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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#105bis meeting, various issues on CG/CG and CG/DG prioritization have been discussed, including how to handle a pre-empted pending MAC PDU [1]-[5], as well as the handling of collisions between PUSCH transmissions with equal-priority [1][6]-[8]. However, there is no consensus on these issues. In this document, these issues are studied further and potential solutions are presented.
[bookmark: _Ref7452799]Discussion
Handling of pre-empted MAC PDU
[bookmark: _Ref7453051]Problem
In the WID, it has been agreed that resource conflicts between PUSCHs as well as UL data and UL control will be addressed [6]. 
	· 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].
· 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].
· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].


Once resources collision happens involving a configured grant (CG), the CG may be pre-empted if its MAC PDU is of lower priority than the MAC PDU of the other conflicting UL grant. And if such overridden MAC PDU has already been assembled and delivered to PHY, the gNB is not aware whether the CG was preempted as a follow-up of the prioritization, or if it was skipped because there was no matching data in the buffer. This issue can happen for the resources collision between CG and other data channel, i.e. DG or CG, as well as for CG and SR. In all three cases, the MAC PDU for the CG may have been generated for different reasons, for example:
· CG/DG collision: the DCI for the CG was received after the CG transmission was started
· CG/CG collision: the transmission of the pre-empted CG already started when the pre-empting CG received data with higher priority
· CG/SR collision: the transmission of the pre-empted CG already started when the SR for a highest priority LCH was triggered
	So the network is not expected to request a re-transmission for the pre-empted CG MAC PDU. Then, the MAC PDU may be lost or can only be retransmitted by higher layer. This will increase the packet loss rate and/or latency for the service. Therefore, enhancements are necessary to address these issues. 
Observation 1: The network is not aware whether the CG was pre-empted as a follow-up of the prioritization, or if it was skipped.
Observation 2: Packet loss rate and/or latency for the service may be increased due to the pre-empted MAC PDU, therefore, enhancements are necessary.
Since the MAC PDU is stuck in the HARQ buffer of the HARQ process, i.e. in MAC, it seems logical that the handling of such MAC PDU is addressed by MAC.
[bookmark: _Toc7515066]Proposal 1: The issue of a CG overridden by another uplink grant resulting in a MAC PDU loss should be addressed by MAC.
Solutions
Three solutions have been mentioned so far, as described below.
Solution 1: The network always schedules one retransmission for the CG. 
In this alternative, the network blindly assigns a retransmission grant for the CG for each of the resource collision use cases listed in Section 2.1.1. If overriding happens, the UE retransmits the preempted MAC PDU on the new assigned grant. If the UE skipped the CG, the uplink grant will be skipped. This is the simplest approach since it is all left to NW implementation, but comes with a high overhead, considering all cases where the grant for retransmission is useless and wasted. In other words this solution is always possible but should not be considered as the only solution.
Solution 2: The UE sends an indication to the network when overriding happens. 
For example, one MAC CE can be assembled into the overriding MAC PDU to indicate that CG has been pre-empted. When the network receives the MAC CE, it will send a grant to the UE. This is the most efficient approach but requires a new specific MAC CE. However, when CG is pre-empted by SR, new design for the indication attached with the SR may be necessary. This will inevitably introduce impacts and extra-complexity on RAN1, which should be avoided. As a result this solution is not a unified solution.
Solution 3: The UE automatically retransmits or reassembles the pre-empted MAC PDU
In this alternative, the UE automatically retransmits or reassembles the pre-empted MAC PDU when the next available uplink grant arrives, e.g. configured grant or dynamic grant. We elaborate below the various options for handling this solution, showing no major issue is identified. One drawback is that the MAC PDU will be delayed to the next CG occasion, at most. And if the CG, despite it was pre-empted, is associated with a low-latency LCH, Solution 1 can always be used (selectively) for such cases.
From the above analysis, we can see that alternative 1, alone, will bring resource waste and alternative 2 does not address the SR-PUSCH usecase. On the other hand, alternative 3 correctly addresses the issue for all use cases. Then, it is proposed:
[bookmark: _Toc7515067]Proposal 2: A pending MAC PDU generated for a pre-empted CG is re-transmitted or re-assembled in a next available UL grant. No specific indication is sent to the NW.
We now address the various options for transmitting the pre-empted MAC PDU. There are basically two options: re-transmission (by HARQ) or re-assembly (by Multiplexing and assembly).
Solution 3-a: The MAC PDU is reassembled by the Multiplexing and assembly procedure
In this alternative, the uplink grant for the reassembled MAC PDU can be a configured grant or a dynamic grant. The Multiplexing and Assembly entity will include MAC subPDUs carrying the overridden MAC PDU and may also include other subPDU, e.g. MAC CE. The procedure is shown in Figure 4. This approach may introduce some complexity on the MAC PDU Multiplexing and assembly procedure. The benefit is that at least some (highest priority and/or tightest latency) pending MAC subPDUs can fly in the very next available UL grant.


Figure 1. [bookmark: _Ref6909600]Reassembled MAC PDU for a new transmission


Solution 3-b: The UE retransmits the complete MAC PDU by the next available and fitting uplink grant for a new transmission. 
Similar to solution 3-a, the next uplink grant can be either CG or DG, however it must be large enough to carry the complete PDU. The pending MAC PDU is transmitted as a new transmission. This alternative is suitable for cases where the grant size is not changed between the pre-empted MAC and the retransmission. Otherwise, padding or segmentation is necessary which can only be performed by retransmission. Therefore, the simplest approach for this solution is to send the pending PDU in the next CG occasion of this CG configuration. Since the HARQ ID is calculated according to the timing information of the CG, the overridden MAC PDU may be transferred to the new HARQ process buffer, if the HARQ process ID has changed. This approach cannot be left to UE implementation and must be captured in MAC; it also incurs a potentially high latency, depending on the CG period. 
[image: ]
Figure 2. [bookmark: _Toc4417096][bookmark: _Toc4417411]The complete MAC PDU is (re)transmitted as a new transmission in the next available/fitting UL grant. In this example, the next CG occasion.
[bookmark: _Toc7515068]Proposal 3: RAN2 down-selects one solution for handling the pre-empted/pending MAC PDU among MAC PDU re-assembly and retransmission in the next available/fitting UL grant of the complete and same MAC PDU.
Handling of resource conflicts between equal-priority grants
The study item concluded in Section 5.3.1 of the TR [10] that resource conflicts between DG and CG PUSCH /multiple CGs would be addressed by MAC, and provided the general principle of such prioritization rule:
	UE prioritization of a grant when there is at most one dynamic grant in the set of conflicting grants (scenario 2 and configured/configured grant collisions) shall be addressed. MAC specifies currently the UE prioritization of such cases, and modifications to MAC would be required.
[…]
For cases when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each logical channel.


The above rule is crystal clear for all cases where colliding grants are of different priorities. However it has not been discussed so far what the MAC behavior should be when the above prioritization rule results in equal priorities in both overlapping grants. Such case may occur e.g. with two different LCHs of equal-priority in the two grants, but with different channel mapping restrictions. One LCH may have tougher channel mapping restrictions than the other and may for example be mapped onto the shortest (or most reliable) PUSCH of the colliding grants. Since the priority of an LCH does not necessarily correlate with the latency/reliability requirement (e.g. eMBB traffic of a premium user, AV/VR traffic, etc) this scenario may not be so infrequent. In such case we suggest that the grant with the most restrictive channel mapping restriction (e.g. the smaller PUSCH duration or the most reliable MCS) is prioritized.
[bookmark: _Toc7515069]Proposal 4: In case the priority-based rule results in equal priorities for both overlapping grants, the grant with the most restrictive channel mapping restriction (e.g. the smaller PUSCH duration or the most reliable MCS) is prioritized.
Conclusion
[bookmark: _GoBack]This contribution discusses the solutions for preempted CG MAC PDU and prioritization among equal-priority grants.
The resulting observation and proposals are as follows:
Observation 1: The network is not aware whether the CG was pre-empted as a follow-up of the prioritization, or if it was skipped.
Observation 2: Packet loss rate and/or latency for the service may be increased due to the pre-empted MAC PDU, therefore, enhancements are necessary.
Proposal 1: The issue of a CG overridden by another uplink grant resulting in a MAC PDU loss should be addressed by MAC.
Proposal 2: A pending MAC PDU generated for a pre-empted CG is re-transmitted or re-assembled in a next available UL grant. No specific indication is sent to the NW.
Proposal 3: RAN2 down-selects one solution for handling the pre-empted/pending MAC PDU among MAC PDU re-assembly and retransmission in the next available/fitting UL grant of the complete and same MAC PDU.
Proposal 4: In case the priority-based rule results in equal priorities for both overlapping grants, the grant with the most restrictive channel mapping restriction (e.g. the smaller PUSCH duration or the most reliable MCS) is prioritized.
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