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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 address remaining issues for Rel-17.
2. Discussion
The following agreements have been reached at R2#115e:
Agreements

1. When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism is used for HARQ process ID and RV selection

2. When cg-RetransmissionTimer and lch-basedPrioritization are configured, for overlapping CGs that do not share HARQ processes, the MAC entity prioritizes the initial transmission of higher priority data over autonomous retransmission of lower priority data. No specification change is foreseen
3. The same HARQ PID selection rule applies to all CGs when HARQ processes are shared between multiple CG configurations with non-overlapping CG occasions and with the same TBS. No specification change is foreseen

4. It is up to NW implementation to appropriately configure CGs that share HARQ processes with autonomousTx. No specification change is foreseen

5. When lch-basedPrioritization and cg-RetransmissionTimer are both configured, the gNB can configure the UE per MAC entity whether it follows Rel-16 baseline or whether it prioritizes high priority data when selecting HARQ PID for a CG (i.e. option 2 is configurable).  

6. The same HARQ PID selection rule applies to all CGs when HARQ processes are shared between multiple CG configurations with overlapping CG occasions with the same TBS. No specification change is foreseen

According to the agreements UE might be configured to prioritize high priority data when performing HARQ process selection, i.e. UE might prioritize an initial new transmission over an autonomous retransmission. The scenario is depicted in figure 1. If the overlapping uplink transmission (HPID=Y) has a higher priority than the autonomous retransmission (HPID=X), UE will continue with the higher priority uplink transmission and deprioritize the autonomous retransmission. Slot n+4 provides in this example the earliest transmission opportunity, i.e. configured uplink grant, where the autonomous retransmission can take place. 
The detailed UE behaviour for the deprioritized autonomous retransmission needs to be agreed. In our understanding UE would postpone an autonomous retransmission to a later subsequent uplink configured grant satisfying the criteria for an autonomous retransmission for cases when UE prioritizes another HARQ process when performing HARQ process selection. Basically, UE considers only a configured grant as available for an autonomous retransmission if there is no overlapping uplink data/transmission, which has a higher priority.

Figure 1
Same behaviour would be also applied for the exemplary case which is shown in figure 2. Here a configured grant selected by the UE for an autonomous retransmission collides/overlaps with another CG which may carry higher priority data. According to TS38.321 section Clause 5.4.1, the HARQ Process selection and LCH-based prioritization procedures are performed sequentially, where the HARQ process selection is performed first, and then the LCH-based prioritization is subsequently performed. Therefore, if the configured grant selected for the autonomous retransmission overlaps with another CG, it can be deprioritized by the LCH-based prioritization procedure.
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Figure 2
In case the autonomous retransmission is deprioritized by other higher priority data (initial transmission), UE shall postpone the autonomous retransmission to a subsequent uplink configured grant satisfying the criteria for an autonomous retransmission. Basically, UE considers only a configured grant as available for an autonomous retransmission if there is no overlapping uplink data/transmission, which has a higher priority.
Proposal 1: For cases that an autonomous retransmission is deprioritized by some higher priority data, UE shall postpone the autonomous retransmission to a subsequent uplink configured grant satisfying the criteria for an autonomous retransmission. UE considers only a configured grant as available for an autonomous retransmission if there is no overlapping uplink data/transmission, which has a higher priority.

HARQ process status

Taking the example shown in figure 2, if the HARQ state of a HARQ process is pending due to previous LBT failure and the associated CG selected for the autonomous retransmission is de-prioritized, the HARQ process should remain pending. 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 the 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.
Proposal 2: Confirm that the 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, an 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). 
Handling of empty MAC PDU
In the RAN2 email discussion [Post114-e][510][URLLC/IIoT] Open issues for UCE, the issue of autonomous retransmissions for an empty MAC PDU was addressed. The term “empty MAC PDU” refers to the scenario, where a MAC PDU is solely generated for the purposes of UCI multiplexing in PHY, i.e. CG PUSCH resource overlaps with PUCCH. The MAC PDU doesn’t contain any higher layer data such as MAC SDUs or MAC CEs. 
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Figure 3: Current HARQ PID selection behaviour when an empty PDU is generated

In [3], the scenario where an empty PDU is sent is raised as illustrated in Figure 1. The MAC entity may generate an empty PDU in case UCI needs to be transmitted by L1. From current specifications it is apparent that the MAC would still deliver to PHY a MAC PDU with empty UL-SCH ("padding PDU") when it has no data for uplink transmission, when the CG PUSCH resource overlaps with PUCCH. This MAC PDU is solely generated for the purposes of UCI multiplexing in PHY. It is argued that it is not sensible to prioritize the HARQ process corresponding to this empty TB for retransmission over another HARQ process that could carry new data, in case autonomous retransmission is configured (regardless of whether LCH-basedPrioritisation is configured or not). 

When such an empty TB is generated by MAC, it is also stored in one of the HARQ processes. And if the UE cannot receive DFI until expiration of CGRT corresponding to the HARQ process or in case of an LBT failure, the UE would consider this TB as a “retransmission” when selecting HARQ process for a subsequent CG resource. However autonomous retransmissions or retransmission scheduled by gNB (DCI based retransmissions) may not be useful especially when the UCI contents multiplexed in this UCI-only TB may be no longer useful/valuable for the gNB, since the corresponding information such as HARQ-ACK or CSI may be already outdated or superseded. Furthermore the (autonomous) retransmission of an empty MAC PDU may cause unnecessary delay for new data in the buffer. This is in particular unacceptable if the new data is some URLLC data or if there are some critical MAC CEs that need to be sent immediately. 

In [3] it is suggested that the HARQ process selection behaviour is different for the case of an empty MAC PDU, i.e. HARQ process corresponding to an empty MAC PDU is deprioritized. We think that it would be simpler and more inline with the latest RAN2 agreements to actually prohibit (autonomous) retransmissions of an empty MAC PDU. Since the data in the TB is anyway no longer useful/valuable for the NW, i.e. information would be outdated at the point of time when the retransmission may take place, it would be more sensible that UE doesn’t perform (autonomous) retransmission of an empty TB.  
Proposal 3: UE shall not perform an (autonomous) retransmission of an empty MAC PDU which was solely generated for the purpose of UCI multiplexing. 


One straightforward solution for implementing such behaviour would be that UE flushes the HARQ buffer after the initial transmission (attempt) of an empty MAC PDU, i.e. MAC PDU is comprised of zero MAC SDU(s) and only padding/padding BSR is contained in the MAC PDU. Such behaviour would be similar to the case that UE skips an UL transmission due to no data availability. For cases when the UE did not have data available at initial transmission while there was also no overlapping UCI, the initial transmission gets skipped as part of the normal UL skipping procedure and MAC does not create a MAC PDU for the UL grant. Per the current procedure, MAC flushes the HARQ buffer in this case.  A HARQ process is considered as not pending if the associated HARQ buffer is flushed. It may be also considered to not start the CGT and CGRT upon the transmission of an empty MAC PDU. 
Proposal 4: UE flushes the HARQ buffer after the initial transmission (attempt) of an empty MAC PDU. 
Enabling gNB-scheduled dynamic retransmission grants

If LBT failure occurs for a CG PUSCH transmission as well as for cases if LBT succeeds but the PUSCH transmission fails and the gNB cannot decode the corresponding associated CG-UCI, it is basically not possible for a gNB to schedule a dynamic retransmission of the CG-PUSCH transmission, since gNB doesn’t know the HARQ process ID selected by the UE for the CG-PUSCH transmission. Consequently, network needs to rely on the UE autonomous retransmission mechanism i.e., UE autonomously retransmits the TB on a next available Configured Grant occasion satisfying the criteria for the autonomous retransmission. For URLLC traffic with a larger periodicity this will result in delayed retransmissions, i.e., the autonomous retransmission must wait for the next available configured grant resource to take place.

In case RAN2 considers this as a problem which needs to be further addressed, we think that one simple solution to support dynamic retransmissions also for cases when CG-UCI has not been correct decoded by gNB, is that the gNB indicates within the DCI the index of the configured grant configuration for which a HARQ retransmission is scheduled instead of signalling the HARQ process number which is not known by gNB. UE internally determines the HARQ process used for the last transmission occasion of the indicated CG configuration and triggers a HARQ retransmission for the determined HARQ process. Figure 4 shows some exemplary scenario. Here LBT failed for the initial transmission on a CG resource of the CG configuration with index 1. The UL DCI addressed to the CS-RNTI scheduling a dynamic (re-)transmission for the LBT-failed CG PUSCH transmission contains a field indicating the configured grant configuration index set to 1. Based on the received configured grant configuration index field UE knows for which CG PUSCH transmission to perform a HARQ (re-)transmission. Basically, UE maps the configured grant configuration index signalled within the UL DCI to the HARQ process ID used for the last configured grant occasion of the indicated CG configuration.    
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Figure 4: supporting dynamic retransmissions without CG-UCI information
The HARQ process number/ID field in the DCI could be for example reused to signal the configured grant configuration index, e.g. ConfiguredGrantConfigIndex. In order to unambiguously indicate that the bits of the HARQ process number field should be understood as a CG configuration index, the DCI may need some indicator/field which indicates how to interpret the HARQ process number field, i.e. either as a HARQ process number or as CG configuration index. 
Proposal 5: In order to support dynamic retransmission of a CG PUSCH for cases when CG-UCI was not received by gNB, UL DCI indicates the configured grant configuration index for which a HARQ retransmission is scheduled instead of signalling the HARQ process number.
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: For cases that an autonomous retransmission is deprioritized by some higher priority data, UE shall postpone the autonomous retransmission to a subsequent uplink configured grant satisfying the criteria for an autonomous retransmission. UE considers only a configured grant as available for an autonomous retransmission if there is no overlapping uplink data/transmission, which has a higher priority..
Proposal 2: RAN2 to confirm that the 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, an 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). 

Proposal 3: UE shall not perform an (autonomous) retransmission of an empty MAC PDU which was solely generated for the purpose of UCI multiplexing.
Proposal 4: UE flushes the HARQ buffer after the initial transmission (attempt) of an empty MAC PDU.
Proposal 5: In order to support dynamic retransmission of a CG PUSCH for cases when CG-UCI was not received by gNB, UL DCI indicates the configured grant configuration index for which a HARQ retransmission is scheduled instead of signalling the HARQ process number.
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