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1
Introduction

According to the revised 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].

· Address UL data/control and control/control resource collision by (L1 multiplexing of services of different priority is out of scope):

· 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 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].




In RAN2 #107, it was agreed that only one MAC PDU will be generated when there are two or more colliding grants. 

	RAN2 #107 Agreement:

· For The case when no PDU has been generated at all yet, and there is two grants where one will be de-prioritized (and there is data available for both grants).  One PDU is generated


On the other hand, there could be case where the MAC PDU for a de-prioritized grant is already generated, and how it should be handled has been discussed in RAN2 #106, which leads to the following agreement:

	RAN2 #106 Agreement:

· 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 




Some further discussions took place in RAN2 #107bis and RAN2 #108, and autonomous transmission of pending MAC PDU has been agreed as an optional feature in Rel-16. The relevant agreements can be found below: 
	RAN2 #108 Agreement:

· UE autonomously transmits the de-prioritized PDU as a new transmission in a CG resource from the same CG configuration (FFS different CG configuration)

· The new CG uses the same HARQ process as the deprioritized CG.

· The Aut (re-) transmission feature is optional

· The case when the next CG resource cannot be used for a retransmission because of UE processing time limitation can occur (no consensus on whether this is a corner case or a mainstream case). Leave the timeline restriction to UE implementation (we don’t specify a new number, can specify something). 

· UE shall not perform autonomous transmission of the PDU if network has scheduled a retransmission grant for the PDU. FFS whether we specify some time restriction. 




This contribution aims to discuss some of our views on some of the remaining issues on autonomous transmission, including the conditions where the UE may considering apply autonomous transmission, configuration details of autonomous transmission behaviour, and how to handle pending MAC PDUs that stuck in HARQ buffer for too long.  
2
Discussion
2.1 
Conditions of Autonomous Transmission
As aforementioned, de-prioritized MAC PDUs generated for a CG could also be handled by relying on gNB scheduling of re-transmission grant. However, the UE may not know if it should try to conduct automatic transmission by itself using subsequent CG resources, or just wait for the re-transmission grant that potentially will be scheduled by the gNB. From our perspective, there could two different cases of de-prioritized MAC PDUs:

· Case 1: At least some DM-RS symbols associating to the PUSCH of the de-prioritized MAC PDU have been already been transmitted, before it is stopped/cancelled due to de-prioritization.
· Case 2: Nothing associating to the PUSCH of the de-prioritized MAC PDU have been already been transmitted.

In Case 1, the gNB may be able to detect that the UE has attempted to transmit a PUSCH for a CG occasion, and hence can speculate that a MAC PDU has been generated but was not transmitted completely due to intra-UE prioritization. Thus, it is likely that the gNB would schedule a re-transmission grant to recover this de-prioritized MAC PDU. Conversely, if nothing relating to the de-prioritized CG has been transmitted as in Case 2, there is no way for the gNB to know the existence of such de-prioritized MAC PDU, and therefore it should be the main use case of autonomous transmission. In light of this, a UE may determine its mode of handling de-prioritized MAC PDUs, i.e. choose between relying on gNB scheduling and conducting autonomous transmission, based on whether at least some DM-RS symbols associating to the corresponding PUSCH have been transmitted over the air interface.

Also, regardless of whether any DMRS symbols have been transmitted, the UE may wait for a while prior to initiating autonomous transmission, to see if it can receive a re-transmission grant from the gNB that it can use. Nevertheless, we think this is a UE implementation option, and we do not need to specify anything in RAN2 for such behavior.
Proposal 1: The UE may choose to rely on gNB scheduling of re-transmission grant or autonomous transmission to handle a de-prioritized MAC PDU, based on whether at least some DM-RS symbols associating to its PUSCH have been transmitted.
2.2
Configuration of autonomousReTx
In the email discussion [108#32], one open issue that has been identified for RRC is whether enablement of autonomous transmission (dubbed as autonomousReTx) should be configured per MAC entity or per configured grant configuration. Note that we have already agreed to adopt LCH mapping restriction based on LCH-to-CG association, which is useful for cases wherein the UE needs to handle TSC data streams with different traffic characteristics. As autonomous transmission is mainly beneficial in terms of latency, and the traffic streams that are mapped to each of the CG configuration do not necessarily have the same latency requirement, we think it is better to configure autonomousReTx per CG configuration. Thus, for pending MAC PDU that were generated for resources of certain CGs, autonomous transmission may be disabled. Moreover, for LCHs that are associated to specific CGs, the gNB should know when it can expect a PUSCH transmission based on its knowledge acquired from TSCAI, and so re-transmission grant can be assigned accordingly. From this perspective, it is better to differentiate the behaviour of a UE toward different CG configurations, especially autonomous transmission should be used for CGs for LCHs without deterministic (and hence less predictable) traffic patterns. By taking a step further, we think it is also possible to configure autonomousReTx in a per-LCH manner, meaning that autonomous transmission is only enabled for pending MAC PDU that contains data from certain LCHs, such as the LCHs corresponding to aperiodic URLLC traffic flows. 
Proposal 2: autonomousReTx should be configured per-CG configuration or per-LCH.
Another related issue is whether autonomous transmission can be performed on resources of different CG (which is also a FFS in the agreements made in RAN2 #108). By following the same argument, some CGs are reserved for traffics with deterministic arrival times, and it would be awkward if some of their resources are “hijacked” by pending MAC PDUs from other CGs. Hence, in order to have a “clear cut” among CG configurations and keep implementation complexity minimal, we prefer not to support autonomous transmission on different CG configurations.
Proposal 3: Autonomous transmission on different CG configuration is not supported.
2.3
Discarding Timer of Pending MAC PDU
It is not yet clear for how long the UE should attempt an autonomous retransmission. It is not desirable for the pending, de-prioritized MAC PDU to be stuck in a HARQ buffer for too long as it may further jeopardize the upcoming traffics subsequently. In particular, for certain types of applications, the data that has been delayed for too long might become totally useless. For example, packets associated with delay critical GBR count towards PLER in case they were successfully delivered, but their PDB target was not met. It would be a waste of resources to send them when there is no chance to meet PDB anymore. Thus, instead of letting this MAC PDU to stay in the HARQ buffer for too long and potentially block newly arrived traffics, it might be better off to discard this pending MAC PDU when it is no longer needed. Therefore, there should be means to discard a pending MAC PDU that has not been delivered for too long. This could be done by introducing an LCH associated timer which would be started once a MAC PDU containing this LCH is delivered to HARQ process for transmission, and the pending MAC PDU will be flushed away from the HARQ buffer if it is still not successfully delivered upon timer expiration. 
Proposal 4: Introduce a per-LCH timer to enable discarding of the de-prioritized MAC PDU from the HARQ buffer, if not transmitted on time. 
3
Conclusions

This contribution discussed some of our views on several open issues relating to autonomous transmission, and we propose the following:
Proposal 1: The UE may choose to rely on gNB scheduling of re-transmission grant or autonomous transmission to handle a de-prioritized MAC PDU, based on whether at least some DM-RS symbols associating to its PUSCH have been transmitted.
Proposal 2: autonomousReTx should be configured per CG configuration or per-LCH.
Proposal 3: Autonomous transmission on different CG configuration is not supported.
Proposal 4: Introduce a per-LCH timer to enable discarding of the de-prioritized MAC PDU from the HARQ buffer, if not transmitted on time. 
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