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Introduction
In RAN#86, a work item on Release 17 URLLC enhancements was approved [1]. The scope of this WI includes unlicensed spectrum operation in controlled environment as per the following justification part:

	The support of unlicensed operation needs checking 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.



As part of the objectives of this work item, the following was identified detailing the work required to enable URLLC operation in unlicensed spectrum:

	[bookmark: _Hlk26864288]2.  Identify potential enhancements to ensure Release 16 feature compatibility with unlicensed band URLLC/IIoT operation in controlled environment [RAN1, RAN2]
a.   Detailed objectives to be clarified at RAN#87 based on essential issues to be identified in RAN#87 (if any)



This contribution provides additional details related to the objective of this WI for unlicensed band URLLC/IIoT operation in controlled environment.
Discussion
On underlining assumptions for Release 17 unlicensed URLLC
In the justification part of the WID [1] the following main assumptions for unlicensed operation are mentioned:
· Controlled environment;
· Sporadic access/interference from non-controlled equipment.
It is a common sense to assert that under the aforementioned assumptions the operation of URLLC/IIOT in unlicensed band operation, where the listen before talk (LBT) procedure is mandated in some regions for compliance with the related spectrum regulatory requirements, would be similar to its licensed operation, since it is expected that the LBT failures would be very sporadic. 
However, it may be too optimistic to assume that no LBT failures may occur, since in some real deployments the absence of other incumbent technologies may not be always possible to be guaranteed. Therefore, based on this, it is proposed to carefully consider the LBT failures as a potential limiting factor for enabling URLLC operation in the unlicensed spectrum.

Proposal 1: Explicitly state in Release 17 IIoT/URLLC WID objectives whether the LBT failure is considered as a limiting factor or not in a controlled environment.

Enhancements considering the LBT failure is not a limiting factor
In this section, the enhancements needed or specification incompatibilities between NR-U and URLLC/IIoT are listed under the assumption that in a controlled environment no LBT failures would occur. In particular, in this case the following candidate sub-objectives for enabling URLLC in unlicensed spectrum have been identified:
· [bookmark: _Hlk43380070]Support of NR-U operation by DCI formats 0_2 and 1_2. During the Rel.16 WI related to URLLC/IIOT, two new DCI formats have been introduced: i) DCI format 0_2 for UL scheduling, and ii) DCI format 1_2 for DL scheduling. The main motivation to introduce these new DCI formats was mainly to enable “compact” DCI formats, which are more suitable for scheduling and traffic subjects to tight latency and reliability requirements. However, these two formats currently don’t carry some essential fields required for NR-U operation (e.g., CP extension, CAPC, channel access type, interlace-based FDRA, etc.) and would need to be enhanced.
· PUSCH repetition type B. Both NR-U and URLLC developed enhanced time domain resource allocation (TDRA) schemes in Rel.16 under different motivations. The URLLC-oriented PUSCH repetition type B is more versatile and can handle more variegated scenarios with different start and length symbols for PUSCH allocation. In that sense, joint configuration of NR-U time domain resource allocation together with PUSCH repetitions type B may be enabled in Rel.17.
· CG PUSCH and SPS. In Rel.16 URLLC, the CG PUSCH and SPS features were enhanced. It needs to be checked whether multiple CG and SPS including SPS HARQ feedback work as expected in unlicensed spectrum. Thus, work to close this gap may be needed.

Proposal 2: The following candidate sub-objectives for enabling URLLC in unlicensed spectrum under the assumption of no LBT failures are suggested for down-selection according to the TU allocation:
· Support of NR-U operation by DCI formats 0_2 and 1_2;
· Enable PUSCH repetition type B for NR-U specific TDRA;
· Enable CG PUSCH and SPS enhanced in R16 URLLC/NR-U to efficiently work in unlicensed spectrum for URLLC.

Additional enhancements combating LBT failures
In this section, the features/enhancements needed to combat overhead and latency derived from the LBT failures while fulfilling the URLLC requirements are discussed. In particular, in this case the following candidate sub-objectives for enabling URLLC in unlicensed spectrum have been identified:
· Priority-based enhanced Type 2 and Type 3 HARQ CB. One of the major enhancements introduced in Rel.16 URLLC work was enabling co-existence of at least two different services with different requirements within a UE. This includes for instance more flexible HARQ code-book (CB) construction to split eMBB and URLLC feedbacks, and physical channel prioritization and dropping rules. However, the enhancement made to Type 2 and Type 3 CBs were not extended to priority-based CB construction. In fact, the NR-U specific HARQ CBs are designed mostly to cope with severe LBT failures, it may be natural to extend the priority-based design to those HARQ CBs.
· UE-initiated COT in the semi-static channel access procedure. During Rel.16 NR-U, for the semi-static channel access procedure, it was agreed to enable only the gNB as an initiating device. While this guarantees a robust and simple channel access framework, it may induce longer latencies in case of LBT failures at both gNB’s and UE’s side. In fact, given that a fix frame period (FFP) can be only acquired by a gNB, in case of LBT failures both the gNB and the associated UEs will not be able to transmit for at least a FFP duration, which depending on the configuration may be up to 10ms, that is unacceptable for low-latency applications. In this matter, to overcome this issue, in Rel.17 the UE may be enabled to operate as an initiating device within a framework which would allow to minimize mutual blocking among UEs and gNBs.
· Further optimization of the COT sharing procedure (both UL-DL and DL-UL). Given the tight requirements of URLLC, and the mandatory use of LBT, the COT sharing procedures introduced in NR-U would need further optimization in order to constrain the LBT procedure to reduce LBT overhead, and related latencies by minimizing gaps and allowing Cat-1 LBT as much as possible when this is allowed. For instance, for UE’s COT sharing it may be beneficial to reduce any gaps between UL and DL bursts in case the end of an UL burst may not align with a slot boundary, as illustrated in Fig. 1. 
[image: ]
Fig. 1 – Illustration of UE’s COT sharing mechanism

Furthermore, it may be beneficial to more efficiently support and allow (e.g. UE’s COT sharing) multiple switching points within a shared COT. This is particularly useful if semi-static channel access procedure is used, where multiple switching points (either DL to UL or UL to DL) are expected for a better spectral utilization. In this matter, alignment with the capability 2 processing time would be needed.
· Enhance time/frequency domain occasions. In order to cope with possible LBT failures which introduce inevitable latency, the time and frequency domain occasions where a device can reattempt the LBT procedure should be enhanced. In particular, in Rel.16 NR-U when wideband operation is enabled, a UE is allowed to transmit only if the LBT procedure in all the LBT bandwidths (BWs) is successful. However, this behavior is limitative and may induce long delays in URLLC, especially for semi-static channel access procedure when a UE is the initiating device. Therefore, further enhancements to allow the transmission after the success of the LBT procedure on a sub-set of LBT BWs would be certainly beneficial. This is a leftover from Rel.16 thus may not require big RAN 1 efforts.
· Enhance further the TDRA procedure for contiguous UL transmissions. In an attempt to eliminate further any gaps within a burst, composed by multiple contiguous PUSCH transmissions, and minimize the overhead resulting from the LBT procedure, the Rel.16 TDRA for contiguous UL transmissions may be further optimized. For instance, based on the enhancements supported in Rel.16 NR-U, no gaps would be possible for contiguous transmissions only if a sub-slot is 2 or 7 symbols, otherwise gaps may be inevitable. This may condition the performance of URLLC operating on unlicensed spectrum and may be too limitative.

Proposal 3: The following candidate sub-objectives for enabling URLLC in unlicensed spectrum, under the assumption that the LBT failures may severely impact the performance, are suggested for down-selection according to the TU allocation
· Support of priority-based NR-U HARQ codebooks;
· UE-initiated COT in the semi-static channel access procedure;
· Further optimize the COT sharing procedure (both UL-DL and DL-UL) to minimize gaps, align with the capability 2 processing time, and enhance the multiple switching point scenarios;
· Enhance time/frequency domain occasions, including wideband operation enhancement to transmit after CCA success on a sub-set of LBT BWs;
· Enhance further TDRA for contiguous UL transmissions to eliminate any gaps within a burst and minimize the overhead resulting from the LBT procedure.

Conclusions
In this contribution, we discussed several aspects related to the channel access mechanism, and made the following proposals and observations: 
[bookmark: _GoBack]
Proposal 1: Explicitly state in Release 17 IIoT/URLLC WID objectives whether the LBT failure is considered as a limiting factor or not in a controlled environment.

Proposal 2: The following candidate sub-objectives for enabling URLLC in unlicensed spectrum under the assumption of no LBT failures are suggested for down-selection according to the TU allocation:
· Support of NR-U operation by DCI formats 0_2 and 1_2;
· Enable PUSCH repetition type B for NR-U specific TDRA;
· Enable CG PUSCH and SPS enhanced in R16 URLLC/NR-U to efficiently work in unlicensed spectrum for URLLC.

Proposal 3: The following candidate sub-objectives for enabling URLLC in unlicensed spectrum, under the assumption that the LBT failures may severely impact the performance, are suggested for down-selection according to the TU allocation
· Support of priority-based NR-U HARQ codebooks;
· UE-initiated COT in the semi-static channel access procedure;
· Further optimize the COT sharing procedure (both UL-DL and DL-UL) to minimize gaps, align with the capability 2 processing time, and enhance the multiple switching point scenarios;
· Enhance time/frequency domain occasions, including wideband operation enhancement to transmit after CCA success on a sub-set of LBT BWs;
· Enhance further TDRA for contiguous UL transmissions to eliminate any gaps within a burst and minimize the overhead resulting from the LBT procedure.
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