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Introduction
In this Work Item [1], the following part is included in the objective.

· 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, uplink enhancements for URLLC in unlicensed controlled environments are discussed.

Unlicensed controlled environments
Operation in unlicensed controlled environments is considered in Rel-17 URLLC. According to the WID [1], an unlicensed controlled environment is assumed to be one where “only devices operating on the unlicensed band installed by the facility owner and where unexpected interference from other systems and/or radio access technology only sporadically happens”. It may be assumed that only NR gNBs and UEs exist in a certain area (e.g. inside a factory hall), while unexpected interference comes from other RAT devices outside the area (e.g. outside the factory hall). In such an environment, the gNB and the UE (especially on the edge of the area) only sporadically fail to acquire COT.
Observation 1: In an unlicensed controlled environment, the gNB and the UE sporadically fail to acquire COT due to unexpected interference.

Support for UE-initiated COT for FBE
In Rel-16 NR-U, FBE operation is supported in the case that “the absence of any other technology sharing a channel can be guaranteed on a long-term basis (e.g. by level of regulation)”. Since no uncontrolled device exists in such environment, LBT failure never occurs. Since the gNB always acquire COT, FBE operation could be similar to licensed operation. However, in an unlicensed controlled environment, as discussed in the previous section, the gNB sporadically fails to acquire COT.
The Fixed Frame Period (FFP) can be configured with a value from 1 msec to 10 msec. Long FFP has the benefit that data and the corresponding HARQ-ACK can be contained within the same COT in most cases. In addition, by using FFP with a value of 2msec or more, resource utilization could be maximized since the idle period is determined as max(0.05*FFP, 100 usec). On the other hand, long FFP causes high transmission latency in the case that COT couldn’t be acquired due to LBT failure because a device has to wait until the next boundary of FFP before it can transmit. Therefore, from the low latency perspective, short FFP is desirable.
[bookmark: _GoBack]To cope with such tradeoffs, configurability to set different FFPs between gNB and UE would be beneficial. Figure 1 shows an example of different FFPs between gNB and UE where the gNB’s FFP is 2 msec and the UE’s FFP is 1 msec. In an unlicensed controlled environment, unexpected interference from other RATs happens sporadically. Due to LBT failure by the unexpected interference, the gNB and UE may stop transmission. In this case, if the UE’s FFP is shorter than the gNB’s FFP, the UE has more opportunities to access the channel. This contributes to maintain low latency operation.
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Figure 1. Different Fixed Frame Period between gNB and UE
Proposal 1: Support configurations of different Fixed Frame Period between UE-initiated COT and gNB-initiated COT.

In Rel-16 NR-U LBE, 2 types of UE-to-gNB COT sharing are supported. When ul-toDL-COT-SharingED-Threshold is not configured, DL transmission in shared COT cannot include any unicast transmissions with user plane data. On the other hand, when ul-toDL-COT-SharingED-Threshold is configured, DL unicast transmission that includes user plane data can be transmitted to the COT-initiating UE on the shared COT.
If UE-initiated COT is supported in FBE, it is straightforward to support UE-to-gNB COT sharing in FBE. Allowing DL unicast transmission with user plane data on the shared COT would be beneficial for URLLC operation because this would allow a UE-initiated COT to be efficiently utilized.
Proposal 2: UE-to-gNB COT sharing in FBE should be supported.

Harmonizing UL configured-grant enhancements in NR-U and URLLC
In Rel-16, since CG enhancements in NR-U and URLLC were separately discussed, some features were not considered together. This section compares CG operation between NR-U and URLLC.
CG retransmission 
For Rel-16 URLLC, as well as for Rel-15, PUSCH transmitted on CG resource is retransmitted using an UL grant that indicates the same HARQ process number of the PUSCH that is to be retransmitted.
For Rel-16 NR-U, to cope with LBT impact, CG-DFI and a retransmission timer are introduced. In addition to the retransmission indication by UL grant, the UE retransmits CG-PUSCH when HARQ-ACK corresponding to the CG-PUSCH is indicated as ‘NACK’ in CG-DFI or the retransmission timer expires.
In the case of URLLC operation in an unlicensed controlled environment, for a gNB and a UE which rarely detect interference from another RAT, since most of the HARQ-ACK results are ‘ACK’, given that the URLLC requirement is to be met, explicit ACK feedback via CG-DFI is no longer necessary. If explicit ACK feedback is not applied, retransmission behavior using a retransmission timer should also be disabled. On the other hand, for another gNB and a UE which suffer from strong unexpected interference, in line with the NR-U assumption, applying a retransmission timer and CG-DFI would be beneficial.
Observation 2: For an unlicensed controlled environment, retransmission timer and CG-DFI are necessary for UEs which suffer from unexpected interference, while retransmission timer and CG-DFI are not necessary for other UEs which don’t suffer from the unexpected interference.
HARQ process, NDI, and RV of CG-PUSCH
For Rel-16 URLLC, as well as for Rel-15, the HARQ process number is configured by ConfiguredGrantConfig. Since CG-PUSCH always contains a new data transmission, NDI is not indicated. RV is always set to 0 for the non-repetition case, while the RV pattern configured by repK-RV is applied for repetition case.
For Rel-16 NR-U, to support autonomous PUSCH retransmission using CG resource, CG-UCI is introduced. The UE can select new data transmission or retransmission and indicate this to the gNB using CG-UCI which contains at least a 4 bits HARQ process number, 2 bits RV, and 1 bit NDI. CG-UCI is carried in every CG-PUSCH.
In the case of URLLC operation in an unlicensed controlled environment, CG-UCI is also beneficial to allow flexible CG-transmission in an environment where interference sporadically happens. However, for a UE for which LBT failure rarely occurs, CG-UCI is not necessary. For such a UE, considering the URLLC requirement, the overhead reduction available by eliminating the CG-UCI may be more desirable than having a highly flexible CG-transmission mechanism. Disabling of CG-UCI transmission or compact CG-UCI may be preferable for URLLC operation.
Observation 3: For an unlicensed controlled environment, CG-UCI is necessary for UEs which suffer from unexpected interference, while CG-UCI is not necessary for other UEs which don’t suffer from the unexpected interference.
CG transmission when SFI is not received
In Rel-16 NR-U, to increase UL transmission opportunities outside a gNB’s COT, new UE behavior when SFI is neither detected nor received was introduced. If a UE is so configured by RRC, even when SFI is neither detected nor received, the UE can transmit configured UL transmissions, including CG-PUSCH, on symbols where a semi-static TDD configuration indicates ‘F’.
On the other hand, in Rel-16 URLLC, for CG-PUSCH using Type B PUSCH repetition, if a configured SFI is neither detected nor received, an actual PUSCH repetition is not transmitted if it collides with semi-static Flexible symbols.
Hence, it may be beneficial that the two different UE behaviours for interactions with SFI can be configured to suit the scenario.  This can be done by enabling or disabling of the Rel-16 NR-U behavior in the RRC parameter enableConfiguredUL.
Observation 4: New behavior for configured UL transmission when SFI is not received has been made configurable in Rel-16.
Type B PUSCH repetition
In Rel-16 URLLC, to reduce latency especially for short duration PUSCH, type B PUSCH repetition is supported. In type B PUSCH, repetition is allowed to be allocated across slots by applying PUSCH segmentation.
For Rel-16 NR-U, only type A PUSCH repetition is considered. It is not allowed to allocate CG resource across slots.
Observation 5: Rel-16 NR-U didn’t consider type B PUSCH repetition.
Time domain CG resource
In Rel-16 NR-U, to increase transmission opportunities in the time domain, in addition to periodicity and slot offset, allocating consecutive CG resource is introduced. By configurating the number of consecutive slots (cg-nrofSlots) and the number of consecutive CG resources within a slot (cg-nrofPUSCH-InSlot), back-to-back CG resource can be configured.
In Rel-16 URLLC, by applying type B PUSCH repetition, which is discussed in the above, back-to-back CG resource allocation is realized.
If type B PUSCH repetition in Rel-16 URLLC and consecutive CG resource are simultaneously configured, the CG resource may overlap. In the case of URLLC operation in an unlicensed controlled environment, we may need to discuss whether type B PUSCH repetition and consecutive CG resource allocation can be simultaneously configured and how to apply them when both type B PUSCH repetition and consecutive CG resource are simultaneously configured.
Observation 6: If Type B PUSCH repetition is supported for unlicensed URLLC operation, harmonization with consecutive CG resource allocation may need to be considered.
Multiple active CG configuration
In Rel-16 URLLC, to have more opportunities to start transmission, multiple active CG configuration is supported. In type 2 CG, the CG configuration index is indicated using the HARQ process number field for activation/deactivation of the CG.
Also, in Rel-16 NR-U, to have more opportunities in multiple LBT sub-bands, multiple active CG configuration is supported, which was agreed in the RAN2#107bis meeting [2]. The same mechanism as URLLC is applied to NR-U.
Observation 7: Multiple active CG configuration is supported for both NR-U and URLLC.
L1 priority indication
In Rel-16 URLLC, to handle prioritization of data in the lower layer, L1 priority indication is introduced. For CG, L1 priority (phy-PriorityIndex) is associated with the CG configuration. This configured L1 priority of CG-PUSCH is used at least for PHY-layer collision handling.
If PUSCH can be transmitted using any CG resources configured by multiple active CG configuration, it may be necessary to discuss how to indicate L1 priority.
Observation 8: How to indicate L1 priority can be considered for unlicensed URLLC operation
Table 1 shows a summary of the above discussions.
Table 1. Summary of CG in comparison between NR-U and URLLC
	
	Rel-16 NR-U
	Rel-16 eURLLC

	Trigger for retransmission of CG-PUSCH
	UL grant is received,
Or HARQ-ACK in CG-DFI is indicated as ‘NACK’,
Or retransmission timer expires
	UL grant is received

	Retransmission on CG resource
	New transmission or retransmission can be selected by UE on CG resource and reported to gNB via NDI in CG-UCI.
	New transmission is always performed on CG resource

	HARQ process number
	HARQ process number is selected by UE and reported to gNB via CG-UCI
	HARQ process number is associated with CG configuration and starting symbol of CG resource.

	RV
	RV is selected by UE for non-repetition and reported to gNB via CG-UCI.
It is still under discussion for repetition.
	RV is always set as ‘0’ for non-repetition.
RV is set by RRC parameter repK-RV for repetition.

	UE behavior when SFI is not received
	CG-PUSCH can be transmitted on ‘F’ symbols if configured, CG-PUSCH cannot be transmitted on ‘F’ symbols otherwise
	CG-PUSCH cannot be transmitted on ‘F’ symbols if SFI is not detected, otherwise it follows the SFI indication.

	Type B PUSCH repetition
	Not supported
	Supported

	CG resource configuration in time domain
	Periodicity + slot offset + the number of consecutive slots + the number of consecutive CG resources in a slot
	Periodicity + slot offset

	Multiple active CG configuration
	Supported 
	Supported

	L1 priority
	Not supported
	Supported



Proposal 3: Configurability of the NR-U CG feature (e.g. CG-DFI and CG-UCI) should be considered in an unlicensed controlled environment.
Proposal 4: URLLC CG features (e.g. L1 priority and Type B PUSCH repetition) should be supported in unlicensed operation.

Conclusions
In this contribution, based on the above discussion, we have the following observations and proposals:
Observation 1: In an unlicensed controlled environment, the gNB and the UE sporadically fails to acquire COT due to unexpected interference.
Observation 2: For an unlicensed controlled environment, retransmission timer and CG-DFI are necessary for UEs which suffer from unexpected interference, while retransmission timer and CG-DFI are not necessary for other UEs which don’t suffer from the unexpected interference.
Observation 3: For an unlicensed controlled environment, CG-UCI is necessary for UEs which suffer from unexpected interference, while CG-UCI is not necessary for other UEs which don’t suffer from the unexpected interference.
Observation 4: New behavior for configured UL transmission when SFI is not received has been made configurable in Rel-16.
Observation 5: Rel-16 NR-U didn’t consider type B PUSCH repetition.
Observation 6: If Type B PUSCH repetition is supported for unlicensed URLLC operation, harmonization with consecutive CG resource allocation may need to be considered.
Observation 7: Multiple active CG configuration is supported for both NR-U and URLLC.
Observation 8: How to indicate L1 priority can be considered for unlicensed URLLC operation

Proposal 1: Support configurations of different Fixed Frame Period between UE-initiated COT and gNB-initiated COT.
Proposal 2: UE-to-gNB COT sharing in FBE should be supported.
Proposal 3: Configurability of the NR-U CG feature (e.g. CG-DFI and CG-UCI) should be considered in an unlicensed controlled environment.
Proposal 4: URLLC CG features (e.g. L1 priority and Type B PUSCH repetition) should be supported in unlicensed operation.
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