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1	Introduction
When uplink skipping is not configured, or when the PUSCH resource of a uplink grant overlaps with PUCCH, the MAC may generate a MAC PDU for the uplink grant even if there is no data or MAC CE (other than padding BSR or periodic BSR indicating that there is no data) to be conveyed. Eventually, such MAC PDU contains only padding BSR or periodic BSR indicating that there is no data in any LCG. Since this type of MAC PDU will also be stored in the HARQ buffer, in some cases it may still occupy the subsequent resources even though it does not contain much value. In particular, when autonomous transmission is configured and if such empty MAC PDU is deprioritized in the middle of its initial PUSCH, it would be fetched for autonomous transmission in the subsequent configured grant occasion and thereby preventing the UE from using this resource for new data that are more needful/critical. In this paper, we aim to discuss the problematic scenario and the potential solutions that we may employ to resolve the issue.
2	Discussion
2.1	Problematic Scenario
Using additional radio resource to transmit a MAC PDU that includes only periodic BSR indicating there is no data available for any LCG, or only the padding BSR, is very wasteful. We must point out that, although such MAC PDU could be generated for UCI multiplexing, the joint encoding of UCI is conducted in PHY so the MAC PDU stored in the HARQ buffer does not convey the UCI content. Besides the UCI may already become outdated anyway. 
When such “empty MAC PDU” (only includes periodic/padding BSR) is generated for a configured grant that is configured with autonomous transmission, there could be a case where the initial PUSCH transmission of such MAC PDU is deprioritized and cancelled by other higher priority transmission. Note that this can be a common case as this type of MAC PDU is always low-priority from LCH-based prioritization point of view, because it does not contain any user data. Now, based on the current autonomous transmission feature, when dealing with a subsequent CG with the same HARQ process, the HARQ entity will fetch this MAC PDU directly from the HARQ buffer and consider that a MAC PDU is already obtained for new transmission, and therefore it will not further instruct the multiplexing and assembly entity to build a new MAC PDU even if there is some more needful data or MAC CE waiting in the LCH buffer:
	……
3>	else if this uplink grant is a configured grant configured with autonomousTx; and
3>	if the previous configured uplink grant, in the BWP, for this HARQ process was not prioritized; and
3>	if a MAC PDU had already been obtained for this HARQ process; and
3>	if the uplink grant size matches with size of the obtained MAC PDU; and
3>	if none of PUSCH transmission(s) of the obtained MAC PDU has been completely performed:
4>	consider the MAC PDU has been obtained.
……



The problematic scenario is illustrated in Figure 1:
[image: ]
Figure 1 An illustration of the problematic scenario where autonomous transmission of an empty MAC PDU including only padding/periodic BSR is performed.

This is very undesirable for IIoT/URLLC use cases because:
· Autonomous transmission is configured for data traffics with certain level of low-latency requirement, transmitting such empty MAC PDU on a subsequent resource basically prevents the UE to use the subsequent resource to transmit the more urgent and important data that is waiting in the LCH buffer. As a result, it may severely jeopardize the latency performance.
· Only valueless periodic BSR or padding BSR are conveyed by this MAC PDU. Since they may be already outdated, transmission of such MAC PDU misguides the gNB’s understanding on the latest buffer status of the UE. Furthermore, the UE miss out the opportunity to update the BSR because the new transmission cannot be performed. Eventually, the gNB may not be able to allocate radio resource in a timely fashion and the latency performance could be degraded.
It is worth noting that, the feature of autonomous transmission was introduced in Rel-16 to facilitate low latency transmission by recovering deprioritized MAC PDU that could be relatively delay-sensitive. However, based on the discussion above, when such mechanism is used upon a worthless MAC PDU, it may violate its original motivation and instead impacts the latency performance we wanted to achieve. 
Observation: Autonomous transmission of a MAC PDU containing only padding BSR or periodic BSR indicating no data in any LCG would negatively impact the latency performance.
2.2	Possible Solutions
To address the problematic scenario described previously, we think there could be two options:
1. Flush this MAC PDU when it is deprioritized, so it will not be fetched for autonomous TX in the subsequent CG, if it only has padding or periodic BSR indicating no data or
2. Do not consider this MAC PDU as obtained for autonomous transmission in HARQ entity procedure, if it only has padding or periodic BSR indicating no data.

With Option 1, as soon as the UE decides to deprioritize this MAC PDU, it is directly flushed away from the HARQ buffer if it only includes padding BSR or only periodic BSR indicating no data. Note that before the decision of deprioritization is made, the UE needs to check the content of the MAC PDU anyway to evaluate the grant priority (based on LCH priority), so it does not really add any UE complexity. Since this is flushed at this point already, it will not impact the transmission of new data when it comes to the subsequent CG with the same HARQ process.

Option 2, on the other hand, the UE would keep this MAC PDU even if it is deprioritized. But when the HARQ entity is processing the subsequent configured grant, it would not fetch this MAC PDU if it only includes padding BSR or only periodic BSR indicating no data, even if all other conditions required for autonomous transmissions are met. Instead, the HARQ entity would instruct the multiplexing and assembly entity to build a new MAC PDU that can accommodate new data and MAC CE.

We believe this issue should be resolved to make sure the feature of autonomous transmission can work property, rather than negatively impacting the desired performance. Thus, we propose that RAN2 can discuss these two options and decide how it can be fixed. For each of the option, we have prepared the corresponding CR for RAN2 to consider, where Option 1 and Option 2 are captured by R2-2108284 and R2-2108285 respectively.


Proposal: RAN2 should discuss how to avoid autonomous transmission of a MAC PDU that includes only padding BSR or periodic BSR indicating no data, based on the following options:
1. Flush this MAC PDU when it is deprioritized, so it will not be fetched for autonomous TX in the subsequent CG, if it only has padding or periodic BSR indicating no data (CR: R2-2108284) 
2. Do not consider this MAC PDU as obtained for autonomous transmission in HARQ entity procedure, if it only has padding or periodic BSR indicating no data (CR: R2-2108285)


3	Conclusion
In this paper, we have discussed the problem of autonomous transmission of MAC PDU that includes only padding BSR or only periodic BSR indicating there is no data in any LCG. We have made the following observation and proposal: 
Observation: Autonomous transmission of a MAC PDU containing only padding BSR or periodic BSR indicating no data in any LCG would negatively impact the latency performance.
Proposal: RAN2 should discuss how to avoid autonomous transmission of a MAC PDU that includes only padding BSR or periodic BSR indicating no data, based on the following options:
1. Flush this MAC PDU when it is deprioritized, so it will not be fetched for autonomous TX in the subsequent CG, if it only has padding or periodic BSR indicating no data (CR: R2-2108284) 
2. Do not consider this MAC PDU as obtained for autonomous transmission in HARQ entity procedure, if it only has padding or periodic BSR indicating no data (CR: R2-2108285)
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