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1	Introduction
The revised work item description for “Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR” was agreed at RAN#88-e [1]. 
Specifically, the objectives regarding the support of unlicensed operation on FR1, considering controlled environments, were defined as follows:
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

In this contribution we discuss further details about the UL enhancements for URLLC in unlicensed controlled environments which are part of the WI.

2	UL enhancements for URLLC in unlicensed band
2.1 NR/NR-U CG enhancements harmonization
The assumption for the WI is that the operation in the unlicensed spectrum occurs in a controlled environment, i.e. where interference from other systems is not expected. In that sense, as observed in [3] the possibility of LBT failure would depend on the deployment. If in a controlled facility it can be ensured that LBT failures will not occur, then NR IIoT based CG (defined primarily for licensed spectrum use) can potentially be employed without NR-U specific enhancements. While if potential LBT failures are considered, due to intra-system interference or sporadic interference from other RAT, it is beneficial for IIoT/URLLC to use the NR-U CG mechanisms, which were designed to overcome the impact of frequent LBT failures.
HARQ and COT sharing impact 
For the case where potential LBT failures are not considered and NR-U CG mechanisms are not utilized, the HARQ operation can follow NR IIoT Rel-16 design for CG. That includes HARQ process selection based on CG PUSCH timing, implicit HARQ-ACK feedback, etc. In that case, the UE wouldn’t need to indicate HARQ related information such as HARP Process ID, RV and NDI through CG-UCI. However, the CG-UCI is also used in NR-U for indicating COT sharing information, so the impact of exempting the UE to transmit CG-UCI when using NR IIoT Rel-16 based CG in unlicensed band is that gNB cannot make use of UE acquired COT.
Proposal 1: Two operation modes can be considered independently; NR IIoT Rel-16 based CG with NR based HARQ procedure and without CG-UCI, and NR-U based CG including CG-UCI and possibility of UE COT sharing.




Time domain consecutive allocations vs. Intra-slot repetition 
There are clear differences between the types of time domain resources allocation supported in NR-U CG and Rel-16 IoT:
· NR-U introduced support for an allocation of a burst of consecutive slots (cg-nrofSlots) and multiple CG PUSCH resources within a slot (cg-nrofPUSCH-InSlot) configured by RRC, 
· Rel-16 for IIoT introduced a support for PUSCH repetition type-B for intra-slot repetition including actual repetitions across slot boundary. 
At least, the use of PUSCH repetition type-B can be considered for unlicensed band operation, if no NR-U specific enhancements are used for the case of no potential LBT failure. The combined design of these features was left out of the scope of Rel-17 WI according the plenary discussions. 
Proposal 2: PUSCH repetitions type-B should be supported for unlicensed band operation when using NR IIoT Rel-16 based CG, without NR-U specific enhancements. FFS: required spec changes, if any. 

Proposal 3: The use of PUSCH repetition type-B together with NR-U based multi-slot allocations should not be considered.

Frequency Hopping for UL Wideband operation (>20 MHz) (at least if NR CG for controlled environment is considered):
As stated in 38.214, in case of resource allocation type 2, the UE transmits PUSCH without frequency hopping. This means that frequency hopping is not supported for unlicensed operation in UL using interlaced allocation. That restriction makes sense in case where unlicensed carriers have a BW of 20 MHz, since for interlaced allocation which occupies the whole frequency band, the benefits of frequency hopping in terms of frequency diversity would be rather small.
However, that restriction could be relaxed, at least for wideband operation, i.e. unlicensed carriers wider than 20MHz. In that case, frequency hopping could be allowed, such that a UE hops between self-contained allocations on different 20-MHz RB-sets.
Proposal 4: Frequency hopping can be considered for UL resource allocation type 2 in case of wideband (>20 MHz) operation.

CG-UCI and PUCCH multiplexing and prioritization
Rel-16 NR-U CG features include CG-UCI multiplexing with PUCCH when a PUCCH carrying HARQ-ACK overlaps with the CG-PUSCH within a PUCCH group if the higher layer parameter cg-UCI-Multiplexing is configured. Otherwise, if that parameter is not configured and the overlap occurs, the CG-PUSCH is skipped, i.e. the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information on a PUCCH transmission or on another PUSCH transmission according TS 38.213.
Rel-16 IIoT CG features include UCI enhancements which allow two HARQ-ACK codebooks of different priorities to be constructed. Separate PUCCH configurations for each priority are provided to the UE, and the priority is indicated in the scheduling DCI. 
We see that prioritization of UCI introduced in Rel-16 for licensed spectrum should also be considered in the case of unlicensed spectrum operation, including the case when CG-UCI is present and NR-U specific CG enhancements are used. The exact UE behavior for UCI prioritization in the presence of CG-UCI is FFS.
Proposal 5: PHY prioritization of HARQ-ACKs introduced in Rel-16 is supported also with NR-U CG. Interaction of CG-UCI and HARQ-ACK codebooks of different priorities is FFS.



2.2 On the support for UE-initiated COT for FBE
Channel access procedures for semi-static channel occupancy (a.k.a. FBE) are based on the concept of Fixed Frame Period (FFP). According to EN 301 893, FFP shall be within the range of 1 ms to 10 ms. An FFP consists of a semi-static channel occupancy time, followed by an idle period whose duration is at least 5% of the FFP, and anyway not less than 100 µs. Immediately before starting transmissions on an operating channel at the start of an FFP, the initiating device shall perform a CCA check during a single observation slot (9 µs). The operating channel shall be considered occupied if the energy level in the channel exceeds an energy detection (ED) threshold level. If the initiating device finds the operating channel(s) to be clear, it may transmit immediately. If the initiating device finds an operating channel occupied, then there shall be no transmissions on that channel during the next FFP. Introducing support for UE-initiated COT with FBE therefore requires the specification of a UE FFP.  
The duration of the UE FFP determines how often UL resources may be available for transmission. Therefore, it is expected to impact the latency of transmission when using e.g. UL CG and with UE-initiated COT with FBE. On the other hand, to reduce the number of LBT checks at the gNB when operating in a controlled environment, a gNB may prefer to operate with relatively long gNB FFP. 
Therefore we propose that at least the duration of the UE FFP and gNB FFP can be separately configured. It can be FFS whether the duration of the UE FFP is explicitly configured using SIB1 or RRC, or can be implicitly determined based on other configurations such as RACH configuration, UL CG configuration, etc.
Proposal 6: At least the duration of the UE FFP can be different from the duration of the gNB FFP. FFS whether the UE FFP duration is explicitly configured, or implicitly determined based on other configurations such as RACH configuration, UL CG configuration, etc. 
According to EN 301 893, an equipment may change its FFP, but it shall not do it more than once every 200 ms. Therefore, a UE may be allowed (at least once every 200 ms) to autonomously determine the start of the UE FFP. This could be done e.g. based on set of transmission opportunities configured by the gNB. Once the UE selects the start of the UE FFP, the UE FFP shall be fixed, at least for the next 200 ms. Alternatively, the start of the UE FFP can be semi-statically allocated. Allowing flexible start of the UE FFP can contribute to further reduction in latency of transmission in uplink when operating with UE-initiated COT. 
Proposal 7: Support flexible determination of the start the UE FFP by the UE based on gNB configuration.
Another point for discussion is whether there should be any relation between the UE FFP and the gNB FFP. For example, TS 37.213 already specifies that the gNB and UEs shall not transmit any transmissions at least during the idle period of the gNB FFP. This restriction should also apply to UE transmissions using UE FFP, to ensure fairness of channel access. 
For example, based on proposal 6 above, and assuming the gNB FFP has a longer duration than the UE FFP, it could be that only a certain number of UE FFPs can fit inside of one gNB FFP. However, this can likely be achieved via proper configuration of the UE and gNB FFP timing. Besides what is already specified in TS 37.213 about UE transmissions during the idle period of the gNB FFP, there is no need to specify additional restrictions on the UE FFP configuration in relation to the gNB FFP configuration. 
Proposal 8: No restrictions to UE FFP configuration based on gNB FFP configuration are introduced other than what is already specified in TS 37.213 regarding UL transmissions within the idle period of the gNB FFP.
In LBE, when scheduled to perform an UL transmission, the UE can always determine based on the LBT type indicated in the DCI, whether the corresponding PUSCH transmission is within a shared gNB COT (Type 2 LBT) or outside a shared gNB COT (Type 1 LBT). This provides additional robustness on top of determination of presence of gNB shared COT based on detection of other DL signal(s). For example, the UE may not perform additional checks if the DCI scheduling PUSCH transmission indicates a Type 2A/B/C LBT. If this property is to be maintained for FBE operation, RAN1 should discuss how the UE can determine, based on information in the DCI, whether a scheduled PUSCH transmission is within a shared gNB COT, or should be transmitted based on UE-acquired COT (i.e. UE FFP). 
[bookmark: _Toc415085486][bookmark: _Toc503902285]Proposal 9: A UE should be able to determine exclusively from information in the scheduling DCI, whether a scheduled PUSCH transmission should be transmitted according to shared gNB COT or UE-initiated COT. 

3	Conclusions
In this contribution, we discussed uplink enhancements for URLLC in unlicensed controlled environment.
The discussions can be summarized in the following observations and proposals:
NR/NR-U CG enhancements harmonization:
Proposal 1: Two operation modes can be considered independently; NR IIoT Rel-16 based CG with NR based HARQ procedure and without CG-UCI, and NR-U based CG including CG-UCI and possibility of UE COT sharing.
Proposal 2: PUSCH repetitions type-B should be supported for unlicensed band operation when using NR IIoT Rel-16 based CG, without NR-U specific enhancements. FFS: required spec changes, if any. 
Proposal 3: The use of PUSCH repetition type-B together with NR-U based multi-slot allocations should not be considered.
Proposal 4: Frequency hopping can be considered for UL resource allocation type 2 in case of wideband (>20 MHz) operation.
Proposal 5: PHY prioritization of HARQ-ACKs introduced in Rel-16 is supported also with NR-U CG. Interaction of CG-UCI and HARQ-ACK codebooks of different priorities is FFS.

On the support for UE-initiated COT for FBE
Proposal 6: At least the duration of the UE FFP can be different from the duration of the gNB FFP. FFS whether the UE FFP duration is explicitly configured, or implicitly determined based on other configurations such as RACH configuration, UL CG configuration, etc. 
Proposal 7: Support flexible determination of the start the UE FFP by the UE based on gNB configuration.
Proposal 8: No restrictions to UE FFP configuration based on gNB FFP configuration are introduced other than what is already specified in TS 37.213 regarding UL transmissions within the idle period of the gNB FFP.
Proposal 9: A UE should be able to determine exclusively from information in the scheduling DCI, whether a scheduled PUSCH transmission should be transmitted according to shared gNB COT or UE-initiated COT. 
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