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Introduction
During RAN 88e meeting, a revised WID of Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved [1]. The second objective is about uplink enhancements for URLLC in unlicensed controlled environments, including UE-initiated COT for FBE and UL configured-grant enhancements. The objective is showed below.
2. 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

This contribution provides initial thoughts on uplink enhancements for URLLC in unlicensed controlled environments.
Discussion
UE-initiated COT for FBE 
In Rel-16 NR-U, only gNB can initiate a channel access procedures for semi-static channel occupancy (FBE). It does not support a periodic COT initiated by UE. However, during the gNB-initiated COT, UL channels cannot be transmitted in the beginning, which is lack of flexibility especially for URLLC traffic. So UE-initiated COT for FBE is essential for Rel-17 URLLC item.
Regarding gNB-initiated COT for FBE, a periodic COT can be initiated every  within every 20ms, where   is configured by higher layer signaling. At the starting of the even indexed radio frame, a COT can be initiated at each  , where . The maximum channel occupancy time . Finger 1 can be found for above parameters.


Figure 1: gNB-initiated COT
For UE-initiated COT for FBE, the similar mechanism can be studied. The aspects includes:
· Period of UE-initiated COT
· Positions that a UE can initiate a COT
· Relationship between gNB-initiated COT and UE-initiated COT
Regarding the period of UE-initiated COT (Tx_UE), it can be separately configured by higher layer singling. Period of UE-initiated COT can be different from gNB-initiated COT. One question is whether UE’s fixed frame period can be bigger than gNB’s fixed frame period. From our understanding, UE’s fixed frame period can be within one gNB-initiated COT, which means UE-initiated COT always be within or smaller than the period of gNB-initiated COT.
Similar as gNB’s FFP, the starting positions of the UE’s FFP are also given by the period of UE’s FFP. Considering gNB’s fixed frame period and UE’s fixed frame period would be better not to overlap, Tx can be integer multiples of Tx_UE.. Figure 2 shows an example of UE-initiated COT. 
Another issue is the starting positions of UE’s FFP can be a partial of positions in 20ms. We prefer some of the starting positions for gNB’s FFP can be initialed only by gNB, meanwhile only some of them can be used for UE’s FFP which is indicated by higher layer signaling. 


Figure 1: gNB-initiated COT

Regarding relationship of gNB-initiated COT and UE-initiated COT, option 1 is they can collide with each other. Option 2 is they never collide. Considering all the UE’s starting positions are known by gNB, it is reasonable to configure un-overlapped COTs that are initiated by gNB or UE.
Above all, we have the following proposals:
Proposal 1. Regarding the period of UE-initiated COT (Tx_UE), it can be separately configured by higher layer singling
Proposal 2. [bookmark: _GoBack]The starting positions are given by the FFP. 
Proposal 3. Configure the un-overlapped COTs that are initiated by gNB and UE.
Harmonizing UL configured-grant enhancements in NR-U and URLLC
In Rel-16, both of UL configured-grant enhancements in NR-U and UL configured-grant enhancements URLLC are introduced. The following table summarizes the enhancements.
Table 1: UL configured-grant enhancements in NR-U and URLLC
	UL configured-grant enhancements
	NR-U
	URLLC

	HARQ process
	UE implementation 
	HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2


	RV
	Determined by the UE
	RV sequence configured by repK-RV or 0

	Initial transmission of a transport block
	Any position in the earliest consecutive transmission occasion candidates
	If Configuredgrantconfig-StartingfromRV0 set to 'off': 
only start at the first transmission occasion of the K repetitions
else:
any of the transmission occasions of the K repetitions that are associated with RV=0

	Resource allocation and Repetition
	If cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16 are configured:
First resource is given by timeDomainAllocation or DCI, the remaining PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous allocations without any gaps in the repK earliest consecutive transmission occasion candidates
	PUSCH repetition Type A
PUSCH repetition Type B

	Termination
	Three terminate conditions on the left. And early termination:
UE receives a DCI format 0_1 with DFI flag provided and set to '1', and if in this DCI the UE detects ACK for the HARQ process corresponding to that transport block
	· After transmitting K repetitions,or
· At the last transmission occasion among the K repetitions within the period P, or
· From the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 

	Retransmission
	HARQ retransmission on configured grant resource upon cg-RetransmissionTimer expiration, assuming NACK if no ACK is received
	Only DCI based retransmission

	CG-DFI
	Support
	Not support

	CG-UCI 
	Support
	Not support 



From the Table 1, we can see CG-PUSCH enhancements in NR-U are quite different from URLLC. From our sight, the enhancements in NR-U and URLLC are not required to be mixed. For example, the HARQ process index in URLLC is calculated by other parameters, but it is up to UE implementation in NR-U since the HARQ process index is carried in CG-UCI anyway. There is no ambiguous. So it does not need to combine all the enhancements together. One simple way to harmonize two CG-PUSCH enhancements is reusing the existing parameter or introducing a new parameter to configure NR-U UL CG enhancements or URLLC UL CG enhancements that can be used by a UE
Proposal 4. Reuse the existing parameter or introduce a new parameter to configure NR-U UL CG enhancements or URLLC UL CG enhancements that can be used by a UE
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Regarding the period of UE-initiated COT (Tx_UE), it can be separately configured by higher layer singling
Proposal 2. The starting positions are given by the FFP. 
Proposal 3. Configure the un-overlapped COTs that are initiated by gNB and UE.
Proposal 4. Reuse the existing parameter or introduce a new parameter to configure NR-U UL CG enhancements or URLLC UL CG enhancements that can be used by a UE
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