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1	Introduction
[bookmark: _GoBack]In RAN2 meeting #112-e the following agreements were reached [1]: 
	RAN2 #112e Agreements:

1 	It is assumed that LBT failures only happen infrequently in UCE (unlicensed controlled environment).  A formal definition of UCE and its relationship to semi-static or dynamic access mode is not necessary in RAN2 specifications.
2	cg-RetransmissionTimer can be configured optionally for shared spectrum
3	When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
4	When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.
5	As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.
6	HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.
7	FFS if LCH based prioritization can be configured with cg-RetransmissionTimer
8	The assumption for Rel-16 is that the network will not configure autonomousTx and cg-RetransmissionTimer simultaneously per cell.  No optimizations will be pursued to allow the two features be configured together in Rel-16.  No CR is needed for this for now.
9	If a configured grant is deprioritized and/or gNB didn’t get it (e.g. LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)




Based on the agreements that are highlighted, clearly RAN2 needs to study if NR-U mechanisms should be enhanced in order to support LCH-based prioritization (or vice versa). In this paper, we aim to provide some of our views on how the existing NR-U mechanisms could be enhanced to facilitate more rapid transmission of URLLC data. 
2	Discussion
LCH-based prioritization was defined in Rel-16 IIoT WI, in order to support data traffics with very stringent latency requirements that are often considered in the IIoT use cases. Typically, traffic flows with more strict delay budget would be configured with higher LCH priority, and therefore LCH priority is used as a key metric for MAC to determine which uplink resource should be prioritized in cases of collision, in accordance to the data they can accommodate. As a result, some MAC PDU could be de-prioritized and not completely transmitted even if they are already generated, and a branch functionality called Autonomous transmission was also developed allowing UE to process de-prioritized MAC PDU in subsequent CG resources. In Rel-16 NR-U, prioritization among different traffics was not really considered, and in order to fit the Rel-17 objective, we should examine how Rel-17 can be enhanced such that delay-sensitive traffics can also be properly prioritized even in unlicensed band operation. In light of this, we discuss several enhancement directions below.

2.1	Handling of De-prioritized MAC PDU via Autonomous Re-Transmission
In NR-U, a TB is considered as pending when LBT failure happens and will be transmitted in subsequent available occasion. In that sense, autonomous transmission for IIoT is very similar, especially if we consider deprioritized MAC PDU (due to intra/inter-UE prioritization) as pending. One difference is that autonomous transmission in IIoT is restricted to use the same CG configuration, while that restriction is not present for pending PDU in NR-U. And on top autonomous retransmission is also supported when the cg-RetransmissionTimer is expired in case the NW does not send feedback or UL grant for retransmission. Generally speaking, both mechanisms are targeting to recover a TB that the gNB (potentially) failed to receive. From our perspective, in order to support LCH-based prioritization (and hence autonomous transmission) in unlicensed band setting, and easiest approach is to unify these two functionalities and allow autonomous retransmission to handle de-prioritized MAC PDU as well. By merging these features, one could only configure autonomous re-transmission in NR-U in order to address both issues of pending (due to LBT failure) and de-prioritized (due to intra/inter-UE prioritization) MAC PDU. At the gNB side, it can interpretate whether it is a re-transmission or new transmission by checking the HARQ PID and NDI in the CG-UCI, in order to determine if any soft-combining should be conducted.
Proposal 1a: Autonomous Re-Transmission should be enhanced in Rel-17 to also support de-prioritized MAC PDU.
It is worth noting that, the cg-RetransmissionTimer starts at the beginning (i.e. first OFDM symbol) of a CG-PUSCH. However, due to intra/inter-UE prioritization, the CG-PUSCH may be cancelled/stopped (i.e. become de-prioritized) in the middle of its transmission, while the cg-RetransmissionTimer would continue to run. Thus, MAC cannot try to transmit this de-prioritized MAC PDU again until the cg-RetransmissionTimer is expired, this potentially increases the unnessary delay for the UE to deliver the data. Hence, in order to avoid such situation, the cg-RetransmissionTimer can be terminated earlier (than the default expiration time) to allow more immediate transmission of the de-prioritized MAC PDU.
Note that it was agreed in the previous meeting that configuredGrantTimer is stopped when a TB is deprioritzed for Rel-16 if the CG is configured with autonomousTx [2]. As the operation for configuredGrantTimer is different for NR-U where it is only started for initial transmission but not for retransmissions, it should not be stopped at least if the deprioritized transmission is a retransmission. ConfiguredGrantTimer can be stopped if the depriotization is a initial trrnasmission. Or To keep it simple, it can be kept untouched for de-prioritization case since retransmission can immediately happen at next occasion. It is also worthnoting that, as the functionality of autonmous transmission for de-prioritized MAC PDU is merged into autonomous retransmission as proposed above, autonomusTx should not be configured together with cg-retransmission timer in Rel-17 as well, so anyway we do not expect the behavior of stopping CG timer upon de-prioritization when cg-retransmission timer is configured.
Proposal 1b: cg-RetransmissionTimer can be stopped when the CG-PUSCH triggering the timer is not completely performed due to de-prioritization. 

2.2	HARQ Process Selection: Prioritization Between New Transmission and Re-Transmission
For NR-U, HARQ process selection is up to UE implemenation with the configuredGrantTimer and cg-RetransmissionTimer maintained to determine which processes are available for new transmission or retransmission on a CG occasion, while for IIoT on licensed band the HARQ process is strictly associated to the CG occasion timing. When selecting an HARQ proccess for a CG occasion, it is specified for NR-U that retransmission is always prioritized over new transmissions. Considering URLLC, it should be possible to prioritize high priority new transmission over low priority retransmissions, where the priority could be determined based on e.g. LCH priority of data multiplexed (or to be multiplexed) in the MAC PDU.
Proposal 2: Whether to prioritize retransmission or new transmission on a CG occasion may be determined based on a LCH priority multiplexed or to be multiplexed in the MAC PDU.
2.3	LCH-dependent HARQ Process Pool
HARQ process sharing was also motivated by potential LBT failure on one of the CGs, which allows the retransmissions to be conducted on another CG. In some cases, all HARQ PIDs in a CG occasion may be occupied (CG timer of all processes are running), therefore the new transmission for high priority data could be blocked and delayed. To ensure there is always some process available for new transmission of high priority data and allow LCHs of different priorities to be configured on the same CG, a number of processes could be reserved only for high priority LCHs, i.e. lower priority LCH can only use a subset of configured processes. Whether a restricted HARQ process can be used for a CG occasion depends on whether the MAC PDU would include data from high priority LCH. One could argue that, different LCHs could be associated to different CG configurations with different HARQ PID sets via LCH mapping restriction, and therefore high priority LCHs can have dedicated pool of HARQ PID. Nevertheless, this is much less efficient as high priority LCHs can be served using limited CG resources only. If we make the HARQ PID that can be selected in a CG occasion based on the priority of LCH to be served, LCHs can be flexibly served on different CG resources or even with only one CG resource while higher priority data can be served with lower latency. 
Proposal 3: Different subsets of HARQ processes may be configured LCHs with different priorities.

2.4	Intra-UE Prioritization considering LBT Failure
In IIoT Rel-16, when two or more PUSCH overlap in time, MAC should select one of the ovelapping grants based on the LCH priority while considering that if the TB can be transmitted by PHY. In unlicensed band operation, the transmission is subjected to LBT, which means the TB delivered by MAC to PHY may not be transmitted eventually and hence resulting in resource wastage. So, if the Rel-16 grant selection mechanism is adopted in unlicensed, MAC could, for example, take the likelihood of successful LBT into account in addition to LCH priority. For instance, when the MAC process two colliding grants that are in the COT and not in the COT respectively, it is more desirable for the MAC to choose the grant within the COT to ensure successful transmission. This may reflect in the performance of IIoT service in unlicense band, as we do not want high priority data to be delayed due to LBT failure. Thus, we think RAN2 should discuss whether likelihood of LBT failure should be taken into account for grant selection decision.
Proposal 4: RAN2 should discuss whether the likelihood of LBT failure should be considered to determine grant priority for intra-UE prioritization.

3	Conclusions
This contribution presents a few possible enhancement for NR-U mechanisms to support URLLC traffics, where higher priority data can be transmitted more rapidly. In particular, we have the following proposals:
Proposal 1a: Autonomous Re-Transmission should be enhanced in Rel-17 to also support de-prioritized MAC PDU.
Proposal 1b: cg-RetransmissionTimer can be terminated earlier than the default expiration time if the CG-PUSCH triggering the timer is not completely performed due to de-prioritization. 
Proposal 2: Whether to prioritize retransmission or new transmission on a CG occasion may be determined based on a LCH priority multiplexed or to be multiplexed in the MAC PDU.
Proposal 3: Different subsets of HARQ processes may be configured for LCHs with different priorities.
Proposal 4: RAN2 should discuss whether the likelihood of LBT failure should be considered to determine grant priority for intra-UE prioritization.
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