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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #102-e meeting, UE-initiated COT for FBE and harmonizing UL configured-grant enhancements were discussed. Some agreements were made as below [1].
Agreements:
· For semi-static channel access mode,
· If sensing is needed, it is performed immediately before the configured/scheduled transmission opportunity.
· For operation with semi-static channel access, the Rel-16 random starting offsets for UL configured grants with Full BW allocation when UE initiates a COT, is not supported.
Agreements:
· For semi-static channel access mode,
· When gNB operates as an initiating device 
· The gNB is not allowed to transmit during the idle period of any FFP associated with the gNB in which the gNB initiates a COT
· When a UE operates as an initiating device 
· The UE is not allowed to transmit during the idle period of any FFP associated with the UE in which the UE initiates a COT
· When a UE shares a COT initiated by the gNB during an FFP associated with the gNB
· The UE is not allowed to transmit during the idle period of that FFP in which the UE shares the COT initiated by the gNB
· When the gNB shares a COT initiated by a UE during an FFP associated with the UE
· The gNB is not allowed to transmit during the idle period of that the FFP in which the gNB shares the COT initiated by the UE
· FFS whether/how to support additional restrictions to the idle period
Agreements:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode
Agreements:
· A UE initiates a COT in an FFP associated with the UE, if the UE transmits a UL transmission burst starting at the beginning of the FFP and ending at any symbol before the FFP’s idle period after a successful CCA of 9us immediately before the UL transmission burst.
Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.
Agreements:
· Conditions on the channel access procedures with respect to sensing duration and transmission gap for UE-initiated COT with UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles.
Agreements:
· UE-to- gNB COT sharing in semi-static channel access mode is supported.
· The gNB determines a COT in an FFP associated to a UE, that is initiated by the UE, if the gNB detects a UL transmission from the UE starting from the beginning of the FFP and ending before the idle period of the FFP.
· FFS details
· When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP.
· FFS whether/how UE to gNB COT sharing when the gap is >16us
Agreements:
For semi-static channel access mode,
· Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 
· FFS: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 
Agreements:
For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters
In this contribution, we further provide our considerations on uplink enhancements for URLLC in unlicensed controlled environments including UE-initiated COT for FBE and harmonizing UL configured-grant enhancements.
2. Discussion
2.1 Support of UE-initiated COT for FBE
FFP Periodicity and offset for UE-initiated COT
Based on the agreement in the last meeting [1], there are three remaining issues on FFP parameters configuration for UE-initiated COT as below.
	Agreements:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode
Agreement:
For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters


For this WI, UE-initiated COT for configured/scheduled uplink transmissions in connection mode is a priority and it is well suitable for the IIoT uses cases with the low latency requirement in our view. Considering the limited time budget, it is proposed that UE-initiated COT is not supported when the UE is IDLE/INACTIVE mode. Consequently, FFP parameters for UE-initiated COT provided by SIB-1 do not need to be supported. 
If UE FFP periodicity is implicitly determined by CG periodicity and more than one CG configurations are configured to a UE, the determination rule of UE FFP periodicity for multiple CGs case is complicated. So it is better to be explicitly configured by gNB.
Proposal 1: FFP parameters for UE-initiated COT provided by SIB-1 are not supported. 
Proposal 2: UE FFP periodicity is explicitly configured by gNB. 
Determination on UE-initiated COT
In order to reduce the interference on gNB-initiated COT from UE-initiated COT and the conflict on UE-initiated COT among UEs, it is desirable that gNB can notify UE which UE-initiated COT can be allowed to use among the multiple configured UE-initiated COTs.
For notifying UE which UE-initiated COT can be allowed to use, gNB can configure transmission pattern for each UE with dedicated RRC signaling or MAC CE by gNB-initiated COT shown in Figure 3a or sharing UE-initiated COT as shown in Figure 3b. This transmission pattern is used to indicate which COT in the group of COT can be allowed to be initialized by UE. As shown in Figure 3a, gNB can configure transmission pattern with X bits such as 6 bits (1 0 1 1 0 1) to UE where 1 means UE-initiated COT is allowed and 0 means UE-initiated COT is not allowed. A reference point is defined to determine the first FFP indicated by the transmission pattern indication.
As shown in Figure 3b, the only difference is that NB needs to share UE-initiated COT.


                                      Figure 3a: UE-initiated COT transmission pattern by gNB-initiated COT


Figure 3b: UE-initiated COT transmission pattern by sharing UE-initiated COT
Proposal 3: gNB can inform UE a transmission pattern to indicate which COT(s) can be used for UE initialization.
UE-initiated COT sharing with gNB
Based on the agreement in the last meeting [1], there is one remaining issue on whether/how UE to gNB COT sharing when the gap is >16us. When the gap is >16 us, UE to gNB COT sharing should be allowed because the benefit of allowing UE to gNB COT sharing when the gap >16us would be mainly latency as compared to gNB waiting for the start of the next gNB-initiated COT which may be blocked due to LBT failure although LBT is executed.
Proposal 4: UE to gNB COT sharing should be supported when the gap is >16us.
2.2 CG PUSCH for the URLLC operation in unlicensed band
Based on FL summary on harmonizing Rel-16 CG for URLLC unlicensed in last meeting [2], to accommodate CG for URLLC in unlicensed band with controlled environment, there are possible three ways:
· Option 1: only support URLLC CG mechanism in unlicensed band.
· Option 2: NW can decide to use either URLLC CG mechanism or NR-U CG mechanism in unlicensed band.  
· Option 3: feature-by-feature discussion or combination of some features from NR-U and URLLC CG mechanism.
We provide a pros/cons comparison analysis of both NR-U CG mechanism and IIOT CG mechanism shown in table 1.
[bookmark: _Ref53067515]Table 1: Comparison summary of NR-U and IIOT protocols
	NR-U

	Pros
	Protocol already handles deprioritized PDUs by configuring cg-RetransmissionTimer < configuredGrantTimer 

	
	Performance: fast autonomous retransmission on any next CGO from any CG cfg with same TBS upon LBT failure, and after cg-RetransmissionTimer expiry for transmission failures

	Cons
	Complexity: Heavy protocol with large deviation from legacy:
1. 1 new timer
1. HARQ process pending/not pending concept
1. gNB cannot schedule re-transmissions for CGs
1. UE-selected HARQ process with associated CG-UCI in PUSCH

	
	Requires gNB to send DFI-ACK on every successful CG transmission: high gNB energy consumption and interference

	
	Performance:
1. gNB-scheduled HARQ retransmission is not possible, unless only one HPID is configured for a CG configuration
1. Retransmissions of configured grants are always prioritized over new transmissions, even if carrying low-priority LCHs
1. gNB response time (DFI-ACK) is expected larger than legacy due to CG-UCI decoding 
1. The number of consecutive autonomous retransmissions  is limited by the configuredGrantTimer

	IIOT

	Pros
	Complexity: Light protocol closed to legacy, low complexity

	
	Performance:
1. Fast/flexible gNB-scheduled HARQ retransmission is supported, as in legacy
1. No limitation on the number of retransmissions, as in legacy
1. No limitation on the number of consecutive autonomous transmissions

	Cons
	Protocol does not handle pending PDUs due to LBT failure

	
	Performance: when multiple HARQ processes are configured for a CG configuration, autonomous transmission can only happen on the next CGO with same HARQ PID as the deprioritized CGO



Based on above comparison analysis, we can know each mechanism in Option2 has its own characteristics URLLC CG mechanism would be suitable for URLLC in controlled environment and NR-U CG mechanism can naturally be used for unlicensed band. In addition, Option2 has the less spec impact and gNB can easily configure URLLC Type 1 / Type 2 CG for operation in unlicensed spectrum without cg-RetransmissionTimer-r16. So the option 2 is taken as baseline for supporting UL CG for URLLC in unlicensed band.  When LBT failure rate is low in NR-U, NW can configure URLLC CG mechanism. When LBT failure rate is high in NR-U, NW can configure NR-U CG mechanism. So it is proposed to take option 2 as baseline for supporting UL CG for URLLC in unlicensed band.
Proposal 5: Option 2 is taken as baseline for supporting UL CG for URLLC in unlicensed band. LBT failure rate can be made as switching condition between URLLC CG mechanism and NR-U CG mechanism in unlicensed band.
3. Conclusions
In this contribution, we discuss about the remaining issues on enhancements for unlicensed band URLLC/IIoT in the last meeting. Our proposals are as follows:
Proposal 1: FFP parameters for UE-initiated COT provided by SIB-1 are not supported. 
Proposal 2: UE FFP periodicity is explicitly configured by gNB. 
Proposal 3: gNB can inform UE a transmission pattern to indicate which COT(s) can be used for UE initialization.
Proposal 4: UE to gNB COT sharing should be supported when the gap is >16us.
Proposal 5: Option 2 is taken as baseline for supporting UL CG for URLLC in unlicensed band. LBT failure rate can be made as switching condition between URLLC CG mechanism and NR-U CG mechanism in unlicensed band.
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