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During RANP #88e, the enhanced IIoT and URLLC WID [1] was revised to explicitly state the uplink enhancements for URLLC in unlicensed controlled environments. The following is in scope for this topic:
1. 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
In this contribution we discuss enhancements required to enable efficient support of URLLC in unlicensed spectrum.
Discussion
In Rel-16, NR-U was specified for FR1. 3GPP strives to make sure that any tools developed for a feature are applicable for other features. Therefore, there is nothing in Rel-16 that prohibits use of URLLC in unlicensed spectrum. Nevertheless, enhancements have been identified to enable more efficient use of URLLC on unlicensed spectrum. By definition, unlicensed spectrum has reduced reliability given that multiple nodes (both intra- and inter-RAT) can compete for the channel. This is counter to the requirements of URLLC.
To alleviate such concerns, it was proposed that for Rel-17 URLLC we would consider operation in controlled environments. A controlled environment is defined as one where unexpected interference from other systems and/or RATs only sporadically happens. Note however, that this does not mean that LBT is not required prior to transmission. Furthermore, the LBT failure rate may be reduced compared to that of an uncontrolled environment, however for URLLC, the reduced failure rate could be considered to be similarly detrimental as the LBT failure rate in uncontrolled environments is to eMBB. Therefore, means are required to limit the number of required LBTs and to handle LBT failures for URLLC in controlled environments.

UE-initiated COT for FBE
Since FBE fixes the times when an unlicensed COT can be initiated, FBE channel access can provide good performance in terms of latency/reliability due to the possibility of synchronizing the channel access occasions between different nodes.
In Rel-16, FBE operation was specified for the case of gNB-initiated COT. UE-initiated COT in an FFP was left as FFS. For UL transmissions in an FFP, it was agreed that a UE transmission within an FFP can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH…) within the FFP are detected.
If a UE has an UL transmission to make on a configured resource (e.g. CG, PRACH, PUCCH), in Rel-16 two things need to happen before the UE performs the transmission: (1) the gNB has to initiate a COT for the FFP and (2) the UE must receive a DL transmission from the gNB in the FFP. Adding to the latency of the UL transmission is also the fact that the COT or FFP may be configured to have multiple DL slots before an UL slot is available for the UE to transmit. It is unclear if a gNB can initiate a COT in an FFP if it has no DL transmissions to perform. Yet, to ensure that all UEs can transmit on their configured resources, a gNB would have to initiate a COT in all FFPs with configured resources, regardless of if the gNB has DL transmissions to perform. The over-all latency of this method is especially detrimental to URLLC operation. It is therefore beneficial, especially for URLLC, to enable UE’s to initiate COTs in FBE.

Observation 1: Requiring gNBs to initiate a COT in an FFP increases latency for the UE to transmit.
Proposal 1: UEs can initiate COTs in FBE to use configured UL resources (CG, PRACH, PUCCH).

In FBE, there are specific idle periods when a channel can be acquired to initiate a COT. To enable efficient and flexible resource usage, the network should not configure all configured UL transmission resources at the beginning of an FFP (i.e. immediately after the idle period). To do so would either lead to reduced CG/PRACH/PUCCH capacity or would require very short FFP durations which in turn leads to an increase in unusable idle period resources. Therefore, in FBE there are scenarios where a UE should be able to initiate a COT in an FFP for a transmission occurring later in the FFP.

Observation 2: For Industrial IoT scenarios with a large number of UEs, requiring all configured resources to occur immediately after the idle period of an FFP reduces over-all configured resource capacity or requires short FFPs with increase in resource loss due to more frequent idle periods.
Proposal 2: A UE can initiate a COT in an FFP for a transmission occurring later in the FFP.

For the case where a UE initiates a COT in an FFP without having a transmission in the first slot of the FFP, it can then be unclear to the gNB or other UEs whether a COT is active in the FFP. Such knowledge is beneficial to other nodes that may share the COT. For example, at the beginning of an FFP, a gNB may have no upcoming DL transmissions and may not try to initiate a COT for that FFP. However, it may obtain high priority data to transmit in the DL in the middle of the FFP. If a COT is active for that FFP, the gNB could immediately use DL resources to transmit within that FFP, rather than wait for the next idle period to attempt to initiate a new COT.
There should therefore be means to enable a UE to indicate when it has initiated a COT for an FFP. The indication can be implicit, for example if the UE has resources to transmit in the UL at the beginning of the FFP. Otherwise the indication could be an explicit signal transmitted by the UE, e.g. on a PUCCH resource configured at the beginning of the FFP and possibly dedicated to the transmission of the indication.

Proposal 3: A UE can send an indication that it has initiated a COT in an FFP.

Harmonization of NR-U and URLLC CG enhancements.
In Rel-16, enhancements for CG operation were specified in both the NR-U and URLLC WIs. Both enhancements were made to enable a UE to be configured with multiple CGs on a given BWP, and a subset of which can be active simultaneously.
Due to fundamental differences in the requirements of Rel-16 NR-U and URLLC, the CG enhancements specified are not designed for inter-operability. Our companion contribution [2] discusses the differences in what was specified in Rel-16. Two of the issues that need to be considered are (1) selection of HARQ Process ID and (2) autonomous retransmissions on a CG.

Selection of HARQ Process ID
In Rel-16, HARQ process ID selection for a CG was specified as follows:
· In URLLC, the HARQ Process ID is determined from a function that has as input the timing of the CG resource. This ensures that the network can always know what HARQ process ID a UE may use for a CG and can thus avoid it if it needs to dynamically schedule the UE.
· In NR-U, the HARQ Process ID is determined by the UE from a pool of HARQ process ID reserved for CG transmission. This decouples the HPID from the CG time, which is beneficial given that a UE may not be able to acquire a channel prior to a CG occasion.

Reusing the URLLC method in controlled environments would greatly add to the latency of a CG transmission when a UE fails to acquire the channel prior to a CG resource, as the UE would need to wait to the next CG occasion where the selected HARQ process ID repeats again. On the other hand, reusing the NR-U method leads to HARQ process ID selection ambiguity if the network wishes to ensure no collisions occur between dynamic grants and configured grants in the HARQ process domain. However, collision handling can be further studied, and we propose to reuse the NR-U method.

Proposal 4: For URLLC in controlled environment, a UE selects the HARQ Process ID by implementation from a configured pool of processes for an initial transmission on a CG, as in NR-U.

Retransmission of CG
In Rel-16, UE autonomous retransmission on a CG was specified for NR-U for two reasons:
1. A CG may not be transmitted due to failure to acquire the channel due to LBT determining the channel is busy.
2. The gNB may not be able to acquire the channel to schedule a retransmission prior to the expiration of the CG timer.

The solution was to prioritize retransmissions over initial transmissions and also to introduce the CG retransmission timer to control the time before the UE attempts to autonomously retransmit the TB. For URLLC in controlled environments, such a prioritization can be overly simple as it doesn’t take into account the priority of a retransmission or an initial transmission. Therefore, means are required to determine what (re)transmission to prioritize in a CG resource. For example, the prioritization could be based on the priority of a (re)transmission or the reason for a retransmission (e.g. UL LBT failure, CGRT expiring, intra-UE de-prioritization).

Proposal 5: A UE can prioritize transmissions over retransmissions on CG resources. The conditions to do so are FFS.

Conclusion.
In this contribution we discuss UE initiated COTs for FBE and harmonization of Rel-16 NR-U and URLLC CG enhancements. Enhancements are required for both to ensure appropriate functioning of URLLC in controlled environments using unlicensed spectrum. We provide the following observations and proposals:
Observation 1: Requiring gNBs to initiate a COT in an FFP increases latency for the UE to transmit.
Proposal 1: UEs can initiate COTs in FBE to use configured UL resources (CG, PRACH, PUCCH).
Observation 2: For Industrial IoT scenarios with a large number of UEs, requiring all configured resources to occur immediately after the idle period of an FFP reduces over-all configured resource capacity or requires short FFPs with increase in resource loss due to more frequent idle periods.
Proposal 2: A UE can initiate a COT in an FFP for a transmission occurring later in the FFP.
Proposal 3: A UE can send an indication that it has initiated a COT in an FFP.
Proposal 4: For URLLC in controlled environment, a UE selects the HARQ Process ID by implementation from a configured pool of processes for an initial transmission on a CG, as in NR-U.
Proposal 5: A UE can prioritize transmissions over retransmissions on CG resources. The conditions to do so are FFS.
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