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1. Introduction

The WID on R17 Enhanced IIoT and URLLC was updated in [1] in RAN#88e and two objectives on UE-initiated COT for FBE and Harmonizing UL configured-grant enhancements are included in the WID. 
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 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 UE-Initiated COT for FBE mode
For semi-static channel access mode (a.k.a. FBE mode) as shown in Figure 1, only gNB-initiated COT can be supported in R16 and there are 2 restrictive conditions for the beginning transmission of a fix frame period (FFP) and idle period due to the LBT procedures as the following: 

1) Only DL transmissions at the beginning of an FFP is allowed

2) No DL or UL transmission is allowed during the idle period.
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Figure1 gNB-initiated COT for FBE in Rel-16
Additional delay is introduced due to the inaccessible time as mentioned above. In addition, if an FFP can be only acquired by a gNB, in case of LBT failures both the gNB and the associated UEs can’t transmit for at least one FFP duration. In order to improve the latency for URLLC traffic in unlicensed controlled environment, it was agreed to support UE-initiated COT for FBE. Basically, UE-initiated COT is allowed and UE is allowed to transmit at the beginning of an FFP if LBT is successful.
Based on above general procedure on UE-initialized COT, we propose two scenarios for UE-initiated COT for FBE as below,
1. Case 1: Non-overlapping between gNB-initiated COT and UE-initiated COT (“gNB planning” method).
 As shown in Figure 2, there is no overlapping between gNB-initiated COT and UE-initiated COT. gNB can plan one COT for the UE-initiated COT. If UE has UL traffic and executes LBT procedure, UE can initiate the COT and transmit UL traffic. If UE doesn’t transmit any data to gNB at the beginning of an COT, gNB can execute LBT procedure for some time and then obtain the right of control on this COT. 
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Figure 2 Case 1 on COT initiated by UE under FBE mode
2. Case 2: Overlapping between gNB-initiated COT and UE-initiated COT(“allowed UL transmission during the idle period” method)
As shown in Figure 3, there is overlapping between gNB-initiated COT and UE-initiated COT. If UE has UL traffic, UE right now executes LBT procedure for initiating COT and then transmit UL data to gNB during the idle period of last COT.
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Figure 3 Case 2 on COT initiated by UE under FBE  mode
It is proposed to further discuss whether UE initiated COT for FBE based on gNB planning and UL transmission during idle period are supported.
Proposal 1: Further discuss whether UE initiated COT for FBE based on gNB planning and UL transmission during the idle period are supported.
2.2 CG PUSCH for the URLLC operation in unlicensed band
As shown in Figure 4, CG PUSCH transmission in Rel-16 NR-U includes following features:
1) UE-selected HARQ process for each CG opportunity
2) CG-UCI carrying the UE selected HARQ process ID and RV and NDI

3) A new timer: cg-RetransmissionTimer
4) Network feedback: DFI

5) Autonomous retransmission on different CG configurations with the same TB and HARQ process ID
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Figure 4 CG PUSCH transmission mechanism in R16 NR-U
The timer cg-RetransmissionTimer is mandatory to be configured for operation in unlicensed band as defined in 38.331.

	cg-RetransmissionTimer
Indicates the initial value of the configured retransmission timer (see TS 38.321 [3]) in multiples of periodicity. The value of cg-RetransmissionTimer is always less than the value of configuredGrantTimer. This field is always configured for operation with shared spectrum channel access together with harq-ProcID-Offset. This field is not configured for operation in licensed spectrum or simultaneously with harq-ProcID-Offset2.


In addition, DCI format 0_1 with CRC scrambled by CS-RNTI for operation in a cell with shared spectrum channel access includes 1 bit DFI flag and can be used to activate Type 2 CG transmission and indicate CG-DFI only.
	In section 7.3.1.1.2, 38.212

-
DFI flag – 0 or 1 bit
-
1 bit if the UE is configured to monitor DCI format 0_1 with CRC scrambled by CS-RNTI and for operation in a cell with shared spectrum channel access. For a DCI format 0_1 with CRC scrambled by CS-RNTI, the bit value of 0 indicates activating type 2 CG transmission and the bit value of 1 indicates CG-DFI. For a DCI format 0_1 with CRC scrambled by C-RNTI/SP-CSI-RNTI/MCS-C-RNTI and for operation in a cell with shared specrum channel access, the bit is reserved.


UL configured grant transmission scheme in Rel-16 NR-U is different from Rel-16 URLLC configured grant transmission scheme. A comparison is provided in Table 1. 
Table 1 Comparison between R16 CG PUSCH in NR-U and R16 URLLC in license band

	
	Rel-16 NR-U CG
	Rel-16 URLLC CG

	HARQ process number/RV determination
	selected by UE
	By the time of the CG occasion 

	HARQ process sharing across CG configurations in a BWP
	Yes
	No

	HARQ timer
	cg-RetransmissionTimer (CGRT),
configuredGrantTimer (CGT)
	configuredGrantTimer (CGT)

	Autonomous (Re)Tx if the initial transmission is not performed due to LBT failure/de-prioritized CG
	Autonomous ReTx  among different CG configurations with same TBS and same HPN
	Autonomous transmission (as a new transmission) in next CGO from the same CG configuration with the same HPN

	Retransmission if the initial transmission was not correctly decoded
	If CGRT expires, retransmission in a CGO
	Scheduled by DCI during the CGT period

	CG PUSCH repetition type
	PUSCH repetition type A
	PUSCH repetition type A&B

	Early termination during repetition
	Supported via CG-DFI
	No


There are three possible harmonizing solutions on CG PUSCH in NR-U and URLLC in licensed band.
Option1: Direct combination on CG PUSCH in NR-U and URLLC in licensed band
Option2: URLLC in licensed band can be used and enhancement can be considered if needed
Option3: CG PUSCH in NR-U can be used and enhancement can be considered if needed
Regarding Option 1, complexity of the implementation is very high and some mechanisms on HARQ process number, HARQ timer and HARQ feedback completely conflict between NR-U CG and URLLC CG in license band.

From the point of view of simplifying UE implementation, we prefer supporting only one CG PUSCH mechanism in URLLC (Option2) or NR-U (Option 3) with some necessary enhancements.
Proposal 2:  Consider CG PUSCH mechanism in NR-U or URLLC CG mechanism in licensed band as baseline with potential enhancements to be applicable for unlicensed spectrum.

3. Conclusions
In this contribution, we discussed about the remaining issue on. Our proposals are as follows:
Proposal 1: Further discuss whether UE initiated COT for FBE based on gNB planning and UL transmission during the idle period are supported.
Proposal 2:  Consider CG PUSCH mechanism in NR-U or URLLC CG mechanism in licensed band as baseline with potential enhancements to be applicable for unlicensed spectrum.
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