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Introduction
[bookmark: _Ref129681832]In the RAN plenary meeting RP#88, the scope of the former Rel-17 WID on Enhanced Industrial Internet of Things (IoT) and URLLC Support in RP-19323 has been revised. The revised WID in RP-201310 entitled ‘Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR’ includes one objective on uplink enhancements for URLLC in unlicensed controlled environments.  A controlled environment is assumed to contain only devices operating on the unlicensed band installed by the facility owner and wherein unexpected interference from other systems and/or radio access technologies only sporadically happens. Details of the objective are as below:
	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 the previous meeting RAN1#102e, the following conclusions and agreements were achieved:
	
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 initates 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 initates 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:
· 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.

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
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. 
o    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



In this contribution, we further discuss the identified  issues related to the support for UE-initiated Channel Occupancy (CO) when the UE operates as a Frame-based Equipment (FBE) in the sub-7 GHz unlicensed spectrum, including signaling of the configuration parameters, CO sharing and interaction. We also discuss how to harmonize the UL configured grant (CG) enhancements in Rel-16 for NR-U and URLLC to support the operation in the controlled unlicensed environment, and whether a combination of such enhancements needs to be supported.
Discussion
Support for a UE initiating semi-static channel occupancy as an FBE
In NR-U Rel-16, gNB-initiated semi-static CO is supported and the associated channel access procedures for the initiating gNB and its responding UEs have been specified in Section 4.3 of TS 37.213 v16.2.0 [1] for operation in a channel in the shared (unlicensed) spectrum below 7 GHz. The support therein is specific to the scenario in which the absence of any other technology sharing the channel can be guaranteed on a long-term basis, e.g. by level of regulation.  For a gNB-initiated semi-static CO, the gNB provides UE(s) with the following higher layer parameters by SIB1 or dedicated configuration:
- ChannelAccessMode-r16 ='semistatic', and
-  provided in semiStaticChannelAccessConfig-r16 taking a value from {1, 2, 2.5, 4, 5, 10} ms 
[image: ]
Figure 1. gNB initiated semi-static channel occupancy in Rel-16 NR-U
As shown in Figure 1, a periodic CO can then be initiated by the gNB every  within every two consecutive radio frames, starting from the even indexed radio frame at  where . The maximum channel occupancy time (MCOT)  including any uplink transmissions by the UEs and switching gaps. No transmission by the gNB or the responding UEs is allowed within the idle period of the gNB frame defined as a set of consecutive symbols for a duration of at least  before the start of the next frame period. DL transmission burst(s) start at the beginning of a frame immediately after sensing the channel to be idle for at least 9us; if the CCA by the gNB fails at the beginning of the FFP, no transmission is allowed in that frame period, neither from the gNB nor from any associated UE. Also, additional DL transmission burst(s), other than the DL bursts transmitted to initiate the CO, can occur within the COT immediately after sensing the channel to be idle for at least 9𝑢𝑠 if the gap from any previous burst, DL or UL, is more than 16𝑢𝑠, while no channel sensing is required if the gap between the DL and UL transmission bursts is at most  We note that DL-UL COT sharing is thus supported such that a responding UE may also transmit UL transmission burst(s) after a DL transmission burst(s) within the COT without sensing the channel if the gap is at most . However, if the gap is more than , the UE needs to sense the channel to be idle for at least  within a  interval ending immediately before transmission.
In an unlicensed controlled environment, the absence of devices operating as an LBE (or dynamic channel access) can be guaranteed on a long-term basis. As such, if a gNB configures a UE to initiate its own channel occupancy in an unlicensed channel, any DL transmissions that are not transmitted in response to the UL transmission by the initiating UE would have to be transmitted within a gNB-initiated semi-static CO. Therefore, such a UE would still have to be configured with the parameters corresponding to the gNB-initiated semi-static CO in accordance with Rel-16 specifications.
Although some agreements achieved in the last meeting with respect to the UE’s FFP parameters and COT interaction assume the presence of a configured gNB FFP, it is necessary to clarify that the support for UE-initiated semi-static CO under this WI is limited to the case when gNB also operates in the semi-static channel access mode. Based on this discussion we make the following observations and proposal:   
Observation 1: In a controlled environment, if a gNB configures a UE to initiate its own CO, any DL transmissions that are not transmitted in response to UL transmissions by the initiating UE would have to be transmitted within a gNB-initiated semi-static CO.
Observation 2: Although some agreements achieved in the last meeting assume the presence of a configured gNB FFP, it is necessary to clarify that the support for UE-initiated semi-static CO under this WI is limited to the case when gNB also operates in the semi-static channel access mode.
Proposal 1: In a controlled environment, the gNB configures a UE to initiate semi-static CO in an unlicensed channel(s) only if the gNB configures the UE also with the higher layer parameters of the gNB’s semi-static CO in the same channel(s).

Use case of UE semi-static CO: With the objective of enabling the operation of IIoT/URLLC in a controlled unlicensed environment in mind, it should be noted that UL transmission with CG is the highest priority use case, mainly to overcome the latency associated with scheduled UL. Nevertheless, initiating a semi-static CO using scheduled UL was also supported since it is not precluded by regulations and potentially improves the resource utilization when a CG transmission is not ready before the start of the UE’s FFP or a retransmission is scheduled for CG. As such, the agreement of the previous meeting supported initiating a COT by a UE using scheduled/configured UL in RRC_CONNECTED mode. 
It was left for further study though the case when the UE is in IDLE/INACTIVE mode. We note that providing the UE with an FFP while in an IDLE/INACTIVE mode mainly targets the transmission of PRACH and UL in the initial access procedure, which in general has not been considered for typical URLLC use cases. There is therefore no need to support the UE initiated COT in IDLE/INACTIVE mode. This also implies that there is no need for common signaling of the FFP parameters.
Proposal 2: For IIoT/URLLC operation in unlicensed spectrum, providing the UE with FFP parameters by SIB-1 is not supported.
In addition to that there is no need for common signaling, introducing it would cause significant complications. If a UE would be provided with a common FFP and then with a different dedicated FFP later, the UE would not be able to use both of them simultaneously as per the regulations. Consequently, for a connected UE with a dedicated FFP, it might be difficult to transmit PRACH in UE initiated COT if the ROs are provided based on the common FFP that is different from the dedicated FFP. Furthermore, the following FBE regulations from Section 4.2.7.3.1.4 in [2], 

	An equipment may change its Fixed Frame Period but it shall not do more than once every 200 ms. 



intend that an FBE equipment shall maintain a same FFP for at least a duration of 200ms before switching to a different FFP. Therefore, the UE would have to observe at least a 200 ms waiting period to switch from the common FFP to the dedicated FFP or vice versa, which adversely impacts the latency for IIoT/URLLC. Also, in adding up to the previous drawback, if the UE would switch between the FFPs, the gNB would not know which FFP currently is applied, which would complicate the scheduling and coordination between UEs substantially. 
This in fact means that transmitting initial access signals/channels is not an adequate use case for UE-initiated CO and it should be rather conducted within the gNB-initiated CO. On that note, it was agreed in the previous meeting that in Rel-16 NR-U, the RO is valid only when SSB, RMSI or paging is detected in the same gNB-initiated semi-static CO which further facilitates the transmission of PRACH within the gNB-initiated CO. Based on the previous discussion, we make the following observations and proposal.
Observation 3: For IIoT/URLLC operation in unlicensed spectrum, transmission of initial access signals/channels is not an adequate use case for UE-initiated CO and it should be rather conducted within the gNB-initiated CO. 
Observation 4: For IIoT/URLLC operation in unlicensed spectrum, enhancements in RRC_CONNECTED mode are needed whereas enhancements only useable for IDLE/INACTIVE are not.
Proposal 3: For IIoT/URLLC operation in unlicensed spectrum, UE-initiated semi-static CO is not supported when the UE is in IDLE/INACTIVE mode.

FFP configuration parameters for UE-initiated CO: It was agreed in the previous meeting that at least the start of the FFP for UE-initiated COT can be different from the start of the FFP for gNB-initiated COT. It was also agreed that FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. This implies that some sort of offset is provided to the UE via RRC signaling. And this is the case regardless of whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters. 

Proposal 4: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be configured with an offset to the beginning of the coexisting gNB frame in the same channel.
   
It was left for further study as well whether the FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT and whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters. 
Firstly, in line with the objective of the WID to specify the support for UE-initiated COT for FBE with minimum specification effort, it would be quite simple to specify only the new higher layer parameters such as an FFP offset while reusing the gNB’s FFP periodicity in addition to any necessary channel access procedures required for the UE to establish its semi-static CO based on the gNB’s semi-static CO in the same channel(s).
Secondly, in Figure 2, two different UEs or (two different FDMed UE groups) are configured with two FBE frames of the same period as that of the gNB FBE frame. Configuring the UEs to reuse the same period configured for the gNB frame simplifies observing the agreed COT and idle period interaction rules as well as the avoidance of the mutual channel access blocking between UEs configured with different offsets. In fact, we observe that the gNB should strive to configure more UEs with a same offset and multiplex them in the frequency domain using interlaces; that would align the UEs’ CCAs and give more time span for both UE CO and gNB CO within the gNB’s frame period. Note that if the gNB has a FFP periodicity Pg and the UE is configured with a different FFP periodicity Pu, both the gNB and the UE need to observe the COT interactions and idle period interactions over a period of Po =LCM{Pg , Pu} where LCM is the least common multiple. The situation gets even more complicated if another UE is configured with a different FFP periodicity. This in fact defeats the purpose of providing more flexibility to the UEs. Given that such UEs of different periodicities would not be aware of the FBE frame start points of each other, avoiding mutual blocking/collisions among these UEs through gNB configuration becomes quite intricate if not infeasible in some cases.     
Observation 5: If the gNB and the UE have different FFP periodicities, Pg and Pu, both the gNB and the UE need to observe the COT and idle period interactions over a period of Po =LCM{Pg , Pu} where LCM is the least common multiple. Thus defeating the purpose of providing more flexibility to the UEs
· It is even a more complicated situation if another UE is configured with a different periodicity Pv  since Po would then be calculated to Po =LCM{Pg , Pu , Pv}

Observation 6: UEs of different periodicities would not be aware of the FBE frame start points of each other, avoiding mutual blocking/collisions among these UEs through gNB configuration becomes quite intricate if not infeasible in some cases.
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Figure 2. Two different UEs or (two different FDMed UE groups) are configured with two FBE frames of the same period as that of the gNB FBE frame using offsets to the beginning of gNB frame.
     
Observation 7: Configuring the UEs to reuse the gNB’s frame period to initiate respective semi-static COs in the same channels attains the following benefits:
· Simplifies observing the COT and idle period interaction rules; 
· Simplifies avoidance of mutual blocking between UEs configured with different offsets
· Allows for alignment of the UEs’ CCAs, e.g., FDMed UE group; 
· Gives more time span for UEs’ COs and gNB CO.

While it can be left to implementation for the gNB to end its CO before the start of the CCA of the earliest UE frame, it can be seen from Figure 2 that UE1 would be unaware of the following UE’s frames configured within the gNB frame. Therefore, when a UE is configured to initiate its semi-static CO using an offset to the beginning of the gNB frame, the UE should also be enabled to limit its CO such that it ends before the CCA of the following UE’s frame. Note that such a limitation on the UE-initiated semi-static CO is typically more stringent than the inherent limitation MCOT = 0.95 FFP. 
Proposal 5: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be enabled to stop its CO such that it ends before the CCA of a following UE’s frame in the same channel, if any.
Proposal 6: For UE-initiated semi-static CO in a given unlicensed channel, the periodicity of the UE’s frame is the same periodicity configured for the gNB’s frame in the same unlicensed channel.

Semi-static CO sharing: It was agreed in the previous meeting that UE-to-gNB COT sharing is supported for semi-static channel access and it was left for further study whether/how UE shares the COT to gNB when the gap is >16us. Despite the fact that when both gNB-initiated COT and UE-initiated COT are configured, there is less motivation to introduce UL-DL COT sharing, it would be specifically beneficial for the gNB to transmit CG-DFI immediately after the UL burst without LBT (16us gap). The benefit would be mainly from latency perspective as compared to gNB waiting for the start of the next gNB CO which may be prone to some blocking due to sporadic interference. Otherwise, the gNB could use its own COT to respond. It was raised however in the previous meeting that the gNB’s periodicity is rather long for URLLC applications, since the shortest configurable periodicity is 1ms. But this actually means that DL traffic that is not in response to uplink can anyway only be used for scenarios with moderate latency requirements in DL. Thus, the only use case for which an UL-DL gap >16us could be beneficial is where low latency is required only in UL but not in DL. Such a use case should be rather rare and the system should not be optimized for it.
Observation 8: UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us is not beneficial for the use case of IIoT/URLLC operation in unlicensed. 

Harmonization of CG enhancements in Rel-16 NR-U and URLLC
It was concluded in the previous meeting to further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U using Table 1 in R1-2005376 as a starting point for the corresponding discussion and decision. In the following we discuss these CG enhancements in Rel-16 for NR-U and URLLC and whether a combination of such enhancements needs to be supported in Rel-17.

PUSCH Repetition and TDRA: Due to the requirements on time domain resource allocation to avoid gaps between the consecutive UL transmissions in the unlicensed channel, either the TDRA enhancements introduced for Rel-16 eURLLC, e.g., PUSCH repetition type B, or for NR-U under PUSCH repetition type A, are suitable for configuring/scheduling the time domain resources for UL transmissions within the UE-initiated CO. We note that gaps due to potential ‘orphan symbols’ resulting from segmenting a nominal repetition across the slot boundary could be avoided by proper configuration. 
Observation 9: TDRA enhancements introduced in Rel-16 either for URLLC, e.g., PUSCH repetition type B, or for NR-U under PUSCH repetition type A, are suitable for configuring consecutive PUSCH transmissions without gaps.

FDRA: Given the regulatory requirements of minimum occupied BW (OCB) and maximum power spectral density (PSD) for transmission in the unlicensed channel, it should be noted that the frequency domain resource allocation (FDRA) should be interlace based as per FDRA Type 2 introduced for NR-U in Rel-16 for both CG and scheduled UL. This in fact avoids the need for power backoff and is also beneficial for some IIoT/URLLC applications with small packet sizes which may not be suitable to occupy at least 80% of the RBs constituting the 20MHz unlicensed channel using FDRA Type 0/1. It is noted however that the use of FDRA Type 2 is not specific to NR-U and thus can be used in conjunction with Rel-16 URLLC CG enhancements without any specification impact. 
Observation 10: While not restricted to be used only with NR-U, FDRA Type 2 is suitable to fulfill the OCB and PSD requirements in the unlicensed channel compared to FDRA Type 0/1.
HARQ related information and procedures: In Rel-16 URLLC CG, the determination of HARQ ID is coupled with the allocated time-domain resource of the first transmission occasion which means that only a single TB is transmitted in K repetitions in a given period. Such a limitation can be overcome however by configuring shorter CG periodicities. More flexibility can be also provided to the UE compared to Rel-15 in terms of which transmission occasion the initial transmission can start at. Although LBT failure is less likely to occur in a controlled environment, such a flexibility allows the UE to start the initial transmission at any transmission occasion associated with RV0 if LBT fails before the first transmission occasion. However, for the UE to initiate semi-static CO using CG, neither URLLC nor NR-U can benefit from the flexibility of starting the CG transmission since the whole FFP would be skipped if LBT fails at the beginning of the FBE frame.         
In Rel-16 NR-U, there is a number of features that were introduced as CG enhancements including the transmission of explicit HARQ-ACK feedback in CG-DFI (using DCI 0_1 with the DFI flag set) and the multiplexing of CG-UCI on CG-PUSCH indicating HARQ related information such as NDI, RV and HARQ ID as well as UL-DL COT sharing information. In fact, these two features were introduced to support the decoupling in NR-U CG between the time domain resources and HARQ ID as well as the ability to perform autonomous retransmission on CG resources which has been conditioned upon the expiry of a higher-layer configured retransmission timer of a shorter time span than the default configuredGrantTimer, namely, the cg-RetransmissionTimer-r16. It is noted that the UE monitors the CG-DFI for early termination of the repetitions of a TB (ACK) as well as enabling CG retransmission of the TB (NACK) after the respective cg-RetransmissionTimer-r16 expires.
Observation 11: Rel-16 NR-U and URLLC CG enhancements related to HARQ information and procedures are comparable in an unlicensed controlled environment.  

During the discussion on Rel-16 UE feature groups, it was agreed to group the support for retransmission on CG resources and the support for its associated cg-RetransmissionTimer-r16 in one feature group along with the two features of supporting monitoring of CG-DFI and multiplexing of CG-UCI on CG-PUSCH as shown in the description of FG10-18 in the table below. As such, the gNB may configure a UE to operate in accordance to NR-U CG enhancements in a given band if the UE indicates its support for retransmission on CG resources in that band through capability signaling. 
In the previous meeting it was agreed that, at least for FBE, configuration of the cg-RetransmissionTimer should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum. This simply means that it would not be mandatory for the UE to support the associated NR-U CG enhancements such as CG-DFI, CG-UCI, and HARQ enhancements when configured grant Type 1 or Type 2 are configured in a BWP in unlicensed spectrum.  
	10. NR-unlicensed
	10-18
	Configured grant with retransmission in CG resources 
	1. Support retransmission in CG resources
2. Support configured grant retransmission timer
3. Support DFI monitoring
4. Support CG-UCI in CG-PUSCH
	One or both of {5-19, 5-20}
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Support configured grant with retransmission in configured grant resource

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling



Based on the above discussion and observations, it can be concluded that for supporting IIoT/URLLC transmission with CG in the unlicensed spectrum in Rel-17, there is no need to support a combination of the Rel-16 NR-U and URLLC enhancements. It is rather intuitive to use the cg-RetransmissionTimer-r16 to differentiate which CG features, from URLLC or NR-U, are applicable in the unlicensed band. If the higher-layer parameter cg-RetransmissionTimer-r16 is provided in ConfiguredGrantConfig, NR-U CG enhancements shall be adopted, Otherwise, URLLC CG enhancements shall be used instead.

Observation 12: For supporting IIoT/URLLC transmission with CG in unlicensed controlled environment in Rel-17, there is no need to support a combination of the Rel-16 NR-U and URLLC enhancements.
[bookmark: _GoBack]Proposal 7: For harmonizing UL CG enhancements in Rel-16, if the higher-layer parameter cg-RetransmissionTimer-r16 is provided in ConfiguredGrantConfig, NR-U CG enhancements shall be adopted, otherwise, URLLC CG enhancements shall be used instead.

Conclusions
Based on the discussions, the following observations and proposals were made:
Observation 1: In a controlled environment, if a gNB configures a UE to initiate its own CO, any DL transmissions that are not transmitted in response to UL transmissions by the initiating UE would have to be transmitted within a gNB-initiated semi-static CO.
Observation 2: Although some agreements achieved in the last meeting assume the presence of a configured gNB FFP, it is necessary to clarify that the support for UE-initiated semi-static CO under this WI is limited to the case when gNB also operates in the semi-static channel access mode.
Proposal 1: In a controlled environment, the gNB configures a UE to initiate semi-static CO in an unlicensed channel(s) only if the gNB configures the UE also with the higher layer parameters of the gNB’s semi-static CO in the same channel(s).
Proposal 2: For IIoT/URLLC operation in unlicensed spectrum, providing the UE with FFP parameters by SIB-1 is not supported.
Observation 3: For IIoT/URLLC operation in unlicensed spectrum, transmission of initial access signals/channels is not an adequate use case for UE-initiated CO and it should be rather conducted within the gNB-initiated CO. 
Observation 4: For IIoT/URLLC operation in unlicensed spectrum, enhancements in RRC_CONNECTED mode are needed whereas enhancements only useable for IDLE/INACTIVE are not.
Proposal 3: For IIoT/URLLC operation in unlicensed spectrum, UE-initiated semi-static CO is not supported when the UE is in IDLE/INACTIVE mode.
Proposal 4: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be configured with an offset to the beginning of the coexisting gNB frame in the same channel.
Observation 5: If the gNB and the UE have different FFP periodicities, Pg and Pu, both the gNB and the UE need to observe the COT and idle period interactions over a period of Po =LCM{Pg , Pu} where LCM is the least common multiple. Thus defeating the purpose of providing more flexibility to the UEs
· It is even a more complicated situation if another UE is configured with a different periodicity Pv  since Po would then be calculated to Po =LCM{Pg , Pu , Pv}

Observation 6: UEs of different periodicities would not be aware of the FBE frame start points of each other, avoiding mutual blocking/collisions among these UEs through gNB configuration becomes quite intricate if not infeasible in some cases.
Observation 7: Configuring the UEs to reuse the gNB’s frame period to initiate respective semi-static COs in the same channels attains the following benefits:
· Simplifies observing the COT and idle period interaction rules; 
· Simplifies avoidance of mutual blocking between UEs configured with different offsets
· Allows for alignment of the UEs’ CCAs, e.g., FDMed UE group; 
· Gives more time span for UEs’ COs and gNB CO.

Proposal 5: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be enabled to stop its CO such that it ends before the CCA of a following UE’s frame in the same channel, if any.
Proposal 6: For UE-initiated semi-static CO in a given unlicensed channel, the periodicity of the UE’s frame is the same periodicity configured for the gNB’s frame in the same unlicensed channel.
Observation 8: UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us is not beneficial for the use case of IIoT/URLLC operation in unlicensed. 
Observation 9: TDRA enhancements introduced in Rel-16 either for URLLC, e.g., PUSCH repetition type B, or for NR-U under PUSCH repetition type A, are suitable for configuring consecutive PUSCH transmissions without gaps.
Observation 10: While not restricted to be used only with NR-U, FDRA Type 2 is suitable to fulfill the OCB and PSD requirements in the unlicensed channel compared to FDRA Type 0/1.
Observation 11: Rel-16 NR-U and URLLC CG enhancements related to HARQ information and procedures are comparable in an unlicensed controlled environment.  
Observation 12: For supporting IIoT/URLLC transmission with CG in unlicensed controlled environment in Rel-17, there is no need to support a combination of the Rel-16 NR-U and URLLC enhancements.
Proposal 7: For harmonizing UL CG enhancements in Rel-16, if the higher-layer parameter cg-RetransmissionTimer-r16 is provided in ConfiguredGrantConfig, NR-U CG enhancements shall be adopted, otherwise, URLLC CG enhancements shall be used instead.
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