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Introduction
[bookmark: _Toc524946176]As discussed in the work item description ‎[1], intra-UE conflicts between grants should be handled.

	2. 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].



One of the conflict cases is that there is already configured grant with data ready to be sent on it, then the UE receives another grant to send its newly arrived data on it. In this paper, we address the case where the multiplexing rules in MAC decides that the later grant must pre-empt the existing one. We specifically address the UE handling such pre-emption operation if the pre-empted grant is a configured grant. 

This paper comes as a part of several discussions about overlapping grant’s handling. In ‎[2], we discuss the high-level proposals for grant prioritization involving configured grants. We address the need for reliability indicator for prioritization between grants in ‎[3]. In the below, we build on those concepts and discuss further related issues of the MAC handling.  
Discussion
One of the issues to be considered is when the pre-empted transmission is a configured grant. In such case, UE’s MAC will not know that the data was lost, and it assumes a correct reception by gNB, if it did not receive a DCI for a retransmission dynamic grant from gNB, within the ConfiguredGrantTimer period, as highlighted below in TS 38.321:
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	if the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
2>	if the configuredGrantTimer for the corresponding HARQ process is not running:
3>	consider the NDI bit for the corresponding HARQ process to have been toggled;



In the pre-emption case, gNB might not be aware of a transmission on the configured grant if the transmission of the configured grant is completely cancelled at the PHY layer. In addition, UE is allowed to skip configured grant transmission in case of empty buffer. Hence, gNB cannot tell the difference between the following two cases 1) UE transmits on the configured grant, but the transmission is cancelled at PHY due to another overlapping grant; 2) UE has empty buffer and does not transmit on the configured grant. For case 1), gNB would need to send a retransmission UL grant within the ConfiguredGrantTimer period. Otherwise, the data on that configured grant is lost. For case 2), gNB would not need to respond.  
[bookmark: _Toc4593613][bookmark: _Toc4657657][bookmark: _Toc4657748][bookmark: _Toc4657886][bookmark: _Toc4657976][bookmark: _Toc4658096][bookmark: _Toc4676831][bookmark: _Toc4677138][bookmark: _Toc4677224]If the pre-empted MAC PDU is on a configured grant and the transmission is not detected by the gNB, then the MAC PDU transmitted on this grant is lost.

There are several solutions to the above problem. One is to enforce an positive feedback from gNB to UE for each (or a group) of configured grant transmission occasion. Given that if UE did not receive an acknowledgement feedback it will assume that the data is lost. However, it imposes a large signalling overhead due to the need of ACK for every occasion of configured grant, especially when configured grants is with very short periodicity. In addition, it has been ruled out from the RAN1-lead eURLLC SI in rel-16. 
[bookmark: _Toc4153109][bookmark: _Toc4154337][bookmark: _Toc4274198][bookmark: _Toc4274209][bookmark: _Toc4423479][bookmark: _Toc4491049][bookmark: _Toc4586706][bookmark: _Toc4587114][bookmark: _Toc4593614][bookmark: _Toc4657658][bookmark: _Toc4657749][bookmark: _Toc4657887][bookmark: _Toc4657977][bookmark: _Toc4658097][bookmark: _Toc4676832][bookmark: _Toc4677139][bookmark: _Toc4677225]ACK feedback per configured grant occasion solves the issue of losing the pre-empted data, but it imposes a huge signalling overhead, especially for short periodicity configured grants and ruled out from RAN1-lead eURLLC SI in rel-16.

Another possible solution is that gNB always allocates a re-retransmission UL grant in such a case in which it does not detect transmission on the configured grant when the configured grant is a pre-empted grant. But this may also introduce overhead, since the UE might skip the transmission on the configured grant. 
[bookmark: _Toc4593615][bookmark: _Toc4657659][bookmark: _Toc4657750][bookmark: _Toc4657888][bookmark: _Toc4657978][bookmark: _Toc4658098][bookmark: _Toc4676833][bookmark: _Toc4677140][bookmark: _Toc4677226]gNB can send a re-transmission UL-grant when it does not detect transmission on the configured grant when the configured grant is a pre-empted grant, but this solution has additional overhead.

Another solution is that the UE can perform autonomous retransmission of the MAC PDU of a pre-empted configured grant. For example, UE can send the data on the next configured grant occasion. Another example could be that UE pushes the data from the pre-empted MAC PDU back to the original buffer and thus this data can be re-considered again on the pre-empting grant. This only requires some minor modification to the MAC to enable correct handling of such operation.
[bookmark: _Toc4677141][bookmark: _Toc4677227]MAC PDU from the pre-empted configured grant can be re-transmitted on the next configured grant occasion.
[bookmark: _Toc4153110][bookmark: _Toc4154338][bookmark: _Toc4274199][bookmark: _Toc4274210][bookmark: _Toc4423480][bookmark: _Toc4491050][bookmark: _Toc4586707][bookmark: _Toc4587115][bookmark: _Toc4593616][bookmark: _Toc4657660][bookmark: _Toc4657751][bookmark: _Toc4657889][bookmark: _Toc4657979][bookmark: _Toc4658099][bookmark: _Toc4676834][bookmark: _Toc4677142][bookmark: _Toc4677228]Data of pre-empted PDU can be re-considered for transmission on pre-empting PDU.

From the observation 1, there is an error case that needs to be solved and several solutions have been proposed in the paper. Thus, we propose
[bookmark: _Toc4153119][bookmark: _Toc4154334][bookmark: _Toc4274195][bookmark: _Toc4423476][bookmark: _Toc4491054][bookmark: _Toc4586711][bookmark: _Toc4587119][bookmark: _Toc4593619][bookmark: _Toc4657752][bookmark: _Toc4657890][bookmark: _Toc4657980][bookmark: _Toc4658100][bookmark: _Toc4677143][bookmark: _Toc4677229][bookmark: _Toc4686999][bookmark: _Toc4687074]RAN2 to discuss handling of the pre-empted MAC PDU transmitted on a configured grant.
[bookmark: _Toc4687000][bookmark: _Toc4687075]MAC PDU from the pre-empted configured grant is re-transmitted on the next configured grant occasion
[bookmark: _Toc4687001][bookmark: _Toc4687076]Data of pre-empted PDU can be re-considered for transmission on pre-empting PDU.
 
Conclusion
The following observations have been made:
Observation 1	If the pre-empted MAC PDU is on a configured grant and the transmission is not detected by the gNB, then the MAC PDU transmitted on this grant is lost.
Observation 2	ACK feedback per configured grant occasion solves the issue of losing the pre-empted data, but it imposes a huge signalling overhead, especially for short periodicity configured grants and ruled out from RAN1-lead eURLLC SI in rel-16.
Observation 3	gNB can send a re-transmission UL-grant when it does not detect transmission on the configured grant when the configured grant is a pre-empted grant, but this solution has additional overhead.
Observation 4	MAC PDU from the pre-empted configured grant can be re-transmitted on the next configured grant occasion.
Observation 5	Data of pre-empted PDU can be re-considered for transmission on pre-empting PDU.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813][bookmark: _GoBack]Based on the discussion above, we propose the following:
Proposal 1	RAN2 to discuss handling of the pre-empted MAC PDU transmitted on a configured grant.
Proposal 2	MAC PDU from the pre-empted configured grant is re-transmitted on the next configured grant occasion
Proposal 3	Data of pre-empted PDU can be re-considered for transmission on pre-empting PDU.
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