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[bookmark: _Ref528762725]Introduction
In RAN2#113-e, RAN2 discussed how to handle the configuredGrantTimer with bundle transmissions when autonomousTx is configured for the configured grant configuration, based on [1]. But no conclusion could be achieved and the issue was postponed:
	R2-2101744	Configured grant timer handling upon PUSCH cancellation for bundle case	ASUSTeK	CR	Rel-16	38.321	16.3.0	1047	-	F	NR_IIOT-Core
how to handle CGT in the case of autonomous transmission and bundling is postponed 



This contribution discusses the general handling of a CG bundle when lch-basedPrioritization is configured and suggests clarifying the behavior. It also concludes that a configured grant configuration with bundle transmission should not be configured with autonomousTx.
Discussion
This issue, initially raised in [1] was discussed in the offline [AT113-e][024][IIOT] User Plane II (Asus) with mixed views and a number of companies that wished to take more time to assess the problem.
2.1. Description of the issue
The issue occurs when a configured grant configuration is configured with both autonomousTx and bundled transmission. Indeed, as shown in Figure 1, the upper figure shows regular behavior of a bundle configured grant, where the initial CG of the bundle is treated by the initial transmission branch of the HARQ entity procedure, which starts the configuredGrantTimer, and the following CG resources of the bundle (in subsequent slots) are addressed by the retransmission branch of the HARQ entity procedure, while the configuredGrantTimer keeps running (and is not restarted by any repetition of the bundle). Now when the first transmission of the bundle is deprioritized, thus resulting, after the CR [3] agreed in RAN2#112-e, in stopping the configuredGrantTimer, it is unclear how the following CG resource is expected to be treated by the HARQ entity procedure (as illustrated in the lower figure): in the initial transmission branch, which would trigger an autonomous transmission in this resource of the pending deprioritized PDU? Or should it be treated normally in the retransmission branch, despite the configuredGrantTimer is not running?
Similar questions arise when it is one of the repetitions that is deprioritized.



[bookmark: _Ref67927684]Figure 1: Upper figure: Normal bundle behaviour; Lower figure: possible bundle behaviours upon de-prioritization
2.2. [bookmark: _Ref67922110][bookmark: _Ref61251099]Handling of bundle grants by UL Grant reception and HARQ entity procedures 
To answer the above question, it must be first checked and clarified at which time the replicated CG resources of a bundled are delivered to the HARQ entity and also when they are assessed for prioritization. Clearly, the UL Grant reception procedure delivers the initial CG grant of a bundle as well as all replicated resources, as captured in the HARQ entity normative text (Clause 5.4.2.1):
	Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.


Now, given the initial transmission starts the configuredGrantTimer, it means that all above separate uplink grants of the bundle are delivered altogether at the same time by the UL Grant reception procedure to the HARQ entity, otherwise, since they are all associated with the same HARQ process, the replicas would be blocked by the running configuredGrantTimer (upper Figure 1). As we discuss bundle, we see no reason to differentiate dynamic grant bundle regarding the above clarification which we think also applies there.
Proposal 1: All uplink grants of a bundle are delivered altogether simultaneously with the initial grant of the bundle by the UL Grant reception procedure to the HARQ entity.
Moreover, the HARQ entity procedure captures clearly the routing of the first and following uplink grants of a bundle in the initial transmission and retransmission branches of the procedure, respectively:
	For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7].


As a result, it is not required to explicitly determine, in the UL Grant reception procedure, the NDI status of the uplink grants following the first grant in a bundle, when delivered to the HARQ entity. Therefore, we believe proposal #1 should be clarified in the specification by simply adding the following NOTE after the configured grant filtering procedure of Clause 5.4.1 (captured in our companion CR [4]):
	NOTE 6:	All uplink grants associated with a transmission within a bundle are delivered to the HARQ entity along with the first uplink grant of the bundle.


Then, it must be clarified when the repetition grants (following the first grant) of the bundle are treated by the intra-UE prioritization procedure, which is part of the UL Grant reception procedure. If their priority is assessed at the time they are delivered to the HARQ entity, it might be too early and some later events, such as new triggered SR of a higher-priority scheduled dynamic grant could be missed. Therefore, it is expected that the intra-UE prioritization procedure is run for such repetition grants of a bundle after they have been delivered to the HARQ entity, possibly at the deadline defined by their processing time (Tproc,2) before transmission.
Proposal 2: The intra-UE prioritization procedure is run for the repetition grants of a bundle after they have been delivered to the HARQ entity.
The resulting timeline of the processing of the uplink grants of a bundle is illustrated in Figure 2.


[bookmark: _Ref67911858]Figure 2: MAC modelling of the processing of the uplink grants of a bundle
But since it is a common understanding that MAC specification does not capture timelines, we don’t think proposal 2 impacts the current specification. Note though that the intra-UE prioritization of the repetitions within a bundle is still not correctly captured in MAC, which we address in our companion CR [4].
2.3. Handling of a deprioritized grant within a bundle
Coming back to the initial issue and assuming the above behavior, it is clear that the repetition grants following the first grant will be treated as retransmission irrespective of whether the configuredGrantTimer is running or not. Still, it remains unclear what is the expected MAC behavior upon de-prioritization of a CG within a bundle.
When the initial transmission is deprioritized, if autonomousTx is configured for this configured grant configuration, none of the following uplink grants can be used for an autonomous transmission because, per the discussion in Section 2.2, they are not going into the initial transmission branch of the HARQ entity. However these uplink grants will be normally handled as repetitions of the bundle and, if not deprioritized, will be transmitted. And any such transmission will disallow triggering an autonomous transmission of the deprioritized PDU in the next CG bundle with same HARQ process, since the below condition won't be fulfilled:
	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.


Hence, when the initial transmission is deprioritized, no autonomous transmission takes place if at least one repetition is not deprioritized and transmitted, which makes sense since it makes gNB aware of the bundle activity and gNB can then schedule a dynamic retransmission, if needed (Figure 3-up).
Observation 1: When the initial transmission is deprioritized, no autonomous transmission takes place if at least one repetition is not deprioritized.
On the contrary, if all uplink grants in the bundle are deprioritized, then the first uplink grant of the next bundle with same HARQ process is a valid CGO for running the autonomous transmission of the (still) pending deprioritized PDU (Figure 3-down).
Observation 2: If all uplink grants in the bundle are deprioritized, then the first uplink grant of the next bundle with same HARQ process is a valid CGO for running the autonomous transmission of the (still) pending deprioritized PDU.


[bookmark: _Ref67930751]Figure 3: MAC behaviour when the initial grant of a bundle is deprioritized
When a repetition transmission is deprioritized after the initial grant was prioritized, if autonomousTx is configured for this configured grant configuration, it will play no role because no autonomous transmission will ever take place for this pending PDU since the same above condition is not fulfilled. However, in some configurations of the configuredGrantTimer, stopping the timer may result in abnormal behavior. For example, as shown in Figure 4, if gNB wishes to distribute the processing time for responding to a bundle reception across e.g. two bundles, it can configure the configuredGrantTimer to last two CG periods. But then if the configuredGrantTimer is stopped prematurely, any new transmission can take place in the very next bundle for this HARQ process, before gNB got time to schedule a retransmission grant for the previous bundle, if needed, and the associated pending PDU is overwritten. 


[bookmark: _Ref67926456]Figure 4: MAC behaviour a subsequent grant of a bundle is deprioritized
As a result of the above analysis, we can summarize that, when autonomousTx is configured for a configured grant bundle:
· The autonomous transmission can only be triggered when all grants of the bundle have been deprioritized, which should be a rare case
· It can result in some abnormal behaviour in some scenarios. And this would require a fix that would have as effect to prevent the autonomous transmission to be triggered for such scenarios, which ends-up disabling autonomousTx for such scenarios, as when autonomousTx is not configured.
Observation 3: Configuring autonomousTx for a bundle CG is of marginal use while creating issues that would require some specification fix to keep MAC behavior as when autonomousTx is not configured.
Proposal 3: autonomousTx shall not be configured for a bundle CG configuration.
Conclusion
This contribution analyzed the handling of configured grants within a bundle across the UL Grant reception and HARQ entity procedures, and the expected MAC behavior when lch-basedPrioritization and autonomousTx are configured, resulting in the following observations and proposals:
[bookmark: _GoBack]Proposal 1: All uplink grants of a bundle are delivered altogether simultaneously with the initial grant of the bundle by the UL Grant reception procedure to the HARQ entity.
Proposal 2: The intra-UE prioritization procedure is run for the repetition grants of a bundle after they have been delivered to the HARQ entity.
Observation 1: When the initial transmission is deprioritized, no autonomous transmission takes place if at least one repetition is not deprioritized.
Observation 2: If all uplink grants in the bundle are deprioritized, then the first uplink grant of the next bundle with same HARQ process is a valid CGO for running the autonomous transmission of the (still) pending deprioritized PDU.
Observation 3: Configuring autonomousTx for a bundle CG is of marginal use while creating issues that would require some specification fix to keep MAC behavior as when autonomousTx is not configured.
Proposal 3: autonomousTx shall not be configured for a bundle CG configuration.
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