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Introduction
[bookmark: _Ref129681832]The revised WID in RP-210854 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#104e, the following conclusions and agreements were achieved:
	Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance
Agreement:
· In semi-static channel access mode, UE FFP periodicity is chosen from the following set of values in ms: {1, 2, 2.5, 4, 5,10}.
· FFS on other values 
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Agreement:
· In semi-static channel access mode:
· An FFP period for UE-initiated COT is configured as the same, integer multiple of, or inter-factor of the FFP period configured for gNB-initiated COT 
· FFP period for UE-initiated COT can be configured independently from FFP period of gNB-initiated COT, if the UE indicates the corresponding capability
· FFP offset for UE-initiated COT is the starting point of first UE FFP relative to the radio frame X boundary.
· The offset value range is 0 ≤ offset ＜FFP period of UE-initiated COT
· FFS on X (e.g. X=0, or X= even index number)
Agreement:
In semi-static channel access mode when a UE can operate as initiating device,
· Select one of the following alternatives to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: Determination based on the content in the scheduling DCI
· FFS on whether the corresponding field(s) can be absent in DCI
· If absent, determination based on the rules applied for configured UL transmissions is applied
· FFS whether/how to handle the case when the gNB schedules an UL transmission in the next gNB’s FFP period
· Alt-b: Determination based on the rules applied for a configured UL transmission

Agreement:
In semi-static channel access mode when a UE can operate as UE-initiated COT,
· Select one of the following alternatives to determine whether a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT.

Agreement:

· In semi-static channel access mode, sharing a UE initiated COT through the gNB to other intra-cell UEs for UL transmissions, is not supported.


In this contribution, we further discuss the identified  issues related to the support for UE-initiated Channel Occupancy (CO), including signaling of the configuration parameters, determination of the CO initiator for UL transmissions, and COT sharing and interaction. We also discuss the identified options for harmonizing the UL configured grant (CG) enhancements in Rel-16 for NR-U and URLLC to support the operation in the controlled unlicensed environment.
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 v16.3.0 [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 
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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 ; 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. 
On UE-initiated CO in IDLE/INACTIVE mode 
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. Therefore, it was agreed in RAN1#102-e to support initiating a CO by a UE using scheduled/configured UL in RRC_CONNECTED mode. 
In meeting RAN1#103-e a FFS point was discussed on 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 only targets the transmission of PRACH and UL in the initial access procedure, which is not a typical use case for URLLC. There is no need to support the UE initiated COT in IDLE/INACTIVE mode in this WI as it is deemed out of scope. This also implies that there is no need for common signaling of the FFP parameters for RACH related purposes.
Observation 1: 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 2: For IIoT/URLLC operation in unlicensed spectrum, enhancements in RRC_CONNECTED mode are needed whereas enhancements only useable for IDLE/INACTIVE are not needed.
Proposal 1: 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 for RACH related purposes, introducing it would cause significant complications. For instance, if a UE would be provided with a common FFP and then with a different dedicated FFP later, the following issues are observed:
· Due to the fact that the start of the PRACH transmission may not be aligned with the beginning of the common FFP, the UE may not be able to use that common FFP to initiate a CO using PRACH, even though the ROs would be configured to match the common FFP parameters    
· Since the UE would not be able to use both FFPs simultaneously as per the regulations, once the UE is connected and using the dedicated FFP, it would be difficult to transmit PRACH (e.g., for CFRA) in UE initiated COT if the ROs provided match the common FFP.
· As agreed in meeting RAN1#103-e, the FFP configuration that is used for initiating CO shall not be changed for at least 200 ms in accordance with FBE regulations from Section 4.2.7.3.1.4 in [2], 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.
· Adding up to the previous drawbacks, if the UE would switch between the FFPs, the gNB would not know which FFP currently is applied, which would complicate substantially scheduling, observing idle periods and coordinating UEs.

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 in Rel-16 NR-U maintenance that the RO is valid only when SSB, RMSI or paging is detected in the same gNB-initiated semi-static CO which further enhances the predictability of PRACH transmission within gNB-initiated CO. Based on the previous discussion, we make the following observations and proposal.
Proposal 2: For IIoT/URLLC operation in unlicensed spectrum, UE-initiated semi-static CO is not supported when the UE is in IDLE/INACTIVE mode.
FFP parameters for UE-initiated CO
It was agreed in the last meeting that the FFP Period for UE-initiated COT is configured as the same, integer multiple of, or inter-factor of the FFP period configured for gNB-initiated COT, and can be also configured independently from the FFP period of gNB-initiated COT, if the UE indicates the corresponding capability. The UE FFP is in any case selected from the set of values in ms{1, 2, 2.5, 4, 5,10} as captured by the following agreements:
· 
	Agreement:
· In semi-static channel access mode, UE FFP periodicity is chosen from the following set of values in ms: {1, 2, 2.5, 4, 5,10}.
· FFS on other values 
Agreement:
· In semi-static channel access mode:
· An FFP period for UE-initiated COT is configured as the same, integer multiple of, or inter-factor of the FFP period configured for gNB-initiated COT 
· FFP period for UE-initiated COT can be configured independently from FFP period of gNB-initiated COT, if the UE indicates the corresponding capability
· FFP offset for UE-initiated COT is the starting point of first UE FFP relative to the radio frame X boundary.
· The offset value range is 0 ≤ offset ＜FFP period of UE-initiated COT
· FFS on X (e.g. X=0, or X= even index number)




It was also agreed that the FFP offset for UE-initiated COT indicates the starting point of the first UE FFP relative to the boundary of radio frame X such that the offset value range is 0 ≤ offset ＜UE FFP. However, it was left for further study whether the reference radio frame X is SFN=0 or an even indexed SFN which typically marks the beginning of a first gNB FFP of x FFPs staggered over 2 radio frames as shown in Figure 1.
In our view, as long as the UE FFP period is selected from the set {1, 2, 2.5, 4, 5,10}, i.e., an inter factor of 20ms (duration of 2 radio frames), both X=0 and X=even index will be technically the same. However, a UE FFP would cross the even frame boundaries anyway in contrast to gNB FFPs. Therefore, we think it makes more sense for this semi-statically configured UL channel occupancy to follow the same approach and the type of formula to indicate the start of other semi-statically configured UL transmissions such as periodic PUCCH, CG PUSCH, and periodic SRS.
Proposal 3: For UE-initiated semi-static CO, the UE FFP offset indicates the reference starting point of the UE FFP relative to the boundary of SFN 0 (i.e., X=0 in the previous agreement).

Controlling collisions/blocking between UEs by gNB configuration 
It was concluded in meeting RAN1#103-e that for operation on unlicensed channels and irrespective of the adopted LBT mechanism (LBE or FBE), all transmissions in DL and UL are controlled by the gNB similarly to licensed channels, and potential collisions or blocking are controlled/mitigated by gNB.
In fact, it can be left to implementation for the gNB to end its COT before the start of the CCA of the earliest UE frame. As it can be seen though from Figure 2 below, UE1 would be able to use the UL resources configured by the gNB within the shaded part for transmission of CG, SRS, and CSI. However, if the gNB provides another UE, say UE2, with different FFP parameters to initiate a CO in the same channel(s), UE1 would be unaware of UE2’s frame and associated idle period and would proceed with these UL transmissions and thus block the channel access of UE2. Therefore, the gNB should further provide UE1 with a parameter to limit its COT to an indicated duration such that it ends before UE2’s idle period/CCA. Such a limitation on the UE-initiated semi-static COT is typically more stringent than the inherent limitation MCOT = 0.95 FFP.
Moreover, this simple configuration allows the gNB to control the collisions/blocking between UEs on the same channel without interrupting the FBE operation of UE1 and without the need to reconfigure and signal updated configurations for all of its impacted configured UL signals and channels.
It should also be noted that the existing mechanism for UL cancellation cannot be applied in such a case since it is cell-specific group common signaling, and thus would result in cancelling the UL resources to be used be UE2. 
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Figure 2. gNB controls collisions/blocking between URLLC UEs configured with different FFP parameters without interrupting the operation of URLLC UE1 through providing a COT duration parameter .
     
Observation 3: UEs would not be aware of the FFP frame start points of each other on the same channel, avoiding mutual blocking/collisions among these UEs through gNB configuration becomes quite intricate if not infeasible in some cases.
Observation 4: For gNB to control the collisions/blocking between UEs on the same channel, the existing mechanism for UL cancellation cannot be applied since it is cell-specific group common signaling and would result in cancelling the UL resources to be used in the subsequent frame for another UE.
Proposal 4: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be provided with a parameter to limit its COT to an indicated duration such that it ends before the idle period/CCA of a subsequent frame for another UE in the same channel.
Determination of semi-static CO initiator 
The determination of the COT initiator was discussed in the last meeting to align the understanding of applicable COT and idle period between the UE and the gNB for both configured and scheduled UL transmissions. The following agreements were thus achieved for potential down selection between the alternatives:
	Agreement:
In semi-static channel access mode when a UE can operate as initiating device,
· Select one of the following alternatives to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: Determination based on the content in the scheduling DCI
· FFS on whether the corresponding field(s) can be absent in DCI
· If absent, determination based on the rules applied for configured UL transmissions is applied
· FFS whether/how to handle the case when the gNB schedules an UL transmission in the next gNB’s FFP period
· Alt-b: Determination based on the rules applied for a configured UL transmission

Agreement:
In semi-static channel access mode when a UE can operate as UE-initiated COT,
· Select one of the following alternatives to determine whether a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT.




First, for configured UL transmission, in our view, the solution in Alt-a is based on the dynamic determination of the UL transmission such as CG being confined within a gNB FFP before its idle period, as well as the dynamic determination of whether the gNB has initiated that gNB FFP. 
It can be observed that the rule in Alt-b is simpler than that of Alt-a as it does not depend on determining whether or not the gNB has initiated the gNB FFP. 
Nevertheless, it should be also appreciated that Alt-a prioritizes gNB COT over UE COT and inherently provides more protection to the gNB idle period. In contrast to gNB COT which in principle can be shared by all intra-cell UEs, a UE initiated COT can be shared only to the serving gNB and the initiating UE may proceed with UL transmissions in the gNB idle period if resources were configured as such a-priori. Therefore, we propose to support Alt-a for configured UL transmissions.
Proposal 5: For determining the COT initiator for configured UL transmissions in semi-static channel access, support Alt-a in the agreement of RAN1#104-e

Second, for scheduled UL transmissions, in our view, since the gNB dynamically controls the timing of the scheduled UL transmission, it can simply choose, whether or not to fulfil the main requirement for the initiating a UE COT using an UL transmission which is aligning the start of the UL transmission with the beginning of the UE FFP as per the above agreement from RAN1#102-e. In fact, only the 3rd code point of the field ChannelAccess-CPext/ChannelAccess-CPext-CAPC in the UL scheduling DCI could lead to ambiguity which is ‘9us sensing within 25us interval without CPE’, whereas the other code points explicitly indicate no sensing and thus cannot be indicated for initiating UE COT. As such, when that ‘ambiguous’ codepoint is indicated, the gNB has the flexibility of TDRA as to whether or not to fulfil the requirement of aligning the start of the UL transmission with the UE FFP boundary.  Furthermore, the procedure in Alt-b would have to be implemented anyway in case the additional field is absent in the DCI. It is also preferred that the UE behavior is consistent across configured and scheduled UL.
It is also important to note that such an indication in the UL scheduling DCI would not be beneficial or would be disregarded by the UE in the some cases unless they are precluded by imposing scheduling restrictions. For instance;
1- If the scheduled UL transmission overlaps with the next gNB CCA; the UE has to assume the UL transmission belongs to UE COT regardless of any indication in the DCI 
2- If the scheduling DCI indicates an UL transmission not aligned with UE FFP belongs to UE COT in the next UE FFP but the UE fails to initiate that COT; the UE has to assume the UL transmission shares the concurrent gNB COT if the UE determines that it was initiated as shown in at the top of Figure 3. 
3- If the scheduling DCI indicates an UL transmission belongs to gNB COT in the next gNB FFP (as in the FFS point shown at the bottom of Figure 3), but the gNB fails to initiate that COT; the UE has to assume the UL transmission shares the concurrent UE COT if the UE has initiated it. 
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Figure 3. Example cases in which the indication in the UL scheduling DCI would not be beneficial or would be disregarded by the UE unless precluded by imposing scheduling restrictions.

In summary, given that the timing of the scheduled UL transmission is already involved in the determination of the COT initiator, and given the above cases in which the indication is not useful or would be disregarded, in addition to the inconsistency of UE behavior across configured and scheduled UL, we do not see the need to introduce a new field in the scheduling DCI and increasing the dynamic overhead as in Alt-a.  Therefore, we propose to support Alt-b for scheduled UL transmissions.
Observation 5: Given that gNB can control the timing of the scheduled UL transmission which is already involved in the determination of the COT initiator, and given the above cases in which the indication would be disregarded or scheduling restrictions are needed, in addition to the resulting inconsistency of UE behavior across configured and scheduled UL, there is no need to introduce a new field in the scheduling DCI and increase the dynamic overhead as in Alt-a

Proposal 6: For determining the COT initiator for scheduled UL transmissions in semi-static channel access, support Alt-b (Determination based on the rules applied for a configured UL transmission depending on whether or not the scheduled UL is confined within an initiated gNB COT) in the agreement of RAN1#104-e.
          
Conditions on UE-to-gNB CO sharing 
There have been discussions in the last meeting on further conditions on the DL transmissions sharing the UE initiated CO and also on whether to allow sharing the UE initiated CO to other intra-cell UEs through the gNB and the following agreement was made:
	Agreement:

· In semi-static channel access mode, sharing a UE initiated COT through the gNB to other intra-cell UEs for UL transmissions, is not supported.



 
According to the following regulations in clauses 4.2.7.3.1.4 and 4.2.7.3.1.5 in [2],
	…
An Initiating Device is allowed to grant an authorization to one or more associated Responding Devices to transmit on the current channel within the current Channel Occupancy Time. A Responding Device that receives such a grant shall follow the procedure described in clause 4.2.7.3.1.5.
…



	4.2.7.3.1.5	Responding Device Channel Access Mechanism
Clause 4.2.7.3.1.4, point 3) describes the possibility whereby an Initiating Device grants an authorization to one or more associated Responding Devices to transmit on the current channel within the current Fixed Frame Period. A Responding Device that receives such a grant shall follow the procedure described in step 1) to step 3):
…



the initiating UE authorizes a responding device to transmit on the channel within the UE-initiated COT in response to the authorization/transmission from the initiating UE. Therefore, the transmission(s) by the responding gNB, unicast and/or non-unicast, should at least include a transmission intended to the initiating UE. 
The regulations are silent, however, on whether the responding gNB transmissions sharing the UE-initiated COT may contain unicast and/or non-unicast transmissions intended for other UEs in addition to the initiating UE, and more specifically unicast transmissions with user plane data. Assuming that such a case is not precluded by regulations, some observations are worth taking into consideration before supporting it given the operation in unlicensed controlled environment in which inter-operator coexistence is not a concern while intra-operator coexistence could be a concern in absence of tight synchronization between the cells operating on the same channel(s). For instance, although the calculation of ED threshold (EDT) based on the transmitter’s maximum transmit power is the same as in the dynamic channel access mode, if the gNB shares the CO initiated by the UE, without the UE adjusting the EDT, for transmitting unicast user plane data to the same UE, there would not be an impact to intra-operator coexistence. However, if the gNB is allowed to share that UE-initiated CO for transmitting unicast user plane data to other UEs as well, it would be advantageous for the gNB to persistently rely on sharing a UE initiated CO except for critical broadcast signals and channels, and there would be an impact to intra-operator coexistence as such.   
Observation 6: In semi-static channel access mode, the calculation of ED threshold is the same as in dynamic channel access mode. Given the operation is intended for unlicensed controlled environment;
· If the gNB shares the CO initiated by the UE without adjusting the EDT for transmitting unicast user plane data to the same UE, there would not be much of an impact to intra-operator coexistence
· However, if the gNB is allowed to share the CO initiated by the UE without adjusting the EDT for transmitting unicast user plane data to other UEs as well, it would be advantageous for the gNB to rely on sharing a UE initiated CO except for critical broadcast signals and channels, and there would be an impact to intra-operator coexistence 

Proposal 7: For semi-static channel access in unlicensed controlled environment, support gNB sharing of the CO initiated by the UE without adjusting the EDT, for transmissions including unicast user plane data to the same UE.

Harmonization of CG enhancements in Rel-16 NR-U and URLL
Harmonization of CG features (excluding PUSCH repetition)
Three main options were identified in the previous RAN1#103-e meeting for harmonizing the CG features (excluding PUSCH repetition) between Rel-16 URLLC and Rel-16 NR-U via enabling/disabling the NR-U ‘CG-DFI based procedures’ and ‘CG-UCI based procedures’ using RRC parameters. Whereas the two groups of procedures were defined as:
•	‘CG-UCI based procedures’ rely on including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
•	‘CG-DFI based procedures’ rely on autonomous re-transmission on CG configuration and reception of CG-DFI in DCI for re-transmissions.
The three main options can be summarized as:
· Option 1: Both ‘CG-UCI based procedures’ and ‘CG-DFI based procedures’ are enabled or disabled for unlicensed using the cg-RetransmissionTimer-r16.
· Option 2-a/2-b: ‘CG-UCI based procedures’ and ‘CG-DFI based procedures’ are independently enabled or disabled for unlicensed using a new parameter X and a parameter Y (either the cg-RetransmissionTimer-r16 or a new parameter), respectively.
· Option 3: ‘CG-UCI based procedures’ are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using the cg-RetransmissionTimer-r16

Following are our observations on the available options based on the above definitions: 

1. In the agreement above, the note defines the ‘CG-DFI based procedures’ to “rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions”. As such, if the CG-DFI based procedures are enabled, both autonomous CG retransmission and CG-DFI are enabled. Since autonomous CG retransmissions cannot happen without configuring the cg-RetransmissionTimer, this in fact means that means that it is not possible to enable/disable the ‘CG-DFI based procedures’ without the configuring/not configuring the cg-RetransmissionTimer. Therefore, it should be understood that Option 2-b is not feasible.

1. Disabling ‘CG-UCI based procedures’ while CG retransmissions are enabled seems to be not beneficial given the dependency of the HARQ ID on time-domain resources which defeats the purpose autonomous CG retranmissions. Therefore, Option 2-a should not be supported.

1. In Option 3, ‘CG-UCI based procedures’ can be enabled without configuring the cg-RetransmissionTimer. However, in such a case, 
2. RV determination cannot be done by the UE according to the current spec quoted below, 
2. NDI filed is also not useful as CG retransmissions are disabled
2. The only remaining benefit seems to be multiplexing multiple TBs in one period without  autonomous retransmissions of such TBs
2. In our view, this could be matched by configuring shorter CG periodicity without imposing the CG-UCI overhead in every CG PUSCH. Therefore, Option 3 should not be supported.   

	The higher layer parameter repK-RV defines the redundancy version pattern to be applied to the repetitions. If cg-RetransmissionTimer is provided, the redundancy version for uplink transmission with a configured grant is determined by the UE. If the parameter repK-RV is not provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided, the redundancy version for uplink transmissions with a configured grant shall be set to 0. If the parameter repK-RV is provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided, for the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence.



While companies’ views were quite diverse, the following agreements were achieved in RAN2#112-e

	Agreements:
From RAN2 perspective
1    It is assumed that LBT failures only happen infrequently in UCE (unlicensed controlled environment).  A formal definition of UCE and its relationship to semi-static or dynamic access mode is not necessary in RAN2 specifications.
2    cg-RetransmissionTimer can be configured optionally for shared spectrum
3    When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
4    When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.
5    As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.
6    HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.
7    FFS if LCH based prioritization can be configured with cg-RetransmissionTimer
8    The assumption for Rel-16 is that the network will not configure autonomousTx and cg-RetransmissionTimer simultaneously per cell.  No optimizations will be pursued to allow the two features be configured together in Rel-16.  No CR is needed for this for now.
9    If a configured grant is deprioritized and/or gNB didn’t get it (e.g. LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)


 
The highlighted agreements above basically mean that, according to RAN2 understanding, procedures identified by RAN1 as ‘CG-UCI based procedures,’ such as those related to HARQ process ID and RV selection by the UE, shall be enabled/disabled by the configuration of the cg-RetranmissionTimer. It can be observed as such that agreeing in RAN1 to Option 1 would also align the understanding across RAN1 and RAN2.

Furthermore, 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 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 RAN1#102-e 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.  

Proposal 8: Support Option 1, i.e., both ‘CG-UCI based procedures’ and ‘CG-DFI based procedures’ are enabled/disabled using the cg-RetransmissionTimer-r16.
Mandatory RRC parameters for unlicensed operation
The HARQ process ID and RV determination mechanism used for CG operation in licensed spectrum may be used as well in unlicensed spectrum. Whereas, the related parameter harq-ProcID-Offset2 which indicates the offset used in deriving the HARQ process ID is so far not configurable for operation in unlicensed spectrum. Therefore, it was discussed in the last meeting whether to support configuration of harq-ProcID-Offset2 for operation in unlicensed spectrum. 
Given that the cg-RetransmissionTimer-r16 is also not configurable simultaneously with the harq-ProcID-Offset2, and given the dependency on cg-RetransmissionTimer-r16 for enabling/disabling NR-U CG features as discussed in the previous section, we propose to support configuration of the harq-ProcID-Offset2 for operation in unlicensed spectrum when the cg-RetransmissionTimer-r16 is not configured.
Proposal 9: Support configuration of harq-ProcID-Offset2 for operation in unlicensed spectrum when the cg-RetransmissionTimer-r16 is not configured.

Harmonization of other CG features including PUSCH repetition
In the following we discuss the 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: Due to the requirements on time domain resource allocation to avoid gaps between the consecutive UL transmissions in the unlicensed channel, either PUSCH repetition type B introduced for Rel-16 URLLC, or NR-U multi-slot and multi-PUSCH per slot allocation under PUSCH repetition type A, are suitable for configuring the time domain resources. We note that gaps due to potential ‘orphan symbols’ resulting from segmenting a nominal repetition across the slot boundary in PUSCH repetition type B could be avoided by proper configuration. 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.  
Observation 7: Either PUSCH repetition type B, or NR-U multi-slot and multi-PUSCH per slot allocation under PUSCH repetition type A, are suitable for configuring consecutive PUSCH transmissions without gaps.
In the previous meeting, the following agreement was made:
	Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance





Proposal 10: Combination of Rel-16 PUSCH repetition and NR-U multi-slot allocation is not supported, no further enhancements are needed for PUSCH repetition Type B when using NR IIoT Rel-16 based CG.
Flexibility for initial transmission and RV:  More flexibility is optionally provided to the CG UE in Rel-16 URLLC 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 mechanisms can benefit from the flexibility in starting the CG transmission since the whole FFP would be skipped if LBT fails at the beginning of an FBE frame. 
Observation 8: For UE-initiated semi-static CO using CG, neither URLLC nor NR-U can benefit from the flexibility in starting the CG transmission since the whole FFP would be skipped if LBT fails at the beginning of an FBE frame.
Observation 9: Rel-16 URLLC and NR-U CG mechanisms related to HARQ procedures are comparable when operating in an unlicensed controlled environment where LBT failures are unlikely to occur.
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 with other NR-U features, FDRA Type 2 is suitable to fulfill the OCB and PSD requirements in the unlicensed channel compared to FDRA Type 0/1.

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 11: 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 11: 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: 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 2: For IIoT/URLLC operation in unlicensed spectrum, enhancements in RRC_CONNECTED mode are needed whereas enhancements only useable for IDLE/INACTIVE are not needed.
Proposal 1: For IIoT/URLLC operation in unlicensed spectrum, providing the UE with FFP parameters by SIB-1 is not supported.
Proposal 2: For IIoT/URLLC operation in unlicensed spectrum, UE-initiated semi-static CO is not supported when the UE is in IDLE/INACTIVE mode.
Proposal 3: For UE-initiated semi-static CO, the UE FFP offset indicates the reference starting point of the UE FFP relative to the boundary of SFN 0 (i.e., X=0 in the previous agreement).
Observation 3: UEs would not be aware of the FFP frame start points of each other on the same channel, avoiding mutual blocking/collisions among these UEs through gNB configuration becomes quite intricate if not infeasible in some cases.
Observation 4: For gNB to control the collisions/blocking between UEs on the same channel, the existing mechanism for UL cancellation cannot be applied since it is cell-specific group common signaling and would result in cancelling the UL resources to be used in the subsequent frame for another UE.
Proposal 4: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be provided with a parameter to limit its COT to an indicated duration such that it ends before the idle period/CCA of a subsequent frame for another UE in the same channel.
Proposal 5: For determining the COT initiator for configured UL transmissions in semi-static channel access, support Alt-a in the agreement of RAN1#104-e

Observation 5: Given that gNB can control the timing of the scheduled UL transmission which is already involved in the determination of the COT initiator, and given the above cases in which the indication would be disregarded or scheduling restrictions are needed, in addition to the resulting inconsistency of UE behavior across configured and scheduled UL, there is no need to introduce a new field in the scheduling DCI and increase the dynamic overhead as in Alt-a
Proposal 6: For determining the COT initiator for scheduled UL transmissions in semi-static channel access, support Alt-b (Determination based on the rules applied for a configured UL transmission depending on whether or not the scheduled UL is confined within an initiated gNB COT) in the agreement of RAN1#104-e
Observation 6: In semi-static channel access mode, the calculation of ED threshold is the same as in dynamic channel access mode. Given the operation is intended for unlicensed controlled environment;
· If the gNB shares the CO initiated by the UE without adjusting the EDT for transmitting unicast user plane data to the same UE, there would not be much of an impact to intra-operator coexistence
· However, if the gNB is allowed to share the CO initiated by the UE without adjusting the EDT for transmitting unicast user plane data to other UEs as well, it would be advantageous for the gNB to rely on sharing a UE initiated CO except for critical broadcast signals and channels, and there would be an impact to intra-operator coexistence 

Proposal 7: For semi-static channel access in unlicensed controlled environment, support gNB sharing of the CO initiated by the UE without adjusting the EDT, for transmissions including unicast user plane data to the same UE.
For Harmonization of CG enhancements:

Proposal 8: Support Option 1, i.e., both ‘CG-UCI based procedures’ and ‘CG-DFI based procedures’ are enabled/disabled using the cg-RetransmissionTimer-r16.
Proposal 9: Support configuration of harq-ProcID-Offset2 for operation in unlicensed spectrum when the cg-RetransmissionTimer-r16 is not configured.
Observation 7: Either PUSCH repetition type B, or NR-U multi-slot and multi-PUSCH per slot allocation under PUSCH repetition type A, are suitable for configuring consecutive PUSCH transmissions without gaps.
Proposal 10: Combination of Rel-16 PUSCH repetition and NR-U multi-slot allocation is not supported, no further enhancements are needed for PUSCH repetition Type B when using NR IIoT Rel-16 based CG.
Observation 8: For UE-initiated semi-static CO using CG, neither URLLC nor NR-U can benefit from the flexibility in starting the CG transmission since the whole FFP would be skipped if LBT fails at the beginning of an FBE frame.
Observation 9: Rel-16 URLLC and NR-U CG mechanisms related to HARQ procedures are comparable when operating in an unlicensed controlled environment where LBT failures are unlikely to occur.
Observation 10: While not restricted to be used with other NR-U features, FDRA Type 2 is suitable to fulfill the OCB and PSD requirements in the unlicensed channel compared to FDRA Type 0/1.
Observation 11: 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 11: 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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