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Introduction
According to the WID of NR IIoT [1], the WI should address the following objectives for Rel-16:
	The detailed objectives for NR intra-UE prioritization/multiplexing are:
· 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].


As highlighted above, RAN2 focus on the issue that how to resolve resource collision between uplink grants including conflict between dynamic grant(DG) and configured grant(CG), and conflict among multiple CGs, which is also known as conflict involving configured grant.
As concluded in RAN2#105[2], MAC may generate a PDU for each grant in grant conflict case. No matter how many MAC PDU generated, only one of them would be delivered to the network. Thus, “dropped MAC PDU” is introduced, accordingly data lost would be introduced if misalignment of dropped MAC PDU exists between UE and gNB.
In this paper, we will focus on the issue mentioned above.
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Scenarios on dropped MAC PDU
According to the agreement from RAN2#105[2]
UE prioritization of a grant when there is at most one dynamic grant in the set of conflicting grants (scenario 2 and CG/CG collision) shall be addressed. MAC specifies currently the UE prioritization of such cases, and modifications to MAC would be required.
RAN2 assumes that the later dynamic grant may always be prioritized over and earlier dynamic grant (scenario 3). One way to realize this is that MAC generate a PDU for each grant and let L1 handle conflicting transmissions. To be confirmed following progress in RAN1. Other solutions are not precluded

It is obvious that “dropped MAC PDU” may exist in the following:
· The case where dynamic grants overlap.
As it is concluded, MAC generates a PDU for each grant and let L1 handle conflicting transmissions. Only one of them is transmitted to the network, considering that the capability on multiple grants transmission in parallel on one serving cell is not supported. The pre-empted MAC PDU can be called as dropped MAC PDU.
· The case where grants overlaps involving configured grant.
Assuming that one MAC PDU has been assembled or transmitted, the UE receives another grant overlapping the previous processed one. UE determines the later grant must pre-empt the previous one based on the grant prioritization principle. Then, MAC needs to build another MAC PDU and drop the previous MAC PDU at the same time. The previous MAC PDU can be called as dropped MAC PDU.
In addition, the objective of addressing SR and data collision is also captured in NR IIoT WI.
Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
Assuming SR is prioritized when SR overlaps a PUSCH, it is also possible that the MAC PDU has been generated but finally dropped. 
In summary, as long as a PUSCH is involved in the conflict, the issue on the dropped MAC PDU may not be avoided.
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From the network perspective, the network has no idea whether the MAC PDU for the pre-empted UL grant was generated or not. The network may schedule the HARQ process associated to the pre-empted grant based on its implementation, and over-scheduling or data-lost will be introduced. More explanation for the misalignment is listed in the following:
	Misalignment 
	Action 
	Impact 

	Case1: 
The gNB considers dropped MAC PDU stored in the HARQ buffer but actually not
	The gNB may schedule the  retransmission for this MAC PDU
	Especially when there is no available data , CSI-RS, or MAC CE in UE uplink, the case may result in:
-  Over-scheduling.
-  Radio resource waste.

	Case2: 
The gNB considers dropped MAC PDU not stored in the HARQ buffer but actually being
	The gNB may schedule a new transmission for this MAC PDU
	UE may consider the NDI bit toggled for the HARQ process associated to the dropped MAC PDU, and the case may result in data lost.



Table 1 Misalignment between UE and gNB for dropped MAC PDU stored or not
[bookmark: _Toc7365139][bookmark: _Toc7385753][bookmark: _Toc7438482][bookmark: _Toc7539273][bookmark: _Toc7600236][bookmark: _Toc7600519][bookmark: _Toc7731228]The gNB has no idea on how to schedule the HARQ process associated to the pre-empted UL grant due to the lack of the information of “dropped MAC PDU”. The gNB might make a wrong decision, and over-scheduling or data-lost will be introduced.
As agreed in R15, uplink skipping is introduced and enabled via skipUplinkTxDynamic IE in RRC configuration, i.e. when skipUplinkTxDynamic is set to true, the MAC entity shall not generate a MAC PDU in case that no available MAC SDU, BSR or aperiodic CSI in uplink. Thus, the gNB cannot distinguish the following two cases 1) MAC generates and transmits the MAC PDU, but the transmission is finally dropped at PHY layer due to grant conflict; 2) MAC has empty buffer to generate a MAC PDU, and does not generate the grant.
[bookmark: _Toc7365140][bookmark: _Toc7385754][bookmark: _Toc7438483][bookmark: _Toc7539274][bookmark: _Toc7600237][bookmark: _Toc7600520][bookmark: _Toc7731229]Much uncertainty is introduced to the gNB to detect whether dropped MAC PDU exists or not if skipUplinkTxDynamic is set to true.
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Solutions on dropped MAC PDU
There are several solutions to resolve the above problem. One solution (i.e. Solution1) is that the gNB always allocates a re-retransmission for the grant which is pre-empted by another overlapping grant. This solution is more like gNB implementation, and it seems that less normative work is needed. But over-scheduling and radio resource waste may be introduced if there is no available data, MAC CE or CSI-RS in uplink.
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Another solution is to introduce UE assistance report to the gNB for clarifying where dropped MAC PDU associated to the pre-empted grant exists. For example, UE can introduce a new MAC CE and assemble it into the MAC PDU pre-empting others upon two MAC PDUs assembly. Or, to introduce a pre-configured PHY sequence or port for SR/grant transmission which has a higher priority LCH for the case that dropped MAC PDU has been assembled. This solution is a more efficient approach but requires much normative work in MAC and/or PHY.
[bookmark: _Toc7385756][bookmark: _Toc7438485][bookmark: _Toc7539276][bookmark: _Toc7600239][bookmark: _Toc7600522][bookmark: _Toc7731231]Introduce UE assistance report to the gNB for clarifying whether dropped MAC PDU associated to the pre-empted grant exists. This solution is more efficient but requires much normative work in MAC and/or PHY.
The third solution is that UE can perform retransmission of dropped MAC PDU autonomously without reporting the gNB the information of dropped MAC PDUs. It means that UE can obtain the subPDUs of dropped MAC PDU stored in the HARQ buffer and re-assemble them into a subsequent new grant. It can be further discussed whether the same HARQ process ID is required for the pre-empted grant and the subsequent new grant. We should note different approach with different cons: The potential latency will be introduced if the same HARQ process ID is required, otherwise work load for inter-operation among multiple HARQ processes need to be considered (i.e. in legacy specification, there is no need to UE to check the status of other HARQ buffer. But here, we should specify a behavior like this: when a new transmission is available, MAC shall check all HARQ processes one by one to discover whether dropped MAC PDU exists).
In addition, if the TBs with the dropped MAC PDU is different from the grant size with the subsequent new grant, it is obvious that some subPDUs may not be rebuilt into the subsequence grant occasion. More issues will be raised and more work will be introduced in RAN2 on how to handle the residual subPDUs which are not rebuilt into the new grant.
[bookmark: _Toc7385757][bookmark: _Toc7438486][bookmark: _Toc7539277][bookmark: _Toc7600240][bookmark: _Toc7600523][bookmark: _Toc7731232]UE can perform retransmission of dropped MAC PDU autonomously without reporting the gNB the information of dropped MAC PDUs. This solution has no interaction requirement between the UE and the gNB but requires much normative work in MAC to rebuild the subPDUs of the dropped MAC PDU into the subsequent new transmission.
[bookmark: _Toc7600241][bookmark: _Toc7600524][bookmark: _Toc7731233]More issues should be considered if grant size of the subsequence uplink grant does not match with size of the dropped MAC PDU.
Considering the pros and cons for each solutions mentioned above, we think Solution 1 may be the simplest approach. So, if the network vendor is ok to always schedule re-transmission for the grant that carries the dropped MAC PDU, we propose that:
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Otherwise, we propose:
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Conclusion
Based on the discussion above, we made the following observations:
Observation 1	The assembled MAC PDU can be dropped in all overlapping grants scenarios involving PUSCH transmission.
Observation 2	The gNB has no idea on how to schedule the HARQ process associated to the pre-empted UL grant due to the lack of the information of “dropped MAC PDU”. The gNB might make a wrong decision, and over-scheduling or data-lost will be introduced.
Observation 3	Much uncertainty is introduced to the gNB to detect whether dropped MAC PDU exists or not if skipUplinkTxDynamic is set to true.
Observation 4	The network can always schedule retransmission for the pre-empted grant, but over-scheduling and radio resource waste is inevitable.
Observation 5	Introduce UE assistance report to the gNB for clarifying whether dropped MAC PDU associated to the pre-empted grant exists. This solution is more efficient but requires much normative work in MAC and/or PHY.
Observation 6	UE can perform retransmission of dropped MAC PDU autonomously without reporting the gNB the information of dropped MAC PDUs. This solution has no interaction requirement between the UE and the gNB but requires much normative work in MAC to rebuild the subPDUs of the dropped MAC PDU into the subsequent new transmission.
Observation 7	More issues should be considered if grant size of the subsequence uplink grant does not match with size of the dropped MAC PDU.

And propose the following:
[bookmark: _GoBack]Proposal 1	RAN2 consider solutions to handle dropped MAC PDU in the event of overlapping grants.
Proposal 2	The gNB always schedule retransmission for the pre-empted grant in the event of overlapping grants.
Proposal 3	Introduce UE assistance report to the gNB for clarifying whether dropped MAC PDU associated to the pre-empted grant exists.
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