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1. Introduction

In the RAN1 #104-e meeting, UE-initiated COT (Channel Occupation Time) for FBE and harmonizing UL configured-grant enhancements were discussed. Some agreements were made as below [1].
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 

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 provide our considerations on uplink enhancements for URLLC in unlicensed controlled environments including UE-initiated COT for FBE and harmonizing UL configured-grant enhancements.
2. Discussion
2.1 Support of UE-initiated COT for FBE
Scheduled UL transmission for UE-initiated COT
Based on below RAN1 agreement in last meeting [1], there are 2 options to determine whether a scheduled UL transmission should be transmitted according to shared gNB-initiated COT or UE-initiated COT.

	Agreements:

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


For Alt-a, DCI is used to dynamically indicate whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT. Alt-a is more flexible and can dynamically control UE-initiated COT in order to reduce interference on gNB-initiated COT from UE-initiated COT and the conflict on UE-initiated COT among UEs according to gNB scheduling strategy or the interference situation on gNB-initiated COT from UE-initiated COT and the conflict on UE-initiated COT among UEs.  
The corresponding indication field on whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT in DCI should be configurable for the flexibility of gNB scheduling. If absent, determination based on the rules applied for configured UL transmissions is applied.
For the case of multiple PUSCH transmissions scheduled by single DCI supported in Rel-16, we propose that all the PUSCH transmissions scheduled by a single DCI is based on UE-initiated COT or sharing a gNB-initiated COT based on the content in the scheduling DCI.
As shown in Figure 1, assuming three PUSCH transmissions are scheduled by a single DCI, gNB utilizes 1 bit in scheduling DCI to indicate whether all the three PUSCH transmissions scheduled by the DCI are based on UE-initiated COT or sharing a gNB-initiated COT, where 1 means UE-initiated COT and 0 means gNB-initiated COT. 
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Figure 1. DCI indication on UE-initiated COT for multiple UL transmissions
For Alt-b, predetermined rule applied for a configured UL transmission depends more on gNB scheduling implementation. The disadvantage of predetermined method is that it reduces the flexibility of gNB scheduling.
To sum up,  DCI-based method is more suitable for the dynamic scheduled UL transmission case.
In order to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT, our proposals are as follows:

Proposal 1: In semi-static channel access mode when a UE can operate as initiating device, UE determines whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT based on the content in the scheduling DCI if present and based on the rules applied for a configured UL transmission otherwise.
Proposal 2: In semi-static channel access mode when a UE can operate as initiating device, all the PUSCH transmissions scheduled by a single DCI is based on  UE-initiated COT or sharing a gNB-initiated COT based on the content in the scheduling DCI.
Configured UL transmission for UE-initiated COT
Based on below RAN1 agreement in last meeting [1], there are 2 options to handle configured UL transmission for UE-initiated COT in semi-static channel access mode. 
· 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.
For Alt-a, UE needs to detect the existence of the gNB-initiated COT first and then decides whether to transmit in an UE-initiated COT or not, which causes unnecessary blind detection on DL signal and power consumption at the UE side. In addition, gNB’s idle period may lead to UL CG transmission interruption and affect transmission reliability.
For Alt-b, it is a straightforward approach to assume that the configured UL transmission corresponds to UE-initiated COT. UE does not need to execute blind detection on DL signal to decide whether to transmit in an UE-initiated COT or not.
In order to determine whether a configured UL transmission should be transmitted according to shared gNB COT or UE-initiated CO, our proposal is as follows:

Proposal 3: In semi-static channel access mode when a UE can operate as UE-initiated COT, UE assumes that a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP corresponds to UE-initiated COT.
2.2 CG PUSCH for the URLLC operation in unlicensed band
Based on RAN1 agreement in RAN1#103e meeting [2], to accommodate CG for URLLC in unlicensed band with controlled environment, there are four options to determine whether CG-UCI based procedures and CG-DFI based procedures are used for unlicensed or not:
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16

· Note: Procedures based on CG-UCI rely on UE 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.

Next, we provide analysis on each of the above options.
The main difference between option 1 and other options (Option 2-a/Option 2-b/ Option 3) is whether CG-UCI based procedures and CG-DFI based procedures are allowed to be enabled/disabled independently.
For Option 1, UCI based procedures and CG-DFI based procedures are allowed to be enabled/disabled together.

Option 1 is consistent with below RAN2 agreement in RAN2#112e meeting [3].When RRC parameter cg-RetransmissionTimer is configured, CG-UCI based procedures and CG-DFI based procedures are enabled and Rel-16 NR-U CG mechanism is used for HARQ process ID and RV selection. HARQ processes sharing among configured grant configurations are allowed. 
When cg-RetransmissionTimer is not configured, Rel-16 URLLC CG mechanism is used for HARQ process ID and RV selection. HARQ processes sharing among configured grant configurations are not allowed.
	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.


For Option 2-a/Option 2-b/ Option 3, CG-UCI based procedures and CG-DFI based procedures are allowed to be enabled/disabled independently so all of these 3 options contradict the above RAN2 agreement [3].In addition, some other issues related to option 2-a/option 2-b/ option 3 need be considered as follows:
For Option 2-a, when CG-DFI based procedure is enabled by cg-RetransmissionTimer but the CG-UCI based procedures is disabled, gNB can’t execute HARQ process combination because gNB doesn’t know the HPID selected by UE. When CG-UCI based procedure is enabled but CG-DFI based procedure as well as cg-RetransmissionTimer is not configured, gNB doesn’t know the HPID and NR-U autonomous reTx does not apply for this case since cg-retransmissionTimer is not configured if gNB decodes neither CG-UCI nor TB.
For Option 2-b, if cg-RetransmissionTimer is configured (the NR-U path) and CG-DFI is not configured, when CG-DFI is not configured, its functionality could be replaced by gNB-scheduled retransmissions. For the successful transmission, without the gNB’s feedback (CG-DFI = ACK), the UE will always trigger an autonomous ReTx upon cg-RetransmissionTimer expiry. So in this case, this configuration does not work and the cg-RetransmissionTimer should be linked with the CG-DFI based procedures, at least for acknowledging the successful reception of the CG to prevent from triggering an autonomous ReTx.
For Option 3, CG-UCI based procedures are always supported for the URLLC operation in unlicensed band. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer. Option 3 is one special case of Option 2-a. When CG-UCI based procedure is enabled but CG-DFI based procedure as well as cg-RetransmissionTimer is not configured, Option3 has the similar issue with option 2-a.
In order to handle whether CG-UCI based procedures and CG-DFI based procedures are used for unlicensed or not, our proposal is as follows:

Proposal 4: Option 1 “Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16” is taken as baseline for supporting UL CG for URLLC in unlicensed band. 
Based on RAN1 agreement in last meeting [1], PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG. For PUSCH repetition Type B, if one nominal repetition is divided into one or more actual repetitions due to invalid symbol(s), the UE has to perform LBT before the actual repetition transmission. The actual repetition transmission is dropped due to the LBT failure. For example, the actual repetition starts right after two DL symbols as shown in Figure 2a. If LBT before 3rd actual repetition transmission fails due to DL transmission, 3rd actual repetition transmission is dropped. In order to reduce the probability the next actual repetition dropping due to normal LBT failure, additional LBT window before the actual repetition transmission as shown in figure 2b can be introduced. In Figure 2b, after the normal LBT indicated by yellow box failed, UE can continue to execute LBT in additional LBT window indicated by green box. If the LBT in additional LBT window succeed, UE can perform actual repetition#3 transmission on the remaining symbols.
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Figure 2a: URLLC type-B repetition transmission in unlicensed band
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Figure 2b: URLLC type-B repetition transmission in unlicensed band with additional LBT window
Proposal 5: For Type-B PUSCH repetition in unlicensed band, if one nominal repetition is divided into one or more actual repetitions due to invalid symbol(s), additional LBT window before actual repetition transmission should be supported.
3. Conclusions
In this contribution, we discuss about the remaining issues on enhancements for unlicensed band URLLC/IIoT in the last meeting. Our proposals are as follows:
Proposal 1: In semi-static channel access mode when a UE can operate as initiating device, UE determines whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT based on the content in the scheduling DCI if present and based on the rules applied for a configured UL transmission otherwise.
Proposal 2: In semi-static channel access mode when a UE can operate as initiating device, all the PUSCH transmissions scheduled by a single DCI is based on  UE-initiated COT or sharing a gNB-initiated COT based on the content in the scheduling DCI.
Proposal 3: In semi-static channel access mode when a UE can operate as UE-initiated COT, UE assumes that a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP corresponds to UE-initiated COT.
Proposal 4: Option 1 “Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16” is taken as baseline for supporting UL CG for URLLC in unlicensed band. 
Proposal 5: For Type-B PUSCH repetition in unlicensed band, if one nominal repetition is divided into one or more actual repetitions due to invalid symbol(s), additional LBT window before actual repetition transmission should be supported.
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