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1. Introduction

It has been agreed in RAN#88-e meeting [1] that Uplink enhancements for URLLC in unlicensed controlled environments is one of the objectives for NR_IIOT_URLLC_enh.

Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
· Specify support for UE-initiated COT for FBE with minimum specification effort
· Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
The intention is to check if Release 16 features need any additions to enable operation on FR1, especially in controlled environments, which assumes an environment which contains only devices operating on the unlicensed band installed by the facility owner and where unexpected interference from other systems and/or radio access technology only sporadically happens. In this contribution, we would like to provide further details on topics which are currently under discussion in RAN2 for Rel-17.
2. Discussion
In the RAN2#113e meeting following agreements have been reached:

Agreements:

1. LCH based prioritization and cg-RetransmissionTimer can be configured together in Rel-17 (consensus)
2. 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
5. LBT failure is not considered when determining a grant priority for intra-UE prioritization)

6. Configuring a subset of HARQ processes as “restricted processes” for transmission of data from higher priority LCHs is not supported

7. Enhancements for handling conflicting DG-CG transmissions of the same HARQ process are not supported 
There is an FFS on whether the MAC entity shall prioritize between initial transmissions and retransmissions on a CG based on the priority of the data when cg-RetransmissionTimer and LCH-based prioritization are configured concurrently. Even though the majority of companies expressed support for applying the I-IOT based prioritization mechanism during the related email discussion, some view companies think that there is no issue. 
In our opinion there is a need to clearly specify the UE behaviour for cases where an autonomous retransmission (opportunity) collides with another UL transmission. In Rel-16 NR-IIoT, retransmissions can be triggered only by UL DCI/grant. It has been specified for NR-U that the UE shall prioritize retransmissions over initial transmissions. 
	TS 38.321 Section 5.4.1

For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions.


If the principle is directly applied to URLLC enhancement for unlicensed controlled environments, it could happen that a high priority initial transmission is delayed by a low priority retransmission which cannot be accepted from the performance perspective of high priority traffic. Therefore, it is necessary to discuss how to determine the priority between initial transmission(s) and retransmission(s) when the autonomous retransmission functionality, i.e. CGRT, is applicable to URLLC enhancements in unlicensed controlled environments. We think that an autonomous retransmission should be handled as any other CG transmission and hence UE shall perform the UL grant prioritization functionality also for autonomous retransmissions, i.e. retransmission triggered by LBT failure. To be more specific, for cases when a retransmission opportunity, e.g. configured uplink grant, for an autonomous retransmission collides with some other UL grant or UL transmission, UE should compare the priority of the two colliding UL transmissions and chooses the higher priority uplink transmission for further processing/transmission. The priority of the UL transmission/grant is determined based on the rules specified in Rel-16 for IIOT. It should be noted that the UE behaviour for such scenario is currently not clearly defined due to conflicting behaviors specified for NR-U and I-IOT:
	TS38.321 Section 5.4.1

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.


If the overlapping uplink transmission has a higher priority than the autonomous retransmission, UE will continue with the higher priority uplink transmission and postpone the autonomous retransmission to a later UL CG grant. Basically UE considers only a configured grant as available for an autonomous retransmission if there is no overlapping uplink transmission, e.g. on PUSCH, which has a higher priority.

The figure 1 below shows one exemplary scenario. UE/MAC has a configured uplink grant in slot n. Due to an LBT failure - as notified by lower layer – the corresponding transmission cannot take place in slot n. Accordingly the associated HARQ process is switched to respectively considered as pending, i.e. autonomous retransmission is triggered. Slot n+4 provides in this example the earliest transmission opportunity, i.e. configured uplink grant, where the autonomous retransmission can take place. Following the legacy Rel-16 specified UE behavior for NR-U, UE would perform the autonomous retransmission in slot n+4 regardless of the existence of any overlapping uplink transmission which may carry higher priority data. However, we propose, that UE compares the priority of the overlapping configured grant, i.e. CG2, in slot n+4 with the priority of the autonomous retransmission, i.e. TB pending in the HARQ buffer. Since CG 2 has a higher priority in this example than the autonomous retransmission, i.e. TB pending for autonomous retransmission on CG 1, UE will transmit the prioritized grant, i.e. CG2, and postpone the autonomous retransmission to a later subsequent uplink configured grant satisfying the criteria for an autonomous retransmission.  
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Figure 1
There is also the use case where there is higher priority data available for transmission (initial transmission) on a CG occasion selected by the UE implementation for the autonomous ReTx, e.g. CG resource belonging to another CG configuration. Similar to the other use case mentioned before, the UE behaviour needs to be clearly defined for such as well, i.e. whether to follow NR-U rules and prioritize the autonomous retransmission are whether to follow I-IOT behaviour and prioritize the initial transmission. Again, here in our opinion UE shall perform the intra-UE prioritization behaviour also for autonomous retransmissions.
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Figure 2
Another use case which needs be considered is shown in the figure below. Here two configured grants are colliding, ie. PUSCH resources are overlapping. The UE has some pending HARQ retransmission, i.e. autonomous retransmission due to LBT failure, and there is also some new data available for transmission in the buffer. The retransmission data as well as the new data (in the UE’s buffer) can be transmitted on both CG configurations according to the RRC configuration. According to the Rel-16 NR-U specified behaviour, UE would prioritize the retransmission over the initial transmission. Furthermore, UE can select on which CG to transmit the autonomous retransmission. (maybe depending on LBT result). Similar to the above two cases in our opinion UE shall perform the intra-UE prioritization behaviour also for autonomous retransmissions, i.e. UE prioritizes the initial transmission over the autonomous retransmission based on the prioritization rules defined for I-IOT. The prioritized data can be mapped to one of the two CGs.
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Figure 3
Proposal 1: UE shall perform the UL grant prioritization functionality defined for Rel-16 I-IOT also for autonomous retransmissions, e.g. retransmission triggered by LBT failure, when cg-RetransmissonTimer and lch-basedPrioritization are configured concurrently. 
In the email discussion [AT113-e][505][IIoT] Summary of URLLC in unlicensed the UE behaviour w.r.t. to the autonomous (re)transmission functionality and the impact on HARQ process status was discussed. However no conclusion could be reached for this issue. According to the responses from companies there seems to be different views on the details UE behaviour for some scenarios. 

There is a scenario where an UL grant is deprioritized and the corresponding HARQ process is pending. This will lead to a situation where two autonomous (re)transmission functionalities may be applied simultaneously by the UE, i.e. autonomous retransmission according to the Rel-16 NR-U specification and autonomous transmission according to the Rel-16 I-IOT functionality. This cross-over of ‘de/prioritized’ and ‘not/pending’ status needs to be further discussed. We think that from specification point of view it should be clearly specified which autonomous (re)transmission functionality kicks in for the different scenarios. If the HARQ state is pending due to previous LBT failure and a CG is de-prioritized, HARQ process should remain pending in our understanding. Basically, the HARQ process status should not be adapted based on the result of the grant prioritization functionality, i.e. LCH prioritization. UE should in this case trigger an autonomous retransmission at the next available CG occasion. Essentially the autonomous retransmission is only postponed to a later CGO, i.e. autonomous retransmission is still performed since HARQ process is pending but on a later CGO.
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Figure 4
Proposal 2: HARQ process status (pending/not pending) shall not be affected by the grant prioritization functionality. For cases when both cg-RetransmissonTimer and autonomousTx are configured concurrently, NR-U autonomous retransmission should be performed by UE/MAC, if a CG is de-prioritized while the HARQ status of the associated HARQ process is pending (due to earlier LBT failure) 
Conclusion
In this contribution, the potential cases that could be included in the enhancements for URLLC in unlicensed controlled environments are illustrated and the following proposals are given:
Proposal 1: UE shall perform the UL grant prioritization functionality defined for Rel-16 I-IOT also for autonomous retransmissions, e.g. retransmission triggered by LBT failure, when cg-RetransmissonTimer and lch-basedPrioritization are configured concurrently.
Proposal 2: HARQ process status (pending/not pending) shall not be affected by the grant prioritization functionality. For cases when both cg-RetransmissonTimer and autonomousTx are configured concurrently, NR-U autonomous retransmission should be performed by UE/MAC, if a CG is de-prioritized while the HARQ status of the associated HARQ process is pending (due to earlier LBT failure).  
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