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1. Introduction

In the last RAN plenary #88-e meeting, the scope for Rel-17 IIoT/URLLC has been updated, and the following objective about uplink enhancements for URLLC over shared spectrum has been added [1]:
	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 paper, we will discuss the potential RAN2 impacts as well as the way forward in RAN2 related to URLLC in unlicensed controlled environments.
2. Discussion
2.1 Necessity of clarification for unlicensed controlled environment
First of all, it shall be noted that the objective is for uplink enhancements for URLLC in unlicensed controlled environment. It is not clear what unlicensed controlled environment exactly means from specification perspective. In [2], for FBE, it describes that if the absence of any other technology sharing, a channel can be guaranteed on a long-term basis, e.g. by level of regulation, the gNB can configure UE(s) to perform semi-static channel access. Similarly, does the controlled environment mean that regulation will guarantee there is no other technologies sharing the same spectrum in the same deployment area? Or it means that, if there is no regulation, either the operator or the factory owner can guarantee the presence of only sporadic interference on URLLC operation over the shared spectrum, e.g. the probability of LBT failure will be lower than a certain threshold. Is it a common understanding that there is no need to have a clear definition of the controlled environment in the specification and all the discussion in RAN2 is based on the assumption that, with the additional latency introduced, the latency requirement of URLLC service can still be fulfilled? Since the understanding of unlicensed controlled environment would have impacts on the approaches of harmonizing UL configured grant enhancements in NR-U and IIoT/URLLC, e.g. whether it is feasible to apply every feature on CG enhancement introduced in NR-U to URLLC over unlicensed spectrum (considering the impact on latency caused by LBT), we propose RAN2 to discuss whether a clarification on the unlicensed controlled environment is needed or it is assumed the unlicensed environment is always under control.

Proposal 1: RAN2 to discuss whether a clarification on the unlicensed controlled environment is needed or it is assumed the unlicensed environment is always under control, considering additional delay caused by LBT.
2.2 UE-initiated COT for FBE
For the first bullet of the objective in WID, it focuses on the support for UE-initiated COT for FBE. In fact, UE-initiated COT shared with the network has already been discussed in Rel-16. It has been specified for CG PUSCH with dynamic channel access mode (UE-initiated COT for LBE). In CG-UCI, a field of COT sharing information can be included by the UE to indicate the network whether UE-initiated COT can be shared by the network.
UE-initiated COT is beneficial to the network. Through sharing the UE-initiated COT, the network can improve its opportunity to control and use the shared channel, which can improve the network throughput on shared spectrum. However, the Rel-16 specified UE-initiated COT for LBE has no impact on RAN2, except for RRC configurations. Similarly, it can be foreseen that UE-initiated COT for FBE will mainly affect RAN1, e.g. the design of UCI, etc. It is hard for RAN2 to evaluate and discuss the potential RAN2 impacts at this stage. We can wait for RAN’1 progress and conclusion for UE-initiated COT for FBE first, and then discuss the potential RAN2 impact based on, for example, RAN1’s LS.

Proposal 2: RAN2 can discuss the potential RAN2 impacts of UE-initiated COT for FBE after RAN1 has made progress first.

2.3 Harmonizing UL configured grant enhancements in NR-U and URLLC
The second bullet of the objective in WID focuses on the harmonizing UL configured grant enhancements in Rel-16 NR-U and Rel-16 URLLC, in order to support URLLC services over shared spectrum. In Rel-16, we have made some CG enhancements for NR-U WI as well as for IIoT/URLLC WI. Among these enhancements, some are common for both topics, while the others are specific for either NR-U or IIoT. In this paper, we try to list all the aspects related to CG enhancements introduced in Rel-16, and categorize the common aspects as well as the WI-specific aspects.
2.3.1 Common aspects on CG enhancements 
In Table-I, we list all the common aspects on CG enhancements for NR-U and IIoT/URLLC in Rel-16.
Table-I Common aspects on CG enhancements for NR-U and IIoT/URLLC in Rel-16

	
	Rel-16 NR-U and IIoT/URLLC

	Multiple active CG configurations in the same BWP
	A basic enhancement for configured grant in both Rel-16 NR-U and Rel-16 IIoT/URLLC is that multiple configured grant configurations can be configured and activated in the same BWP.

For IIoT, the maximum number of active CG configurations for a BWP is 12. Besides, at most 32 CG configurations are allowed to be configured per MAC entity.
For NR-U, the maximum number of active CG configurations per BWP has not been discussed. But since the same IE configuredGrantConfigToAddModList is used to configure multiple CG configurations per BWP for both NR-U and IIoT/URLLC, we think this enhancement is a common aspect.

	Joint de-deactivation for CG type-2
	Multiple CG type-2 configurations can be jointly deactivated by DCI. In the joint DCI, a ‘state’ can be included. The association between ‘state’ and the corresponding CG configurations for CG type-2 is configured via RRC.

	Confirmation enhancement for CG type-2
	A new confirmation MAC CE for CG type-2 is introduced, which includes a bit map payload. Each bit in the bitmap corresponds to a specific CG type-2 configuration. The MAC CE confirms the reception of (re-)activation/de-activation DCI.

	LCP restriction
	For IIoT/URLLC, a single LCH can be mapped to multiple CG configurations. Multiple LCHs can be mapped to a single CG configuration. In RRC spec, allowedCG-List is introduced in LogicalChannelConfig to implement such a restriction.
For NR-U, in the last RAN2 meeting, it was agreed that “For resolution of U652, confirm that LCP restrictions configured by allowedCG-List is only applicable to first transmission on CG grants.” This implicitly means that allowedCG-List can also be configured in NR-U.


Since these enhancements are common for NR-U and IIoT, we think they can be directly followed for URLLC over shared spectrum in Rel-17.
Observation 1: The common aspects on CG enhancement for NR-U and IIoT/URLLC in Rel-16 can be directly applied for URLLC over shared spectrum in Rel-17.
2.3.2 WI-specific aspects on CG enhancement 
In Table-II, we list and analyse all the WI-specific aspects on CG enhancement for NR-U and IIoT/URLLC in Rel-16.

Table-II Comparison of WI-specific aspects on CG enhancement for NR-U and IIoT/URLLC in Rel-16

	
	Rel-16 NR-U
	Rel-16 IIoT/URLLC

	HARQ process IDs sharing
	A common pool of HARQ processes can be shared by multiple configured grants of the same BWP. Parameter harq-procID-Offset can be configured for CGs to indicate the pool of HARQ processes.
	HARQ process cannot be shared by different CG in the same BWP. Parameter harq-procID-Offset2 can be configured for CGs for HARQ process ID differentiation.

	HARQ process ID determination
	No specific relationship between CG occasions and HARQ process IDs. For a CG, UE implementation selects its corresponding HARQ process ID among the HARQ process IDs available for the configured grant configuration. The selected HARQ process ID is carried by CG-UCI.
	There is specific relationship between CG occasions and HARQ process IDs. For a CG occasion, HARQ process ID is derived from the equations specified in TS 38.321. For example, when harq-procID-Offset2 is configured for a CG, the HARQ process ID associated with a CG occasion is derived from:

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

	RV determination
	RV is determined by UE, including when repK>1. The determined RV is carried by CG-UCI.
	RV zero is used for initial transmission. For repetition, RV is associated with transmission occasions.

	Initial transmission failure

(MAC PDU has been generated but fails to transmit)
	Autonomous retransmission.

If the MAC PDU is generated for a CG, but LBT failure is indicated by the lower layer, the HARQ process is considered as pending. The TB can be retransmitted using a configured grant belonging the same or different configured grant configuration, as long as they are with the same TBS.
	Autonomous transmission.

For a CG, if the MAC PDU is generated but the CG is de-prioritized, the MAC PDU can be autonomously transmitted using the next CG occasion associated with the same HARQ process ID, if no retransmission grant is scheduled by the gNB.

	Retransmission
	Retransmission can be scheduled by the gNB with CS-RNTI.

Autonomous retransmission use configured grants: for a HARQ process, if configuredGrantTimer is running while cg-RetransmissionTimer is not running, the TB can be retransmitted using a configured grant belonging the same or different configured grant configuration, as long as they are with the same TBS.
	Retransmission is scheduled by the gNB with CS-RNTI.



	Repetition
	Initial transmission depends on the LBT outcome, and multiple consecutive slots are configured for the repetitions.
	PUSCH repetition Type B is introduced with support of repetition segmentation across slot boundary or invalid symbols.

	Feedback
	Support CG-DFI. 

For a HARQ process, if CG-DFI is received, stop the cg-RetransmissionTimer, if running.    If ACK is included, stop the configuredGrantTimer, if running.
	No feedback.



	Periodicity enhancement
	Not discussed.
	In Rel-15, some discrete periodicities are supported for CG. In Rel-16, in order to support TSC services with various traffic periods, CG can take any integer slots but no bigger than 640ms.


Based on the above comparison, we can find that for the same feature, the enhanced or existing CG enhancements for NR-U and IIoT/URLLC could be quite different, e.g. for the HARQ process ID determination or RV determination. During RAN plenary discussion, the general assumption is to adopt the IIoT CG enhancements for IIoT in unlicensed controlled environment. For URLLC over shared spectrum, LBT shall always be performed due to the regulatory restriction for the usage of shared spectrum. If the environment is absolutely controllable and the interference is “sufficiently” sporadic, then it is straightforward to adopt IIoT CG enhancements, e.g. without considering the impacts of LBT failure. 
So as starting point for Rel-17 URLLC over shared spectrum, for each CG feature, the IIoT enhancements can be taken as the baseline. However, if it can’t be assumed that the unlicensed environment is controlled in the sense that LBT could fail, then we need to use NR-U CG enhancements as fall-back. But if one NR-U CG enhancement will introduce too much extra delay, then the enhancement won't be suitable for IIoT/URLLC services. We think in case one NR-U CG enhancement won't introduce extra delay or the introduced delay can be negligible in unlicensed controlled environment, it can be considered for URLLC in unlicensed shared spectrum.

Proposal 3: For URLLC in unlicensed controlled environment, the Rel-16 IIoT CG enhancements are taken as the baseline.
Proposal 4: NR-U CG enhancements can be considered for URLLC over unlicensed spectrum in case they will introduce no or negligible extra delay.
3. Conclusion

In this contribution, we have discussed the way forward for RAN2 discussion related with URLLC in unlicensed controlled environments, and made the following observation and proposals:
Observation 1: The common aspects on CG enhancement for NR-U and IIoT/URLLC in Rel-16 can be directly applied for URLLC over shared spectrum in Rel-17.

Proposal 1: RAN2 to discuss whether a clarification on the unlicensed controlled environment is needed or it is assumed the unlicensed environment is always under control, considering additional delay caused by LBT.
Proposal 2: RAN2 can discuss the potential RAN2 impacts of UE-initiated COT for FBE after RAN1 has made progress first.

Proposal 3: For URLLC in unlicensed controlled environment, the Rel-16 IIoT CG enhancements are taken as the baseline.
Proposal 4: NR-U CG enhancements can be considered for URLLC over unlicensed spectrum in case they will introduce no or negligible extra delay.
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