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Introduction & Background

In RAN#88 e-Meeting, the work item for enhanced industrial internet of things (IoT) and URLLC has been further revised [1], the detailed objectives for URLLC in unlicensed band with control environment were further elaborated as below:
	[…]

2.   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


In this contribution, we will discuss the potential solutions for harmonization UL configured grant enhancements for NR-U and URLLC/IIoT introduced in Rel-16 and provide our preference.

Discussion
Rel-15 specified basic PUSCH transmission with configured grant (CG) mechanism and it further enhanced in Rel-16 URLLC/IIoT WI and Rel-16 NR-U WI. In general, the enhancements for UL CG configured in Rel-16 unlicensed band are mainly for reducing the negative impacts caused by LBT failure and it gives more flexibility for the UE to manage the CG transmissions. While for UL CG enhanced in Rel-16 URLLC/IIoT configured in licensed band targets for meeting the latency and reliability requirements for TSC traffic and supporting different priorities for traffic running at the UE side. With different purposes, the UL CG mechanisms for URLLC/IIoT and NR-U are also different. Table 1 gives a summary.

Table 1: Configured grant (CG) features supported in Rel-16 NR-U and Rel-16 URLLC/IIoT
	CG features
	Rel-16 URLLC/IIoT
	Rel-16 NR-U

	Multiple CG configurations
	Supported 
	Supported 

	HARQ process ID determination
	Associated with the first symbol of a UL transmission, calculated based on the equation defined in TS 38.321
	Decided by the UE and reported in CG-UCI 

	Management of HARQ process ID among multiple CG configurations
	Not shared among different CG configurations in the same BWP
	Can be shared among different CG configurations in the same BWP

	RV determination 
	One of the three RV sequence can be configured and associated with transmission occasion

{0,0,0,0}; {0,3,0,3}; {0,2,3,1}
	Decide by the UE and reported in CG-UCI

	Handling of CG timer
	CG timer is started when the TB is delivered to PHY even if the TB is deprioritized by PHY
	CG timer is not started if the TB is not transmitted on Uu due to LBT failure

	Priority of pending PDU
	The pending PDU may be de-prioritized by new data/SR if the latter has higher priority.
	The processes with TB pending for retransmission is prioritized over the processes for new transmissions.

	CG-Downlink feedback information (DFI)
	No support.
	Support, if CG-DFI indicates NACK for one HARQ process, UE is allowed to perform retransmission with the following available CG resources associated with the HARQ process. 

	CG re-transmission timer
	No support
	Support and always configured

	CG re-transmission scheme
	Only support re-transmission scheduled by the dynamic UL grant
	Support automatic retransmission (based on the CG re-transmission timer or DFI) on the same or different CG configuration (as long as they are with the same TBS with the same HARQ process) decided by UE, and support re-transmission scheduled by dynamic UL grant


As observed above, many UL CG features are different for the Re-16 NR-U and Rel-16 URLLC/IIoT. To accommodate CG for URLLC in unlicensed band, there are three options:

Option 1: only support URLLC/IIoT CG mechanism in unlicensed band

Option 2: NW can decide to use either URLLC/IIoT 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/IIoT CG mechanism. 

Option 1 is straightforward. Considering the URLLC operation in unlicensed band is under the controlled environments, it implies that the carrier quality on unlicensed band is comparable as that on licensed band. Therefore, the CG features of Rel-16 NR-U, which are introduced for overcoming unpredictable LBT failure, seems not necessary in controlled environments. It is reasonable to adopt the Rel-16 URLLC/IIoT CG mechanism in unlicensed band in Rel-17.

Option 2 is also simple and it provides some flexibility for the NW side. Depending on the scenario or traffic types running at the UE side, gNB can decide which mechanism to use. For example, one cell is deployed at the edge of the controlled environment, the UEs connected to the cell may experience LBT failure due to uncontrolled interference from outside, then the network may configure the cell to apply Rel-16 NR-U based CG features.
Option 3 is a little complex. More specification efforts are needed. Besides, it may not bring material benefits for URLLC in unlicensed band within controlled environment. 

Proposal: RAN2 to consider the following two solutions to support UL CG for URLLC in unlicensed band.

Solution1: only support Rel-16 URLLC/IIoT CG features in unlicensed band, since it works in controlled environment.

Solution2: NW can decide to use either Rel-16 URLLC/IIoT CG mechanism or Rel-16 NR-U CG mechanism in unlicensed band.   
Conclusion

In this contribution, we discussed potential solutions for harmonization UL configured grant enhancements for NR-U and URLLC/IIoT introduced in Rel-16.  The proposal is following:

Proposal: RAN2 to consider the following two solutions to support UL CG for URLLC in unlicensed band.

Solution1: only support Rel-16 URLLC/IIoT CG features in unlicensed band, since it works in controlled environment.

Solution2: NW can decide to use either Rel-16 URLLC/IIoT CG mechanism or Rel-16 NR-U CG mechanism in unlicensed band.   
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