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1. Introduction
A new Rel-17 WI for URLLC enhancement was approved in RAN#88-e with following objectives [1]. 

	· Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering:
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
· Note: DMRS-based CSI feedback is not in scope of this WI
· 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
· Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
· Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH.
· Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline
· Enhancements for support of time synchronization:
· RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
· Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
· RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3]



In this contribution, we discuss and provide our views on UL enhancements for URLLC in unlicensed controlled environments, in terms of supporting UE-initiated COT for FBE based unlicensed band operation and harmonizing CG features introduced for NR-U and URLLC in Rel-16.

2. Support of UE-initiated COT for FBE based URLLC
Regarding UE-initiated COT for the purpose of supporting URLLC in controlled U-band environments operating based on FBE structure, basically, it is desirable that the UE-initiated COT is able to be controlled in gNB side, in order to avoid potential collision/blocking between UE’s UL transmission and gNB’s essential DL transmission (such as SSB transmission, system information, paging, and RACH messages), which would induce significant/critical impacts to the system/network, by allowing the UE-initiated COT based on the contention even with the gNB. With this consideration, we discuss on potential gNB-controlled UE-initiated COT mechanisms to support URLLC in FBE operation based U-band environments.

Proposal #1: Consider gNB-controlled UE-initiated COT mechanisms for FBE based U-band environments, in order to avoid potential collision/blocking between UE’s UL transmission and gNB’s essential DL transmission.

· Configuration of unaligned FFP between gNB and UE
One possible mechanism to support UE-initiated COT in gNB-controlled manner is to configure the FFP starting with gNB-initiated COT (i.e., FFP-g) and the FFP starting with UE-initiated COT (i.e., FFP-u) separately, where the starting timing of FFP-g is configured to be earlier than that of FFP-u. Given this structure, from UE perspective, the UE could try to do LBT before the starting timing of its own FFP-u, then it could make an UE-initiated COT if the LBT is successful due to idle channel. Otherwise (it means, if there is LBT failure due to busy channel), the UE could follow Rel-16 FBE behaviour assuming FFP-g starting with gNB-initiated COT. Observing from gNB perspective, it would try to make gNB-initiated COT for its own FFP-g transmission when it has something to transmit in DL. Otherwise (it means, in case when nothing needs to be transmitted in DL), the gNB could hand over the chance of COT initiation to the UE, then it would be beneficial for the UEs having something to transmit in UL with low latency.

Proposal #2: Consider configuration of unaligned FFP timing between the FFP stating with gNB-initiated COT and the FFP starting with UE-initiated COT.

· Indication to allow UE-initiated COT for the next FFP
Another possibility to support gNB-controlled UE-initiated COT could be to indicate dynamically (in the current FFP) whether to allow making UE-initiated COT for the next FFP, based on the transmission of an UE-common DCI like the SFI signalling. In this case, if gNB indicates that making UE-initiated COT for the next FFP is allowed for UEs, the UEs could try to do LBT and make the UE-initiated COT (then start the FFP with UL transmission) if the LBT is successful. For the above, the UE-common DCI used for the indication of UE-initiated COT could either explicitly indicate whether or not to allow UE-initiated COT for the next FFP, or implicitly indicate by allocating UL resource at the beginning of FFP or by not cancelling pre-configured UL resource at the beginning of FFP. 

Proposal #3: Consider dynamic indication of whether to allow UE-initiated COT for the next FFP, based on the transmission of an UE-common DCI.

3. Harmonization of CG features in Rel-16 NR-U and URLLC
In Rel-16, configured grant for NR URLLC and NR-U has been developed in different ways. Configured grant in NR-U has differences from configured grant in URLLC in following two aspects: (1) determination of HARQ process ID and (2) PUSCH resource allocation method. 

· Determination of HARQ process ID
NR-U specification uses CG-UCI for configured grant PUSCH. UE can selects HARQ process ID, RV and NDI itself for its configured grant PUSCH transmission. On the other hands, NR URLLC configured grant has an equation for determining a HARQ process ID for a period. Thus, a difference in this aspect is that NR URLLC configured grant only support single TB per a period and doesn’t support autonomous retransmission with configured grant. 
Those differences come from CG-UCI. However, CG-UCI has some drawbacks in terms of reliability. For URLLC services, each of the signals involving a communication must meet reliability requirement individually to achieve overall reliability requirement for URLLC. Since CG-UCI should be encoded separately from UL-SCH, it could be reliability bottleneck. In addition, the CG-UCI would consume the REs for the UL-SCH, so that degrades UL-SCH reliability. From those point of view, it can be considered to support multiple TB transmission per period and autonomous retransmission (based on NR-U CG resource), without CG-UCI at all or with small CG-UCI overhead. To support multiple TB transmission with this consideration, it would be necessary to specify new equation to determine HARQ process ID suitable for NR-U configured grant. On top of that, to facilitate autonomous retransmission, it is required to consider whether/how to indicate NDI from UE to gNB for a configured grant transmission.

Proposal #4: Consider new equation for determining HARQ process ID (e.g., based on NR-U CG resource allocation) in order to support multiple TB transmission per period.

· PUSCH resource allocation method
In Rel-16 NR URLLC discussion, PUSCH repetition type B has been introduced for supporting flexible resource allocation. As a result, NR URLLC has two parameters meaning the number of repetitions and the repetition type. In NR-U, CG configuration also has the number of repetitions parameter for determining how many transmission occasions are used for a TB, and separately has two parameters for resource allocation (one means the number of slot where PUSCH allocated, the other means the number of PUSCH resources in a slot). Up to the gNB configuration, CG configurations in NR URLLC and NR-U can make equivalent resource allocation. 
The easiest way to support both resource allocation is to make a new parameter to select either resource allocation method. However, it is hard to say that it is harmonization. To make single unified method, it can be considered to adopt repetition type B to NR-U CG resource allocation. If there is no segmentation of PUSCH, NR-U CG resource allocation is more generalized method to allocate resource. 

Proposal #5: Consider to adopt PUSCH repetition type B for NR-U CG resource allocation to support flexible resource allocation. 

If PUSCH repetition type B is used for unlicensed band, the segmentation could create symbol gap and then it would trigger LBT/CAP procedure. In most cases of the segmentation, it is reasonable to attempt LBT/CAP procedure since the segmentation occurs to avoid DL symbols. One controversial case is orphan symbol case. In NR URLLC, UE skipped 1-symbol length PUSCH after segmentation for efficiency. However, it could make UE attempt LBT/CAP unnecessarily. Therefore, in unlicensed band, it could be beneficial to fill the orphan symbol under some conditions rather than drop it to avoid making symbol gap.

Proposal #6: Consider to handle the orphan symbol created after segmentation under some condition in unlicensed band to avoid unnecessary LBT/CAP procedure.

4. Conclusions
In this contribution, UL enhancements for URLLC in unlicensed controlled environments were discussed, and the followings are proposed.

Proposal #1: Consider gNB-controlled UE-initiated COT mechanisms for FBE based U-band environments, in order to avoid potential collision/blocking between UE’s UL transmission and gNB’s essential DL transmission.
Proposal #2: Consider configuration of unaligned FFP timing between the FFP stating with gNB-initiated COT and the FFP starting with UE-initiated COT.
Proposal #3: Consider dynamic indication of whether to allow UE-initiated COT for the next FFP, based on the transmission of an UE-common DCI.
Proposal #4: Consider new equation for determining HARQ process ID (e.g., based on NR-U CG resource allocation) in order to support multiple TB transmission per period.
Proposal #5: Consider to adopt PUSCH repetition type B for NR-U CG resource allocation to support flexible resource allocation. 
Proposal #6: Consider to handle the orphan symbol created after segmentation under some condition in unlicensed band to avoid unnecessary LBT/CAP procedure.
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