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1 Introduction
In RAN 88-e meeting, following WID was updated by adding uplink enhancements in unlicensed band based on UL feedback enhancements and Intra-UE multiplexing. 

	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 
2. [bookmark: _Hlk26864288]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
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. 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. 
b. 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 

4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


In this contribution, how to support UE-initiated COT and analysis of potential modification to harmonize UL configured-grant in NR-U and URLLC is provided. 
2 Understanding of Controlled environments 
During RAN discussion, it seems different companies have different understanding of the exactly meaning of controlled environments. It is important to align the understanding which impacts the design principles. 
As captured in Justification part in WID RP-201310, the controlled environments 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 other words, the scenario considered is similar to the case specified in TS 37.213 that “the absence of any other technology sharing the channel can be guaranteed on a long-term basis (e.g. by level of regulation)”. The impact of LBT failure or hidden nodes problem would be almost negligible, thus no further optimization in addition to Rel-16 NR-U mechanism to overcome these issues is needed for Rel-17 URLLC/IIoT over unlicensed band. 
Observation: The impact of LBT failure or hidden nodes problem would be almost negligible under controlled environments, thus no enhancement specifically to address these aspects is needed for Rel-17 URLLC/IIoT over unlicensed band. 
3 UE-initiated COT for FBE
Rel-16 NR-U supports both dynamic and semi-static channel access procedure, as known as LBE and FBE. The scenario for FBE is “If the absence of any other technology sharing a channel can be guaranteed on a long-term basis (e.g. by level of regulation)”, which is the scenario of controlled environment for Rel-17 URLLC/IIoT over unlicensed band.  
Rel-16 NR-U only supports gNB-initiated COT for FBE. In Rel-16 NR-U WI, it was already well-understood that UE may suffer undesirable latency for UL transmission without gNB scheduling if only gNB-initiated COT is supported for FBE. For example, an idle UE has to delay its PRACH transmission to next frame period if there is no configured SS/PBCH or RMSI in current frame period. For another example, a UE can transmit CG-PUSCH only if the UE has successfully decoded a PDCCH which introduces additional latency. Moreover, DL signaling overhead is undesirably increased because gNB may always transmit PDCCH to enable potential CG-PUSCH/PRACH transmission even if gNB does not know whether the UE intends to transmit or not. Therefore, RAN1 planned to also support UE-initiated COT to fix problems above. Unfortunately, due to lack of time and main target of eMBB over unlicensed band at that time, RAN1 did not finalize the work for UE-initated COT for FBE. In Rel-17, to support URLLC over unlicensed band with desirable performance, UE-initiated COT should be supported for FBE. 
Similar to gNB-initiated COT, parameters related to channel access, e.g. whether enable UE-initiated COT for semi-static channel access, period for channel occupancy, can be indicated to the UE by higher layer signaling. Both signaling in RMSI and dedicated RRC signaling can be considered for different purpose. For example, in case of Pcell over unlicensed cell, to facilitate RACH procedure with comparable latency as over licensed band, the signaling for UE-initiated COT before RACH procedure is desirable, e.g. by RMSI. For another example, in case of Scell without RACH configuration, dedicated RRC signaling after RRC connection setup would be sufficient. 
Generally speaking, it is up to gNB to determine how to configure/manage gNB and UE initiated COT. The parameters for FFP can be different for gNB and UE, e.g. it would be beneficial to configure UL FFP aligned with CG-PUSCH or RACH resource while it is beneficial to configure DL FFP aligned with GC-PDCCH or SS/PBCH to enable immediately transmission at the beginning of the COT. In case both gNB and UE-initiated COT is enabled, the coordination between gNB and UE initiated COT should be studied. 
Similar to gNB sharing COT to UE, UE can also share its COT to gNB. After gNB detects the presence of UL signal from a UE, gNB can transmit DL signals within UE’s COT, e.g. gNB can transmit RAR to a UE after gNB detects PRACH transmission from the UE within the same COT. 
Proposal 1: gNB can configure FFP parameters for UE-initiated COT by RMSI or UE-specific RRC signaling.  
Proposal 2: A UE can transmit UL signals within its COT after UE finishes LBT before the start of COT, and shares its COT to gNB. gNB may transmit DL transmission within a UE-initiated COT after detection of UL signal from the UE. 
4 Harmonizing CG PUSCH in NR-U and URLLC
In Rel-16 eURLLC, multiple CG PUSCH configuration is supported with separate activation/release and joint release. To alleviate HARQ ID collision between multiple CG PUSCH configurations, harq-ProcID-Offset2 per CG PUSCH configuration is introduced. HARQ ID for a CG PUSCH is determined by [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2. To reduce latency, type-B PUSCH repetition is supported for both DG and CG PUSCH. Besides, to ensure high reliability for PUSCH as well as reduced blind detection at gNB side, RRC signalling per CG configuration to enable/disable the feature of starting from any RV 0 occasion for RV cyclic sequences {0,0,0,0} and {0,3,0,3} is also introduced. 
In Rel-16 NR-U, multiple CG PUSCH configuration is also supported with separate activation/release and joint release. To reduce the impact of LBT, NR-U introduces additional a number of consecutive slots cg-nrofSlots in a configured grant periodicity following the time instance of configured grant offset as well as a number of consecutive PUSCH occasions within a slot cg-nrofPUSCH-InSlot to support more transmission opportunites for CG PUSCH. With similar motivation, NR-U supports flexbile HARQ ID selection by UE implemenation which decouples the linkage between HARQ ID and symbol index of transmsision occasion. To inform HARQ information to gNB, CG-UCI indicating HARQ ID, RV and NDI is trassmitted in every CG PUSCH. Consequently, UE has more freedom to choose an avaiable transmissoin ocassion for CG PUSCH transmission with a HARQ ID available for the configured grant configuration. In case of repetition, to reduce unnecesarry LBT caused by non-continous resource in time domain, UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration (still belongs to type-A repetition). There is no restriction for RV for repetition, i.e. UE still has full flexibility to choose any RV for each repetition. Besides, considering larger PUSCH miss-detection probability caused by hidden node problem in unlicensed band, NR-U introduces cg-RetransmissionTimer to support autonomous CG PUSCH retransmission, which is mandatory for operation over unlicensed band. Furthermore, NR-U supports CG-DFI to indicate HARQ-ACK of all UL HARQ processes to save DL PDCCH overhead (avoid one-to-one UL grant) to support autonomous CG PUSCH retransmission and new transmission. It is noted that, configuredGrantTimer introduced for Rel-15 CG PUSCH which is for autonomous new transmission indication (implicit ACK) is still configured for NR-U CG PUSCH with the restriction that the value of cg-RetransmissionTimer is always less than configuredGrantTimer. 
In controlled enviroment, LBT failure hardly happens and hidden node interference would be almost negligible, the probability of successful UL reception for URLLC traffic would be much larger than miss-detection of UL transmission. Consequently, autonomous retransmissions after cg-RetransmissionTimer defined in Rel-16 NR-U leads to unncessary DCI overhead, e.g. gNB needs to transmit CG-DFI or UL grant for ACK indicatin for each CG PUSCH before cg-RetransmissionTimer expiration to avoid unncessary retransmisison. However, cg-RetransmissionTimer is manatory for the opeartion over unlicensed spectrum now, which should be modified to be configurable. According to the current standard, cg-RetransmissionTimer is the condition for many other features, e.g. UE selects an HARQ Process ID and RV if cg-RetransmissionTimer is configured. Considering lower latency can be achieved by flexible HARQ ID selection than deterministic HARQ ID, it is desirable to enable flexible HARQ ID selection even if cg-RetransmissionTimer is not configured. Therefore, RAN1 should study which features can be supported independently from cg-RetransmissionTimer configuration. 
Proposal 3: Support configurable cg-RetransmissionTimer to avoid unnecessary autonomous retransmission for CG-PUSCH. Further study whether and how to decouple the configuration of cg-RetransmissionTimer and other HARQ procedures for CG-PUSCH, e.g. flexible HARQ Process ID and RV selection by UE. 
Another aspect to be considered is whether any modification is needed to support type-B repetition CG PUSCH over unlicensed band, e.g. whether LBT before each non-consecutive actual repetition has impact on type-B repetition design.      
Proposal 4: Further study how to support Type-B PUSCH repetition over unlicensed band.  
5 Conclusion
Based on the discussion above, the following observations and proposals are proposed. 
Observation: The impact of LBT failure or hidden nodes problem would be almost negligible under controlled environments, thus no enhancement specifically to address these aspects is needed for Rel-17 URLLC/IIoT over unlicensed band. 
Proposal 1: gNB can configure FFP parameters for UE-initiated COT by RMSI or UE-specific RRC signaling.  
Proposal 2: A UE can transmit UL signals within its COT after UE finishes LBT before the start of COT, and shares its COT to gNB. gNB may transmit DL transmission within a UE-initiated COT after detection of UL signal from the UE. 
Proposal 3: Support configurable cg-RetransmissionTimer to avoid unnecessary autonomous retransmission for CG-PUSCH. Further study whether and how to decouple the configuration of cg-RetransmissionTimer and other HARQ procedures for CG-PUSCH, e.g. flexible HARQ Process ID and RV selection by UE.  
Proposal 4: Further study how to support Type-B PUSCH repetition over unlicensed band.  
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