-prioritized MAC PDU on CG when gNB is aware of this by smart implementation algorithm
2. UE-autonomously transmits a de-prioritized PDU on subsequent radio resources;
a. With same HARQ process
b. With same/different HARQ process
Also, it is necessary to figure out that in such scenarios the handling approach for the DG and CG is different. For the DG, the option 1 is competent to handle the de-prioritized MAC PDU is on the dynamic grant, since a gNB has an idea of such a de-prioritization MAC PDU due to the UL grant signalled from the gNB. If the DG resource is de-prioritized, the network could therefore issue another dynamic UL grant to UE for retransmission of data. Since asynchronous HARQ transmission mechanism is applied, gNB could schedule instant re-transmission using the same HARQ process.
Observation 1: it is reasonable for the gNB to schedule instant re-transmission of the de-prioritised MAC PDU using the same HARQ process, since asynchronous HARQ transmission mechanism allows the HARQ process IDs for the allocated consecutive UL grants to be out-of-order.
Regarding the CG case, two scenarios could be identified as follows:
1. When the high-priority data transmission demand comes, the generated MAC PDU for the CG resource has not yet been delivered to the PHY layer or is just delivered to the PHY layer, and hence the transmission over the air interface has not started.
2. When the high-priority data transmission demand comes, the transmission of the de-prioritised MAC PDU over the air interface has already started.
For the first scenario, subsequent processing of the de-prioritised MAC PDU would be cancelled. However, there is a different situation in the case that de-prioritized MAC PDU on configured grant, since the gNB has no idea of whether this CG occasion had been skipped by the UE due to no available data in the HARQ buffer or the  MAC PDU has been dropped due to two grant overlapping.  If only rely on the option 1 to retransmit the de-prioritized MAC PDU on CG by gNB allocating dynamic UL Grant for retransmission will cause the wastage of UL PUSCH resource and PDCCH scheduling resource in case of the UL CG skipping. Moreover, multiple CG configurations for a given UE in TSN will be universally applied to meet the requirement of super high reliability and ultra-low latency. Then the resource waste caused by blindly dynamic scheduling for re-transmission by network will be more serious.
On the other hand, sometimes, the gNB can be aware of the MAC PDU in the CG has been dropped due to resource collision with another UL grant of high priority by some smart implementation method, such as, identify different PUSCH duration of received PUSCH. And with some artificial intelligent scheduling algorithms are increasingly been studied and applied into the gNB implementation, this kind of smart ability of the gNB cannot be ignored. 
For the second scenario, the transmission of the de-prioritised MAC PDU could be cancelled or pre-empted by the higher-priority data transmission, which should be decided by the RAN1. Discussion of the second scenario in the RAN2 scope should wait for the RAN1’s progress. So, discussion of this scenario is excluded from this contribution.
Observation 1: for option 1 a), if only rely on the option 1 to retransmit the de-prioritized MAC PDU on CG by gNB allocating dynamic UL Grant for retransmission will cause the resource in case of the UL CG skipping, especially in Industrial IoT case.
Observation 2: for option 1 b), Sometimes, the gNB can be aware of the MAC PDU in the CG has been dropped due to resource collision with another UL grant of high priority by some smart implementation method. And with some artificial intelligent scheduling algorithms are increasingly been studied and applied into the gNB implementation, this kind of smart ability of the gNB cannot be ignored.
Observation 3: For the scenario 1 (When the high-priority data transmission demand comes, the generated MAC PDU for the CG resource has not yet been delivered to the PHY layer or is just delivered to the PHY layer, and hence the transmission over the air interface has not started), it is inefficient for the network to issue DG resource for MAC PDU re-transmission just by blindly retransmission of de-prioritized MAC PDU on CG for every possible two grant overlapping.
Subsequently, we aim to discuss if it is reasonable to restrict the autonomous re-transmission of the MAC PDU on a subsequent radio resource with the same HARQ process ID, i.e. option 2-a). 
According to the TS 38.321, the HARQ ID of the CG transmission opportunity is determined by the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
It could be found from the equation that the HARQ process ID of the CG transmission resource is determined by the symbol index of the first transmission occasion. As a result, if we force re-transmission of the deprioritized MAC PDU to be on a subsequent CG with the same HARQ process ID, it might bring the problem of unsatisfied data transmission latency requirement as indicated in the following figure. 


Figure 1: retransmission of the deprioritized MAC PDU on the subsequent CG resource with the same HARQ process ID introduces large transmission latency
Observation 4: if we force re-transmission of the deprioritized MAC PDU to be on a subsequent CG with the same HARQ process ID, it might bring the problem of unsatisfied data transmission latency requirement as indicated in the following figure. 
Note that the de-prioritised MAC PDU could belong to a URLLC service which exhibits stringent transmission latency requirement. Therefore, we propose to allow the deprioritised MAC PDU to be carried on a subsequent CG resource with a different HARQ process ID. In the figure 1, this CG resource could be the one associated with HARQ process ID #2. In addition, to achieve this, UE should be allowed to move the MAC PDU stored from one HARQ buffer to another HARQ buffer. 
Proposal 1: we kindly propose RAN2 that the deprioritised MAC PDU should be allowed to be carried on a subsequent CG resource with a different HARQ process ID.
Proposal 2: we kindly propose RAN2 that UE should be allowed to move the MAC PDU stored from one HARQ process buffer to another HARQ process buffer. 
However, if there emerge a new data packet required to be transmitted on the subsequent CG resource, should the UE avoid putting the deprioritized MAC PDU on such CG resource? In our opinion, there are two options, indicated as follows:
· Only if the subsequent CG resource is available (e.g., no new data packets emerges), the UE could use it for transmission of the de-prioritized MAC PDU.
·  If there emerge new data packets and the priority of the data packets is lower that the de-prioritized MAC PDU, the UE could use it for transmission of the de-prioritized MAC PDU.
Proposal 3: we kindly propose RAN2 to further discuss the restriction criteria of the subsequent CG resource for allowing the de-prioritized MAC PDU to be transmitted on it.
Moreover, there exists another case that before the occurrence of the next available CG resource, UE receives a dynamic grant resource. If this dynamic grant resource is for another low-priority data packet and the reliability of the DG is high enough for the de-prioritised MAC PDU, we think it is reasonable to allow using the subsequent DG resource for transmission of the de-prioritized MAC PD as well.
Proposal 4: we kindly propose RAN2 to allow using the subsequent DG resource for transmission of the de-prioritized MAC PD as well, if this dynamic grant resource is for another low-priority data packet and the reliability of the DG is high enough for the de-prioritised MAC PDU.
Even adopted option 2-b), with more flexibility introduced, the de-prioritized packet always owns low priority, and other CG configurations with related high priority are possible for Industrial IoT service, which is a kind of deterministic traffic, it may be difficult to wait for a timely available transmission occasion even in the different CG configurations. Considering all the factors, we prefer to combine the option 1 and option 2 to avoid either the wastage of radio resource by blindly dynamic scheduling for re-transmission de-prioritized packet via gNB or the risk of lost the de-prioritized packet due to stalked in the HARQ buffer for a long time.
[bookmark: _GoBack]Proposal 5: we kindly propose RAN2 to combine the option 1b) and option 2b) to avoid either the wastage of radio resource by blindly dynamic scheduling for re-transmission de-prioritized packet via gNB or the risk of lost the de-prioritized packet due to stalked in the HARQ buffer for a long time.
Conclusions
Observation 1: for option 1 a), if only rely on the option 1 to retransmit the de-prioritized MAC PDU on CG by gNB allocating dynamic UL Grant for retransmission will cause the resource in case of the UL CG skipping, especially in Industrial IoT case.
Observation 2: for option 1 b), Sometimes, the gNB can be aware of the MAC PDU in the CG has been dropped due to resource collision with another UL grant of high priority by some smart implementation method. And with some artificial intelligent scheduling algorithms are increasingly been studied and applied into the gNB implementation, this kind of smart ability of the gNB cannot be ignored.
Observation 3: For the scenario 1 (When the high-priority data transmission demand comes, the generated MAC PDU for the CG resource has not yet been delivered to the PHY layer or is just delivered to the PHY layer, and hence the transmission over the air interface has not started), it is inefficient for the network to issue DG resource for MAC PDU re-transmission just by blindly retransmission of de-prioritized MAC PDU on CG for every possible two grant overlapping.
Observation 4: if we force re-transmission of the deprioritized MAC PDU to be on a subsequent CG with the same HARQ process ID, it might bring the problem of unsatisfied data transmission latency requirement as indicated in the following figure. 
Proposal 1: we kindly propose RAN2 that the deprioritised MAC PDU should be allowed to be carried on a subsequent CG resource with a different HARQ process ID.
Proposal 2: we kindly propose RAN2 that UE should be allowed to move the MAC PDU stored from one HARQ buffer to another HARQ buffer. 
Proposal 3: we kindly propose RAN2 to further discuss the restriction criteria of the subsequent CG resource for allowing the de-prioritized MAC PDU to be transmitted on it.
Proposal 4: we kindly propose RAN2 to allow using the subsequent DG resource for transmission of the de-prioritized MAC PD as well, if this dynamic grant resource is for another low-priority data packet and the reliability of the DG is high enough for the de-prioritised MAC PDU.
Proposal 5: we kindly propose RAN2 to combine the option 1b) and option 2b) to avoid either the wastage of radio resource by blindly dynamic scheduling for re-transmission de-prioritized packet via gNB or the risk of lost the de-prioritized packet due to stalked in the HARQ buffer for a long time.
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