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Introduction 
In 3GPP TSG RAN Meeting #88 [1], a new WID related to enhancements to industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) was approved. As part of the objectives of this working item (WI), the following aspects were included:
	· [bookmark: _Hlk26864288][bookmark: _Hlk47418307]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 context, the following agreements and conclusions related to the enhancements to enable URLLC to operate in the sub-6 GHz unlicensed band were made during the previous RAN1 meeting [2]:

	Agreements:
· For semi-static channel access mode,
· If sensing is needed, it is performed immediately before the configured/scheduled transmission opportunity.
· For operation with semi-static channel access, the Rel-16 random starting offsets for UL configured grants with Full BW allocation when UE initiates a COT, is not supported.

Agreements:
· For semi-static channel access mode,
· When gNB operates as an initiating device 
· The gNB is not allowed to transmit during the idle period of any FFP associated with the gNB in which the gNB initiates a COT
· When a UE operates as an initiating device 
· The UE is not allowed to transmit during the idle period of any FFP associated with the UE in which the UE initiates a COT
· When a UE shares a COT initiated by the gNB during an FFP associated with the gNB
· The UE is not allowed to transmit during the idle period of that FFP in which the UE shares the COT initiated by the gNB
· When the gNB shares a COT initiated by a UE during an FFP associated with the UE
· The gNB is not allowed to transmit during the idle period of that the FFP in which the gNB shares the COT initiated by the UE
· FFS whether/how to support additional restrictions to the idle period

Agreements:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode

Agreements:
· A UE initiates a COT in an FFP associated with the UE, if the UE transmits a UL transmission burst starting at the beginning of the FFP and ending at any symbol before the FFP’s idle period after a successful CCA of 9us immediately before the UL transmission burst.

Agreements:
· Conditions on the channel access procedures with respect to sensing duration and transmission gap for UE-initiated COT with UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles.

Agreements:
· UE-to- gNB COT sharing in semi-static channel access mode is supported.
· The gNB determines a COT in an FFP associated to a UE, that is initiated by the UE, if the gNB detects a UL transmission from the UE starting from the beginning of the FFP and ending before the idle period of the FFP.
· FFS details
· When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP.
· FFS whether/how UE to gNB COT sharing when the gap is >16us
[bookmark: _Hlk49462189]
Agreements:
For semi-static channel access mode, 
o    Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 
· FFS: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 

Agreements:
· For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters

Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.

Conclusion:
Further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U. Table 1 in R1-2005376 can be used as a starting point for the corresponding discussion and decision.




In this contribution, the following aspects will be discussed:	
a. Further details related to the framework to enable UE’s initiated channel occupancy time (COT) for semi-static channel access procedure;
b. Further details and considerations to harmonize the uplink (UL) configured-grant (CG) enhancements introduced in NR-U and URLLC during Rel.16.
Enhancements for URLLC in Unlicensed Spectrum 
Framework to Enable UE’s Initiated COT 
During Rel.16 NR-U, for the semi-static channel access procedure, it was agreed to enable only the gNB as an initiating device. Furthermore, the RRC parameter semiStaticChannelAccessConfig-r16 was introduced to configure the specific duration of the fixed frame period (FFP) denoted by  within which as mandated by the ETSI BRAN [3] an idle period equal to either 5% of  or 100 is observed, depending on which one is greater.
While this guarantees a robust and simple channel access framework, it may induce longer latencies mainly in case of LBT failures at gNB’s side. In fact, given that FFP can be only acquired by a gNB, in case of LBT failures both the gNB and the associated UEs will not be able to transmit for at least a FFP duration, which depending on the configuration may be up to 10ms, that is unacceptable for low-latency applications. 
In this matter, to overcome this issue, in Rel.17 one of the objectives is to enable a UE to operate as an initiating device for the semi-static channel access procedure. However, while enabling this feature particular attention is necessary in minimizing i) the possible mutual blocking among UEs and gNB, and ii) the increase in terms of contention that this may bring. Also it is important to highlight that this objective is also targeted with minimal specific impact.

While in general a device can operate either as a responding or as an initiating or simultaneously as both, when it operates as an initiating device it must perform the LBT procedure and assess that the channel is idle, before it can determine that a FFP is valid and it can transmit in that FFP. However, if the UE operates as a responding device within a gNB’s initiated COT and scheduling is properly done, so that a gap smaller than 16us exists between a DL and an UL burst, then no LBT may be needed by the UE within the gNB’s FFP. Notice that same applies when the UE operates as an initiating device, and the gNB as a responding device. While in general gaps larger than 16us should be avoided in all cases to minimize the LBT overhead, which is essential to reduce latency in the context of ultra-reliable and low latency applications, in reality these may occur as an error case, when for instance a transmission could not be performed or is not decodable. In this cases, if only gaps smaller than 16us are supported, this would lead to the complete loss of the FFP where a gap larger than 16us may occur, given that both the initiating and the responding device(s) may not be allowed to continue transmission any further within that FFP. Therefore, all devices would need to wait for the next valid FFP to resume the transmission, which may be unacceptable for some of the targeted applications for URLLC.
[bookmark: _Hlk54359694]Proposal 1: While in general gaps larger than 16us should be avoided to minimize the LBT overhead, these should be also supported to avoid to increase latency in case a transmission cannot be performed or is not decodable.

With that said, while enabling UEs to operate as initiating devices allows to reduce the overall latency deriving from LBT failures, this may lead unintentionally to increase the level of contention among devices, if coordination among them and proper scheduling is not performed, since both the gNB and UEs may end up contending simultaneously for the medium. In this matter, given that the targeted scenario of URLLC operating in unlicensed spectrum is for controlled environments, where the LBT failures may be sparse, and the main reason why UE’s initiating COT is needed is to counterstrike the possible LBT failures at the gNB, this feature may be enabled only conditionally to the presence of an invalid gNB’s FFP. For instance, a UE may operate as an initiating device only if it assesses that for the current gNB’s FFP the LBT has failed, as illustrated in Figure 1. This would guarantee that the gNB and UEs may never contend the channel within a valid gNB’s FFP since an implicit coordination would take place between the two, and this would also allow to avoid any unnecessary overhead and large specification impact that an explicit indication from the gNB would require.
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Fig. 1 – Illustration of the UE’s initiating device conditional to the gNB’s failure to acquire a specific FFP 
[bookmark: _Hlk54359701]Proposal 2: A UE may operate as an initiating device within a gNB’s FFP only in case that FFP is not valid. A valid FFP is a FFP for which the initiating device has succeeded to perform the LBT procedure and has accessed that the channel is idle within the latest IDLE period.

In previous RAN1 meeting [2], it was agreed that the start of the FFP for a UE-initiated COT can be different from the FFP of a gNB’s initiated COT. However, it was left for further study to identify whether the set of FFP values used in case a UE is the initiating device or the gNB is the initiating device would be the same or not, and whether these would be indicated separately. From our perspective, using the same set of values for both UE’s and gNB’s initiated COT has the only advantage that no other RRC parameter would need to be introduced, since the RRC parameter period, which was defined in Rel.16, could be reused when enabling the UE to operate as an initiating device. However, this may have two main drawbacks:
1. It highly restricts the flexibility in handling traffic imbalance between the UL and the DL.  
2. There is in general higher loss in terms of spectral efficiency compared to the case when the UE’s and gNB’s FFP are different. This is due to the fact that no transmission is allowed within the IDLE period of the two devices, and unless the IDLE periods are overlapping the cumulative IDLE period would be always larger for the case when the two FFPs are the same. As an example, let’s consider two cases: i) both gNB and UE have a FFP of length 10ms, and ii) a gNB has a FFP of 10 ms, while a UE has a FFP of 2.5 ms. Also let us assume that an offset is applied between the FFPs of the two devices as depicted in Figure 2. As it is possible to notice, in the first case the total unused period due to the mandatory IDLE periods would be 1 ms (i.e., 10% of the FFP), while in the second case the total unused period would be only 0.875 ms (i.e, 8.75% of the FFP).
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Fig. 2 – Illustration of the disadvantage of having same FFP value between the gNB and UE.  
[bookmark: _Hlk54359707]
Proposal 3: The set of FFP values for a UE operating as an initiated device can be different from that for a gNB’s initiated COT, and the two sets of values are signalled separately. 
In this context, during the previous meeting [2], it was left for further study on whether the UE’ FFP should be explicitly signalled or implicitly determined based on other higher layer parameters, if the UE’s and gNB’s FFP would be different. Given that reusing the parameters introduced for another functionality to indicate the UE’s FFP may either limit the full use of that functionally, or more importantly the set of values that can be used by the UE, which are already restricted by the regulatory requirements, it is preferable to introduce a new RRC parameter to explicitly configure the UE’s FFP, and further discussion may be needed to identify the exact values to adopt.
[bookmark: _Hlk54359711]Proposal 4: A new RRC parameter is introduced to explicitly configure the UE’s FFP. FFS: the exact values to adopt.
In previous RAN1 meeting [2], it was agreed that UL to DL sharing COT is also supported for the semi-static channel access mode. Furthermore, it was agreed that a gNB would be allowed to transmit within a UE’s initiated COT only upon assessing that a COT has been indeed initially acquired by the UE by performing a presence detection of an UL transmission. In this matter, since it is not customary in RAN1 to describe the gNB’s behaviour, and since this could be achieved in many different ways that would affect the gNB’s implementation, it may be preferred to leave up to gNB on how to determine whether a UE’s FFP is valid or not, similarly as for the DL to UL sharing COT mechanism for the semi-static channel access mode in Rel.16.
[bookmark: _Hlk54359720]Proposal 5: Before a gNB can transmit within a UE’s FFP, it is up to gNB on how to determine whether a UE’s FFP is valid or not. A valid FFP is a FFP for which the initiating device has succeeded to perform the LBT procedure and has accessed that the channel is idle within the latest IDLE period.
As mentioned above, during Rel.16 RAN1 agreed that for semi-static channel access mode only a gNB can operate as an initiating device. For this matter, Rel.16 only supports PRACH transmissions within a gNB’s initiated COT, and any PRACH resources that overlap with the gNB’s IDLE period are considered invalid. Given that this could be very limiting and detrimental in terms of latency if a gNB is not able to acquire a FPP where PRACH resources are scheduled, it may be beneficial to enable a UE from operating as an initiating device for some of the steps of the PRACH procedure. However, when enabling this behaviour, under similar considerations and motivations listed along this document, some coordination among the UE and the gNB is needed. 
For msgA and msg1 in the 2-step and 4-step RACH procedure, respectively, no explicit or implicit indication from the gNB to the UE is possible for the matter of coordinating with the UE on when to operate as an initiating device. The main issue that is that even with implicit coordination (e.g., a UE may operate as an initiating device when transmitting msgA or msg1 only within an invalid gNB’s FFP) the UE may still need to assess whether a FFP is valid on not. However, at this stage the UE may not know exactly where the DL transmission may occur. Therefore, the assessment of valid or invalid FFP may be only performed through blind presence detection in some portions of the gNB’s COT right before the RACH occasion, which may lead to a false assessment, if the DL transmission may occur somewhere else within the COT. If for both msgA and msg1 transmission a UE is only allowed to operate as a responding device, a wrong assessment of the validity of a gNB’s FFP may lead in the worst case to the UE from not transmitting. On the other hand, if for both msgA and msg1 transmission a UE is allowed to operate as an initiating device within an invalid gNB’s FFP, a wrong assessment of the validity of a gNB’s FFP may lead in the worst case to the UE initiating its own COT and not only colliding with the gNB, but more importantly violating the regulatory requirements dictated by the ETSI BRAN [3].
For what concern the transmission of the HARQ-ACK information related to msgB for the 2-step, it is instead possible for a UE to be instructed implicitly or explicitly by the gNB through the use of msgB on whether to operate as an initiating device or not in the following UE’s FFP. Similar, approach may be also used for enabling a UE from operating as an initiating device when transmitting msg3, since msg2 may be used by the gNB to coordinate with the UE on how this should transmit.
[bookmark: _Hlk54359726]Proposal 6: For 2-step RACH procedure and for semi-static channel access mode, a UE is allowed to initiate its own FFP at least when transmitting the HARQ-ACK feedback information for msgB.
Proposal 7: For 4-step RACH procedure and for semi-static channel access mode, a UE is allowed to initiate its own FFP at least for a msg3 transmission.
In previous RAN1 meeting [2], it was agreed that for semi-static channel access mode, the FFP parameters for a UE operating as an initiating device are provided to the UE by at least dedicated RRC signalling. However, it was left for further study on whether this information should be also carried or not in SIB-1. Given the considerations provided above regarding enabling a UE from operating as an initiating device to transmit the HARQ-ACK feedback information for msgB or msg 3, SIB-1 should indeed carry information regarding both the UE’s FFP and the offset between UE’s and the gNB’s FFP. This is requires so that the UE would be aware of these fundamental information, and able to effectively operate as an initiating device when instructed to do so during some of the steps of the PRACH procedure. 
[bookmark: _Hlk54359730]Proposal 8: UE’s FFP parameters are provided within SIB1 
Harmonization of the UL CG Enhancements

Together with enabling a UE from operating as an initiating device, an additional objective of this WI lies into harmonizing the enhancements made in Rel.16 for the UL CG design between URLLC and NR-U, given that these have been introduced having in mind different requirements.
In previous RAN1 meeting [2], it was agreed that for operation in shared spectrum the configuration of the cg-RetransmissionTimer is up to the network, meaning that two modes of operation may be potentially available: one that reuses completely the NR-U enhancements and one that allows all the enhancements made in Rel.16 for URLLC to be potentially used in unlicensed spectrum. For the later, it is still unresolved on whether the CG-UCI should be used or not, and whether to reuse the retransmission method establish in NR-U or reuse that from URLLC. 
For the CG-UCI, this has been introduced in Rel.16 to enable a more “UE-centric” design, where given a certain time-domain resource assignment (TDRA), the UE has the freedom to transmit on its own. To combat latency deriving from possible LBT failures, the UE autonomously selects the HARQ-ID from a given set and indicates this information within the CG-UCI together with the RV used, which is also up to UE. The CG-UCI also carries the NDI information, which is mainly used by the gNB to discern a new transmission from a retransmission, and more importantly information that are necessary to enable the UE’s COT sharing procedure. Moving forward to Rel.17, when the cg-RetransmissionTimer is not configured, if CG-UCI us used, this may become the bottleneck for applications that require high reliability. However, on the other hand, avoiding to carry the CG-UCI information may impact the UE’s COT sharing procedure as well as the ability of the UE to autonomously transmit and more importantly chose its own HARQ-ID, which is a fundamental component introduced as mentioned above so that to limit latency in case of LBT failures. In fact, if HARQ-ID is no longer picked by the UE, but associated at the UE based on the resource utilization, and CG periodicity, in case of LBT failure a UE may need to postpone a transmission/retransmission associated with a specific HARQ-ID until a FFP lying in the following CG period or resources for which that HARQ-ID is associated to, which may lead to a very detrimental impact on the system performs in terms of latency. 
As for the retransmission method established in NR-U, this has been introduced on the basis of the Rel.15 feLAA design with the aim to allow the UE to perform retransmission at the earliest opportunity to cope with possible increased latency deriving from the LBT failures. In this matter, the DFI-DCI has been also introduced as an enabler of this feature, and also provides indication to the UE on the un-used HARQ-ID that this can use. Moving forward to Rel.17, when the cg-RetransmissionTimer is not configured, the DCI-DFI may lose its meaning if the HARQ-ID is deterministically evaluated based on the CG periodicity and resource utilization, and in the context of semi-static channel access mode may not be needed any further for the contention window size adjustment for Type 1 LBT. However, in cases when LBT may fail, the retransmission method established in NR-U and the DFI-DCI may be still highly useful in reducing the latency deriving from it.
With that said, in this case it may be beneficial if the use of the CG-UCI and the NR-U retransmission procedure, including the use of DCI-DFI, may be up to the network, so that this may decide on whether it is appropriate to use them or not based on the use case and applications. In the case, if the CG-UCI is carried, and NR-U retransmission procedure is used, the HARQ-ID determination and COT-sharing procedure used would be that of NR-U, and when the CG-UCI is not transmitted and the NR-U retransmission procedure is not used, the URLLC design could be reused. 
Proposal 9: When cg-RetransmissionTimer is not configured, it is up to gNB’s on whether CG-UCI is carried or not and whether to use the NR-U retransmission procedure or not, including the use of DCI-DFI.
In the context of harmonizing URLLC and NR-U, it is important to note that different repetition schemes have been introduced within the two WIs. In URLLC, type A and type B repetitions schemes have been introduced, while in NR-U the type B repetition scheme adopted in Rel.16 URLLC has been used as a baseline, but two new RRC parameters (e.g., Cg-nrofPUSCH-InSlot-r16 and Cg-nrofSlots-r16) have been introduced to allow multi-transport block (TB) transmission within a period to better utilize the maximum channel occupancy time (MCOT), and a framework that would prevent as much as possible gaps between CG-PUSCH transmissions, so that to limit LBT overhead.
 
For the type A repetition scheme, each CG-PUSCH repetition is associated to a slot, so that N repetitions are spread across N slots. For this repetition scheme, the gaps among CG-PUSCH transmissions are unavoidable in the majority of configurations, which make this scheme unsuitable for unlicensed operation given the mandatory requirement of performing LBT if a gap is larger than 16us, which may lead in many cases in unacceptable LBT overhead, and lowered performances in terms of both reliability and latency. Figure 3 provides an example of type A repetition scheme operated in unlicensed band.
[image: ]
Fig. 3 – Illustration of type A repetition scheme operated in unlicensed band.  
It is also important to note, that even if further enhancements are applied to this repetition scheme, the issues highlighted above may not be solved unless the paradigm and framework on which this scheme is based on is modified (e.g., multiple CG-PUSCH transmissions per slot).
Observation 1: Even if Type A is further enhanced for unlicensed operation, LBT overhead may be still unacceptable for URLLC use cases, given that gaps across slots are often unavoidable.
As for the type B and the NR-U repetition schemes, given that the later has been developed using the first as a baseline, it may be beneficial to enhance both of them so that to converge to a common repetition scheme. It  is important to highlight here that these two repetition schemes fundamentally differ over only two aspects: i) despite of the NR-U repetitions scheme, segmentation is allowed in the type B repetition scheme to further reduce latencies across repetitions ; ii) multi-TB transmission is allowed in the NR-U repetition scheme so that to fully utilize the MCOT available.
Proposal 10: Both the NR-U’s repetition scheme and Type B repetition scheme from Rel.16 URLLC design should be further enhanced, potentially to converge into a single repetition scheme. 
As mentioned above, for type B repetition scheme, the concept of segmentation has been introduced to further reduce latencies across repetitions. In this matter, in Rel.16 URLLC if a PUSCH transmission occurs across a slot boundary, this is separated into two actual repetitions. In this matter, independently of whether the cg-RetransmissionTimer is configured or not, if CG-UCI is carried or configured to be used, given that it contains fundamental information for decoding the UL-SCH carried in each CG-PUSCH transmissions, then this should be always carried in every transmission. Therefore, in case segmentation and CG-UCI are both used, then CG-UCI should be carried in every actual repetition.
Proposal 11: When segmentation is applied to a PUSCH transmission occurring across a slot boundary and when CG-UCI is configured to be transmitted, this is included in every actual repetition.
In the context of segmentation applied in the repetition schemes, it is also important to note that depending on the SLIV and number of repetitions, a PUSCH may be spanning across a slot boundary and furthermore either the part of PUSCH within the initial slot or the part of the PUSCH within the following slot may be only one symbol long. According to Rel.16, in the case a single symbol transmission, called orphan symbol, may occur, the UE can discharge it. While this is helpful in URLLC, if this occurs when operating in unlicensed band this may be highly disruptive given that this would lead to performing an additional mandatory LBT, which may have detrimental impact on the system performance in terms of latency and reliability. Therefore, how to prevent a UE from performing an additional LBT due to the occurrence of an orphan symbol should be discussed in RAN1.
Observation 2: When operating in unlicensed spectrum, the orphan symbol deriving from segmentation is highly detrimental for transmissions within either a UE or a gNB’s initiated COT.  Therefore, RAN1 should discuss how to prevent a UE from performing an additional LBT due to the occurrence of an orphan symbol. 
Finally, in Rel.16 URLLC, two new DCIs have been defined: DCI 0_2 and DCI 1_2. These two new DCIs have been introduced so that to enable configuration of fields of DCI formats, which are more suitable for scheduling and traffic subject to tight latency and reliability requirements. In the context of harmonizing the CG design between URLLC and NR-U, when the DFI-DCI is supported to combat the latency deriving from the LBT failures, it would be also beneficial to carry a configurable field with the DFI information within DCI format 0_2, which is more suitable for low latency and high reliability applications.
Proposal 12: DCI 0_2 should be enhanced to carry a configurable field with the DFI information.
Conclusion
In this contribution, we discussed several aspects related to the UL enhancements for URLLC operating in unlicensed spectrum, and made the following proposals:
Proposal 1: While in general gaps larger than 16us should be avoided to minimize the LBT overhead, these should be also supported to avoid to increase latency in case a transmission cannot be performed or is not decodable.
Proposal 2: A UE may operate as an initiating device within a gNB’s FFP only in case that FFP is not valid. A valid FFP is a FFP for which the initiating device has succeeded to perform the LBT procedure and has accessed that the channel is idle within the latest IDLE period.
Proposal 3: The set of FFP values for a UE operating as an initiated device can be different from that for a gNB’s initiated COT, and the two sets of values are signalled separately. 
Proposal 4: A new RRC parameter is introduced to explicitly configure the UE’s FFP. FFS: the exact values to adopt.
Proposal 5: Before a gNB can transmit within a UE’s FFP, it is up to gNB on how to determine whether a UE’s FFP is valid or not. A valid FFP is a FFP for which the initiating device has succeeded to perform the LBT procedure and has accessed that the channel is idle within the latest IDLE period.
Proposal 6: For 2-step RACH procedure and for semi-static channel access mode, a UE is allowed to initiate its own FFP at least when transmitting the HARQ-ACK feedback information for msgB.
Proposal 7: For 4-step RACH procedure and for semi-static channel access mode, a UE is allowed to initiate its own FFP at least for a msg3 transmission.
Proposal 8: UE’s FFP parameters are provided within SIB1 
Proposal 9: When cg-RetransmissionTimer is not configured, it is up to gNB’s on whether CG-UCI is carried or not and whether to use the NR-U retransmission procedure or not, including the use of DCI-DFI.
Observation 1: Even if Type A is further enhanced for unlicensed operation, LBT overhead may be still unacceptable for URLLC use cases, given that gaps across slots are often unavoidable.
Proposal 10: Both the NR-U’s repetition scheme and Type B repetition scheme from Rel.16 URLLC design should be further enhanced, potentially to converge into a single repetition scheme. 
Proposal 11: When segmentation is applied to a PUSCH transmission occurring across a slot boundary and when CG-UCI is configured to be transmitted, this is included in every actual repetition.
Observation 2: When operating in unlicensed spectrum, the orphan symbol deriving from segmentation is highly detrimental for transmissions within either a UE or a gNB’s initiated COT.  Therefore, RAN1 should discuss how to prevent a UE from performing an additional LBT due to the occurrence of an orphan symbol. 
Proposal 12: DCI 0_2 should be enhanced to carry a configurable field with the DFI information.  
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