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Introduction
According to Rel-17 NR IIoT WID RP-201310 [1], RAN2 will harmonize “UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16” for “URLLC in unlicensed controlled environments”.
In RAN2#113e meeting, following was agreed:
Agreements:
1.	LCH based prioritization and cg-RetransmissionTimer can be configured together in Rel-17 (consensus)
2.	Option 1: AutoTx and CGRT are responsible for deprioritized MAC PDU and LBT-failed MAC PDU, respectively. 
      If CGRT is not configured, LBT-failed MAC PDU is not retransmitted. If AutoTx is not configured, deprioritized MAC PDU is not retransmitted.
3.	the MAC entity stops cg-RetransmissionTimer when the CG resource associated with the timer is deprioritized due to LCH-based prioritization.
4.	FFS With cg-RetransmissionTimer and LCH-based prioritization configured, the MAC entity can prioritize between initial transmissions and retransmissions on a CG based on priority of multiplexed LCH(s) -or to be multiplexed
…

After RAN2#113bis-e meeting, email discussion “[POST113bis-e][505][R17 IIoT] URLLC in UCE” was initiated to discuss remaining open issues related to URLLC in UCE, with summary in [3]. In this contribution, we discuss how to handle the overlapping features for configured grant defined in Rel-16 IIoT and NR-U. All issues discussed in this contribution are related to the open issues not concluded in the email discussion.
Discussion
Prioritization between CG initial and retransmissions
In Rel-16 NR-U, HARQ process ID is selected by UE implementation, and UE prioritizes retransmissions over new transmissions, according to TS 38.321, as below:
	[bookmark: _Hlk23499210][bookmark: _Hlk23787129]For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions.



In Rel-16 IIoT, LCH based prioritization handles the overlapping between PUSCH and PUSCH, as well as between PUSCH and SR, by comparison of the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU (in case of PUSCH), and the priority of the LCH that triggered the SR (in case of SR). Determination of the priority of an uplink grant is specified in TS 38.321, as below:
	For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2.



In Rel-16 IIoT, the same UE behavior applies for resource conflicts between new transmissions or between a new transmission and a retransmission. When autonomousTx is configured, UE autonomously transmits the de-prioritized PDU as a new transmission in a CG resource from the same CG configuration with the same HARQ process in the same BWP. It is up to the UE implementation to determine the processing time restriction regarding the next CG resource for autonomous transmission. Although it is called autonomous transmission, it can be seen as a retransmission, similar to NR-U. Therefore, for one particular CG configuration, whether to perform a retransmission for the previously deprioritized MAC PDU or a new transmission depends on the conditions (i.e., same CG configuration, same HARQ process) and the processing time (which is up to UE implementation), but not on the comparison of LCH priorities. In summary, in Rel-16 IIoT, LCH based prioritization is not applied on the selection of initial transmission and retransmission on one particular CG resource.
[bookmark: Obs_LCH_Prio]Observation 1: In Rel-16 IIoT, LCH based prioritization is not applied on the selection of initial transmission and retransmission on one particular CG resource.
In summary of email discussion “[POST113bis-e][505][R17 IIoT] URLLC in UCE” [3] (Question 1), although all companies agree that for overlapping CGs, the MAC entity should prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data, there was no conclusion regarding whether existing specification already captures this behavior. The main unclear point, as pointed out in the email discussion, is that specification text “The UE shall prioritize retransmissions before initial transmissions” might be also applicable to the case of overlapping CGs since HARQ process carrying retransmissions can be mapped to several CG configurations in NR-U. Our understanding is that prioritization rule for overlapping CGs should be based on Rel-16 IIoT approach, and NR-U spec text for prioritization of retransmission over initial transmission is only applicable for HARQ process ID selection within the same CG configuration. 
[bookmark: Obs_Prioritization_App]Observation 2: The prioritization of retransmissions before initial transmissions is NOT applicable to the case of overlapping CGs.
For Rel-17, there was discussion on whether a clarification is needed regarding NR-U spec text for prioritization of retransmission over initial transmission. The relevant specification text “The UE shall prioritize retransmissions before initial transmissions” is also related to the discussion on whether to support prioritization of initial transmission of high priority over retransmission of low priority in the same CG configuration, as will be discussed below. Therefore whether such clarification is needed can be only handled after the discussion on whether to support LCH based prioritization in the same CG configuration.
[bookmark: Obs_Prio_Clarification]Observation 3: For Rel-17 URLLC in shared spectrum, whether a clarification is needed regarding NR-U spec text for prioritization of retransmission over initial transmission can be handled after RAN2 decides on whether to support prioritization of initial transmission of high priority over retransmission of low priority in the same CG configuration.
In Rel-17 UCE, there is one FFS: “FFS With cg-RetransmissionTimer and LCH-based prioritization configured, the MAC entity can prioritize between initial transmissions and retransmissions on a CG based on priority of multiplexed LCH(s) -or to be multiplexed”. The issue was discussed in email discussion “[POST113bis-e][505][R17 IIoT] URLLC in UCE” [3] (Question 2) without conclusion.
The main motivation to consider LCH based prioritization for initial transmission and retransmissions in Rel-17 UCE is to minimize latency, similar to the introduction of LCH based prioritization in Rel-16 IIoT. It is reasonable to allow initial transmission of high LCH priority to be performed on available CG occasions. The main reason to not support LCH based prioritization, as pointed out in the email discussion, is that gNB can configure LCH to CG mapping restriction so that LCHs of different priority can be mapped to different CG configurations. However such restriction limits network scheduling flexibility. In Rel-16 intra-UE prioritization discussion, there was overlapping CG CG case. Which CG is prioritized is based on comparison of the LCH priority of the competing CGs. If gNB always configures LCH to CG mapping so that LCHs of different priorities are mapped to different CG configurations, then it is always predictable which CG can win the prioritization and therefore no need to configure overlapping CG-CG case at all.. Considering the latency benefit as well as network flexibility, we think it is reasonable to support such prioritization in Rel-17.
[bookmark: Proposal_Prio_InitReTx]Proposal 1: For Rel-17 URLLC in shared spectrum, when both cg-RetransmissionTimer and LCH-based prioritization are configured, the MAC entity can prioritize between initial transmissions and retransmissions on a CG based on priority of multiplexed LCH(s) or LCH(s) to be multiplexed.
Following was agreed in RAN2#113-e meeting, “AutoTx and CGRT are responsible for deprioritized MAC PDU and LBT-failed MAC PDU, respectively. If CGRT is not configured, LBT-failed MAC PDU is not retransmitted. If AutoTx is not configured, deprioritized MAC PDU is not retransmitted.” The question now is when both cg-RetransmisisonTimer and autonomousTx are configured (note that autonomousTx can only be configured if lch-BasedPrioritization is configured in the MAC entity), whether prioritization between initial transmission and autonomous transmissions (deprioritized MAC PDU) should be considered. Autonomous transmission is performed in the same HARQ process. Therefore, if initial transmission is prioritized over the autonomous transmission, the HARQ buffer for the autonomous transmission is replaced with a new MAC PDU. This has performance impacts as the MAC PDU of autonomous transmission is lost. Therefore, it is proposed that LCH priority comparison is not performed between autonomous transmission of deprioritized MAC PDU and initial transmission.

[bookmark: Proposal_Prio_AutoTx]Proposal 2: For Rel-17 URLLC in shared spectrum, when both cg-RetransmissionTimer and autonomouosTx are configured, for the same CG configuration, LCH priority comparison is not performed between autonomous transmission of deprioritized MAC PDU and initial transmission. There is no specification change from this proposal.
HARQ process ID deriviation
In Rel-16 IIoT, HARQ process ID for initial transmission is linked to the time domain resources, and controlled by RRC parameter harq-ProcID-Offset2, as from TS 38.321 clause 5.4.1 below. The motivation to introduce harq-ProcID-Offset2 is to avoid HARQ process ID collisions between different CG configurations.

	For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
   HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2



In Rel-16 NR-U, HARQ process ID selection is up to UE implementation based on RRC parameter harq-ProcID-Offset, as from TS 38.321 clause 5.4.1:

	For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. 



The selected HARQ process ID is signalled explicitly in physical layer CG-UCI, as in TS 38.212 clause 6.3.2.1.3. 

In RAN2#112-e meeting, following was agreed regarding HARQ process ID derivation:
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.

RAN2 agreement assumes that HARQ process ID derivation is based on whether cg-RetransmissionTimer is configured or not. As discussed above, HARQ process ID selection depends on whether CG-UCI is enabled or not, and which RRC parameters controls CG-UCIas has not been concluded in RAN1 yet. The issue was discussed in RAN1#103-e, 104-e, and 104bis-e meetings, without conclusion. RAN1 will down select between the following two options in RAN1#105 meeting:

	· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.




In options considered by RAN1, Option 1 assumes that CG-UCI is enabled or disabled based on RRC parameter cg-RetransmissionTimer (which is aligned with RAN2 agreement), and Option 2-a assumes that CG-UCI is enabled or disabled based on new RRC parameter X. This issue was also discussed in RAN2#113-e email discussion “[AT113-e][505][IIoT] Summary of URLLC in unlicensed” [2]. Given that no progress was made in RAN1, it is proposed that RAN2 needs to wait for RAN1 conclusion on which RRC parameter controls HARQ process ID derivation.

[bookmark: Proposal_HARQ_process]Proposal 3: For Rel-17 URLLC in shared spectrum, RAN2 waits for RAN1 conclusion on which RRC parameter controls HARQ process ID derivation.

No matter which RRC parameter controls the presence of CG-UCI, if CG-UCI is not present, HARQ process ID should be determined based on a formula. In Rel-16 IIoT, the HARQ-ID determination is based under the assumption that a single TB is allowed per period. Rel-16 NR-U supports multi-TB transmission within a CG period to have a better utilization of the maximum channel occupancy time (MCOT), and minimize possible LBT overhead. An example of multi-TB transmission is shown in Figure 1 below, with maximum of two TBs transmitted in CG period. It is expected that multi-TB transmission is also supported in Rel-17 URLLC in shared spectrum. With Rel-16 IIoT HARQ process ID formula, HARQ process ID can be the same for adjacent TBs in time domain. Therefore some modification to Rel-16 IIoT HARQ process ID formula is needed to accommodate multi-TB transmission case.

[bookmark: Fig_Multi_TB]Figure 1: Illustration of multi-TB transmission per period

[bookmark: Proposal_HARQ_process_2]Proposal 4: For Rel-17 URLLC in shared spectrum, if CG-UCI is not present, HARQ process ID derivation is based on a formula. 
Proposal 5: RAN2 to discuss the modification to HARQ process ID formula to support multi-TB transmission in a CG period.
Conclusion
In this contribution, we discuss how to handle the overlapping features for configured grant defined in Rel-16 IIoT and NR-U. All issues discussed in this contribution are related to the open issues not concluded in the email discussion “[POST113bis-e][505][R17 IIoT] URLLC in UCE”. We have the following observations:
Observation 1: In Rel-16 IIoT, LCH based prioritization is not applied on the selection of initial transmission and retransmission on one particular CG resource.
Observation 2: The prioritization of retransmissions before initial transmissions is NOT applicable to the case of overlapping CGs.
Observation 3: For Rel-17 URLLC in shared spectrum, whether a clarification is needed regarding NR-U spec text for prioritization of retransmission over initial transmission can be handled after RAN2 decides on whether to support prioritization of initial transmission of high priority over retransmission of low priority in the same CG configuration.
We propose the following:
Proposal 1: For Rel-17 URLLC in shared spectrum, when both cg-RetransmissionTimer and LCH-based prioritization are configured, the MAC entity can prioritize between initial transmissions and retransmissions on a CG based on priority of multiplexed LCH(s) or LCH(s) to be multiplexed.
Proposal 2: For Rel-17 URLLC in shared spectrum, when both cg-RetransmissionTimer and autonomouosTx are configured, for the same CG configuration, LCH priority comparison is not performed between autonomous transmission of deprioritized MAC PDU and initial transmission. There is no specification change from this proposal.
Proposal 3: For Rel-17 URLLC in shared spectrum, RAN2 waits for RAN1 conclusion on which RRC parameter controls HARQ process ID derivation.
Proposal 4: For Rel-17 URLLC in shared spectrum, if CG-UCI is not present, HARQ process ID derivation is based on a formula. 
Proposal 5: RAN2 to discuss the modification to HARQ process ID formula to support multi-TB transmission in a CG period. 
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