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1	Introduction
According to the objectives of the revised WID for Rel-17 IIoT/URLLC work item [1], we should examine how enhancement of configured grants introduced in Rel-16 for both licensed and unlicensed bands can be harmonized:
	WI Objectives (R2-201310):
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 




In RAN1 meeting #102-e the following agreements/conclusions which affect RAN2 were reached [3]:
	Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.

Conclusion:
Further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U. Table 1 in R1-2005376 can be used as a starting point for the corresponding discussion and decision.




This paper aims to analyse whether there is a need to modify CG enhancements relating to IIoT/URLLC introduced by RAN2 during Rel-16, in order to optimize their feasibility and/or performance in unlicensed spectrum, with considerations of NR-U mechanisms. This contribution does not address specific aspects related to UE-initiated COT for FBE, as we consider that some RAN1 progress should be made before discussing potential RAN2 impacts (e.g. RRC parameters).
2	Discussion
In this section, the Rel-16 enhancements for CG relating to IIoT/URLLC and NR-U are summarized first. Then, an analysis is provided to identify the aspects to be harmonized in Rel-17. Note that we mainly focus on RAN2-oriented enhancement in this paper.
2.1	Rel-16 CG Enhancements in IIoT/URLLC
In Rel-16, the following key enhancements relating to Configured Grants have been introduced for IIoT/URLLC operating in licensed band scenarios.
· Multiple active CG per BWP
In IIoT/TSC use cases, it is anticipated that 5GS should be capable to concurrently support multiple traffic flows with different QoS requirements. To enable low-latency transmissions for multiple flows of delay-critical data, Rel-16 can support up to 12 active CG configurations in a BWP. Moreover, the RAN is able to obtain information relating to deterministic and periodic traffics from the core network (i.e. TSCAI), which allows the gNB to allocate the multiple CGs appropriately in accordance to the traffic characteristics.

· LCH Mapping Restrictions of allowedCG-List
As the multiple active CGs could be configured to handle different traffic flows, a new LCH mapping restriction rule is introduced to ensure each CG configuration is only used to serve data from certain flows. In other words, whenever MAC is processing a configured grant resource, LCH selection should consider whether the LCH is configured with an allowedCG-List that includes the index of the CG in processing. 

· Intra-UE Prioritization
To resolve the conflict between two uplink grants whose PUSCH resources are overlapping in time, RAN2 has introduced intra-UE prioritization mechanism based on LCH priority. More specifically, the MAC should select the grant that will carry data from LCHs with the higher priority for further processing (i.e. MAC PDU generation and deliver it to PHY). This includes collisions involving both dynamic grants and configured grants, as well as collisions among multiple configured grants.

· HARQ process split with offset for multiple CG
HARQ process ID for a CG occasion is derived from timing, the set of HARQ processes configured for the CG and an offset. HARQ process sharing among different CGs is not supported.

· Autonomous Transmission
In cases where the generated MAC PDU for a CG cannot be (completely) transmitted due to either intra-UE or inter-UE prioritization, the UE may store the MAC PDU in the HARQ buffer and transmit it autonomously using a subsequent CG resource with the same HARQ process. Note that since multiple CG configurations do not share HARQ processes in licensed band, essentially autonomous transmission is limited to the same CG configuration. Autonomous transmission cannot be continued in cases of Type-2 CG reactivation if the TBS is altered and not matchable.


2.2	Rel-16 CG Enhancements in NR-U
In Rel-16, the following key enhancements relating to Configured Grants have been introduced for NR-U:
· HARQ process selection
Differently from CG in IIoT where HARQ process ID is calculated based on timing, in NR-U it is up to UE implementation which HARQ process ID (among a set of configured HARQ processes), RV and NDI are selected and indicated in CG-UCI along with COT sharing information. Retransmissions are prioritized over new transmission when selecting the processes. 

· HARQ process sharing 
Multiple CGs can be configured with same set or subset of HARQ processes and the UE implemetation selects available process based on the status of configuredGrantTimer and cg-RetransmissionTimer of the processes.

· Explicit ACK support
HARQ feedback for UL CG HARQ processes is provided by CG-DFI through DCI format 0_1. The CG-DFI includes a bitmap with up to 16 bits carrying the HARQ-ACK. The parameter cg-minDFIDelay-r16 defines the minimum duration between the last symbol of the CG PUSCH and the starting symbol of the DFI for the UE to consider that DFI as carrying valid HARQ-ACK for that PUSCH.  If an ACK is received for a given HARQ process in a CG-DFI, a UE should terminate a TB repetition in a PUSCH with that HARQ processes.

· Autonomous retransmission
Autonomous retransmission for NR-U is perfomed when cg-RetransmissionTimer expires, which is equivalent to NACK. The timer is started at the beginning of each CG-PUSCH transmission and is stopped if feedback provided by CG-DFI or UL grant for the process is received from the NW or when configuredGrantTimer expires.

· Time domain consecutive allocations
In NR-U CG, a burst of consecutive slots allocations in a CG transmission period can be configured by RRC with the parameter cg-nrofSlots-r16. In addition, the number of allocations of same duration within a slot can be configured by the parameter cg-nrofPUSCH-InSlot-r16. This differs from the NR IIoT intra-slot repetition design.

· CG-UCI and PUCCH multiplexing
If the parameter cg-UCI-Multiplexing the CG-UCI and the HARQ-ACK bits are jointly encoded whenever PUCCH overlaps with CG PUSCH. If the parameter is not configured, PUCCH carrying HARQ-ACK is transmitted and the CG PUSCH is skipped. 
It could be noted that all the enhancements introduced for NR-U are basically to cope with potential LBT failure. For instance, cg-RetransmissionTimer is used for the UE to conduct autonomous retransmission if it does not receive CG-DFI successfully due to LBT failure.

2.3	Analysis of Harmonization
As described in WID, the operation in controlled environments assumes that interference from other systems using different radio access technology is not expected or only sporadically happens. However, even without coexistence with other systems in a controlled facility, CCA procedures need to be executed by the equipments operating in unlicensed spectrum according to regulation. Therefore, the possibility of LBT failure will then depend on the deployment, for example, LBT failures may occur due to interference from another cell. In our view, as long as there is potential LBT failure, NR-U CG operation should be adopted to support IIoT on unlicensed band. While if a deployment ensures that the possibility for LBT failures is negligible, then what is defined for licensed can be applicable without NR-U specific enhancement. Thus, the network is able to configure the UE whether to apply NR-U features based on its knowledge regarding how likely LBT failure may occur. This is aligned with agreements made in RAN1#102-e, at least for FBE, the configuration of cg-RetransmissionTimer should not be mandated. It should be up to gNB implementation, the decision of not configuring cg-RetransmissionTimer, e.g. for deployments where the effect of potential LBT failures is assumed to be negligible for the performance of the IIoT service.
Observation 1: The configuration of NR-U features for CG is beneficial for IIoT in unlicensed band whenever the possibility for LBT failure in the controlled environment deployment is not negligible. Otherwise, NR-U features may not be configured by the network. 
Considering the cases where NR-U features are configured (i.e. LBT failure is still possible), it is necessary to examine how IIoT and NR-U CGs could operate together. Here we walk through some features summarized above to identify aspects that potentially can be harmonized between IIoT and NR-U:
· Multiple active CG per BWP
Multiple active CG per BWP introduced for IIoT was concluded to be supported for NR-U as well [2].

· LCH Mapping Restrictions of allowedCG-List
It was not explicitly discussed if this is applicable to NR-U. But the field description in RRC for allowedCG-List does not put any restriction on not to be configured for unlicensed band. This restriction applies only when the UL grant is a configured grant. If present, UL MAC SDUs from this logical channel can only be mapped to the indicated configured grant configurations. If the size of the sequence is zero, then UL MAC SDUs from this logical channel cannot be mapped to any configured grant configuration. If the field is not present, UL MAC SDUs from this logical channel can be mapped to any configured grant configurations. “allowedCG-List corresponds to "allowedCG-List" as specified in TS 38.321”. Thus it should be applicable to NR-U, as well.

· Autonomous retransmission for LBT Failure v.s. Autonomous Transmission for Intra-UE prioritization
For 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. Thus the autonomous retransmission mechanism defined for NR-U is in most cases compatible with the autonomous transmission mechanism, and both can be used together to support intra/inter-UE prioritization for IIoT on NR-U. The only scenario where we see a potential ambiquity is on the following situation: 
· A CG-PUSCH transmission begins, which starts the corresponding cg-RetransmissionTimer. Then, MAC delivers another MAC PDU (with higher priority) whose PUSCH overlaps in time with the on-going CG-PUSCH, so the CG-PUSCH has to be cancelled in the middle of its transmission. However, the cg-RetransmissionTimer has already started and keep on running, and the UE may not expect any DFI while the timer is running because the CG-PUSCH was not completely transmitted in the first place. In the end, it is ambiguous for the UE to determine when it should transmit the deprioritized MAC PDU again: whether it should be transmitted on any subsequent resource, or if it should wait until the expiration of the cg-RetransmissionTimer before conducting any autonomous re-transmission?

This situation could be solved simply by enforcing the MAC to stop the cg-RetransmissionTimer, if the PUSCH that starts the timer is cancelled in the middle of its transmission due to intra-UE prioritization. This also allows autonomous transmission to occur more rapidly to reduce latency, as it does not have to wait unnecessarily until expiration of cg-RetransmissionTimer before transmission.
Proposal 1: If both autonomous transmission and autonomous retransmission are configured, and a CG-PUSCH transmission is cancelled/deprioritized after the corresponding cg-RetransmissionTimer has started, the timer should be stopped upon PUSCH cancellation/deprioritization.

· HARQ process selection 
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.
· HARQ process sharing among multiple CG 
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. 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.
Proposal 3: Different subsets of HARQ processes for a CG occasion may be configured for MAC PDUs with different LCH priorities.

· Intra-UE Prioritization
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 discussed harmonization between CG enhancements introduced for NR-U and IIoT in Rel-16. We have made the following observations and proposals:
Observation 1: The configuration of NR-U features for CG is beneficial for IIoT in unlicensed band whenever the possibility for LBT failure in the controlled environment deployment is not negligible. Otherwise, NR-U features may not be configured by the network. 
Proposal 1: If both autonomous transmission and autonomous retransmission are configured, and a CG-PUSCH transmission is cancelled/deprioritized after the corresponding cg-RetransmissionTimer has started, the timer should be stopped upon PUSCH cancellation/deprioritization.
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 for a CG occasion may be configured for MAC PDUs with different LCH 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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