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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 it was automatic transmission of de-prioritized MAC PDUs was supported by several companies, as some technological components agreed in NR-U could be borrowed. However, specification complexity of which is still under investigation:

	RAN2 #107bis Agreement:
· There is support to have “UE autonomous retransmission in a CG resource”. Allow checking of complexity to next meeting.


This contribution aims to provide some of our views regarding autonomous transmission of de-prioritized MAC PDUs.
2
Discussion

Based on the agreement made in RAN2 #106, it is quite clear that the problem is rather straightforward if the de-prioritized MAC PDU was ought to be transmitted on a dynamic grant. Apparently, when the PUSCH of this MAC PDU is interrupted (e.g. stopped/cancelled) due to de-prioritization and hence the transmission of which cannot be completed, the gNB will simply see it as a transmission failure and may schedule a re-transmission grant by following the existing HARQ mechanism. Therefore, this is a natural system behavior and there is less specification impact when a transmission on dynamic grant is de-prioritized. 

In cases where the de-prioritized MAC PDU was generated for a configured grant (CG) occasion, it becomes more awkward as the gNB does not know whether the UE has skipped this configured grant occasion due to empty buffer or the MAC PDU has been de-prioritized by another colliding transmission. Due to such unclarity perceived by the gNB, it may choose not to send another UL grant for re-transmission to the UE for the de-prioritized MAC PDU that is currently stored in the HARQ buffer. As a result, the data could be severely delayed as it stuck in the HARQ buffer without appropriate transmission opportunity. One could argue that the gNB may send a re-TX grant for every CG occasion that the gNB did not manage to decode any data, but apparently this leads to very inefficient operation due to significant over-provisioning of radio resources.

Autonomous transmission on subsequent CG resource has been discussed as a way to solve such issue. This could be modeled as a new transmission although the PDU is in fact pulled out from a HARQ buffer. In the rest of this paper, we discuss some aspects of autonomous transmission of de-prioritized MAC PDUs that should be considered.
2.1 
Specification Impacts

As agreed in RAN2 #107bis, specification impacts should be investigated. To support the feature of autonomous transmission in a CG occasion, basically the specifications relating to behavior of new transmission have to be amended. In particularly, to transmit a de-prioritized MAC PDU as a new transmission on a configured grant resource, there are two fundamental conditions that the UE should check for an uplink grant:
· The uplink resource belongs to a configured grant.

· There is a MAC PDU in the HARQ buffer in identified HARQ process, which was not transmitted due to de- prioritization by other prioritized transmission.

Hence, some additional conditions and procedures for new transmission can be introduced to Section 5.4.2.1 in TS38.321; the exemplary specification change is shown below: 
	……

For each uplink grant, the HARQ entity shall:
1>
identify the HARQ process associated with this grant, and for each identified HARQ process:

2>
if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2> if the uplink grant is addressed to CS-RNTI; or

2>
if the uplink grant was received in a Random Access Response; or

2>
if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to subclause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:

3>
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

4>
obtain the MAC PDU to transmit from the Msg3 buffer.
3>
if there is a MAC PDU in the HARQ buffer of the identified process that has not been transmitted due to de-prioritization by other prioritzed transmissions:

4>
obtain the MAC PDU to transmit from the HARQ buffer of the identified process.

3>
else:

4>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;

3>
if a MAC PDU to transmit has been obtained:
4>
deliver the MAC PDU and the uplink grant and the HARQ information of the TB to the identified HARQ process;

4>
instruct the identified HARQ process to trigger a new transmission;
4>
if the uplink grant is addressed to CS-RNTI; or

4>
if the uplink grant is a configured uplink grant; or

4>
if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:

5>
start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed.

3> else:

4> flush the HARQ buffer of the identified HARQ process.

2>
else (i.e. retransmission):

3>
if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty; or

3>
if the uplink grant is part of a bundle and if no MAC PDU has been obtained for this bundle; or

3>
if the uplink grant is part of a bundle of the configured uplink grant, and the PUSCH of the uplink grant overlaps with a PUSCH of another uplink grant received on the PDCCH for this Serving Cell:

4>
ignore the uplink grant.

3>
else:

4>
deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process;

4>
instruct the identified HARQ process to trigger a retransmission;
4>
if the uplink grant is addressed to CS-RNTI; or

4>
if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:

5>
start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed.

……


In our understanding, autonomous transmission of pending MAC PDUs has already been adopted in NR-U, and the situation of which is even more complicated as it allows the UE to select the HARQ process for an uplink resource by itself. By comparison, the HARQ process associating to each CG resource in licensed band operations for IIoT is still based on parameters such as SFN/subframe/symbol numbers as in Rel-15. Hence, the specification complexity of supporting autonomous transmission of de-prioritized MAC PDU using CG resource should be quite manageable.

Proposal 1: Autonomous transmission of de-prioritized MAC PDUs can be supported in Rel-16 as the specification complexity of which is manageable. 
2.2 
Conditions of Using Automatic 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 transmission 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 automatic 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.

Proposal 2: 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.
2.3 
Applicability of Different HARQ Processes

Even if automatic transmission is supported, most companies believe that we should only use the CG resources with the same HARQ process. However, since the HARQ process associating to each CG occasion in a CG configuration could be different, it may take some time for the pending MAC PDU to obtain a radio resource with the same HARQ process, where autonomous transmission could be carried out. Obviously, this inevitably results in latency and may be very undesirable for delay sensitive traffics. 
Thus, automatic transmission on different HARQ processes could be allowed under some conditions as well. That is, when certain conditions are satisfied, the UE may flexibly send the de-prioritized MAC PDU on a subsequent radio resource with different HARQ process as a new transmission. Due to such flexibility, the UE may transmit the de-prioritized MAC PDU more rapidly by reducing the delay of waiting for an appropriate radio resource with the same HARQ process. The conditions may be related to priority of LCHs that are conveyed by the pending MAC PDU, or the amount of time that such MAC PDU has been stored in the HARQ buffer. For instance, when the highest priority of LCHs mapped to this grant is higher than a reference level, and/or if the buffered time has exceeded a threshold, the UE may select to resource associating to a different HARQ process to transmit this MAC PDU. 
Furthermore, instead of using any HARQ processes, the allowed set of HARQ processes may be defined/configured depending on the condition. Notably, it is desirable to restrict to HARQ processes associating to transmission occasions in the same CG configuration, in order to ensure the MAC PDU can be transmitted with an appropriate TBS.
From our point of view, RAN2 can further discuss the feasibility of using different HARQ processes for autonomous transmission of de-prioritized MAC PDUs. 

Proposal 3: Autonomous transmission of de-prioritized MAC PDU on subsequent radio resource with different HARQ process can also be considered, when certain conditions are satisfied.
2.4 
Discarding Timer of De-Prioritized MAC PDUs

On the other hand, whether or not autonomous transmission is supported, it is not desirable for this pending MAC PDU to stuck in a HARQ buffer for too long, which 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. 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, how to control discarding of a pending MAC PDU that has not been delivered for too long should be examined in RAN2. For instance, timers could be defined for a MAC PDU in accordance to the traffics (e.g. which LCHs) that are conveyed, based on their packet delay budget (PDB), and such timers could be employed to facilitate MAC PDU discarding and/or HARQ process switching as mentioned previously.  
Proposal 4: RAN2 should examine mechanisms of MAC PDU discarding based on latency requirement of the conveyed traffics.
3
Conclusions
This contribution discussed some of our views on autonomous transmission of de-prioritized MAC PDUs. Our proposals include the following:
Proposal 1: Autonomous transmission of de-prioritized MAC PDUs can be supported in Rel-16 as the specification complexity of which is manageable. 

Proposal 2: 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 3: Autonomous transmission of de-prioritized MAC PDU on subsequent radio resource with different HARQ process can also be considered, when certain conditions are satisfied.

Proposal 4: RAN2 should examine mechanisms of MAC PDU discarding based on latency requirement of the conveyed traffics.
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