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1. Introduction
In RAN1#107-e, following agreements were made for unlicensed band URLLC, in terms of UE-initiated COT based FBE operation and URLLC/NR-U CG harmonization [1]. 

	Agreement
In semi-static channel access mode, for a transmission burst that includes multiple transmissions, the associated COT-ownership for all transmissions in the transmission burst should be the same.

Agreement
In semi-static channel access mode, when a UE is enabled to initiate a channel occupancy:
· If single DCI schedules multiple UL transmissions, the COT initiator assumption indicated by the single DCI is applied for all the UL transmissions scheduled by the single DCI.

Agreement
In semi-static channel access mode, when a DCI schedules a UL transmission in the same g-FFP and the UL transmission is not aligned with a u-FFP boundary and the DCI indicates UE initiated COT, the following are applied:
· If the UE has initiated the COT in that u-FFP and satisfies the applicable sensing conditions, the UL transmission occurs. Otherwise, the UL transmission is dropped.

Agreement
The following channel access procedures for consecutive scheduled UL transmissions are applicable to the semi-static channel access mode.
· If a UE is scheduled by a gNB to transmit a set of UL transmissions including PUSCH or SRS symbol(s) using a UL grant, the UE shall not apply a CP extension for the remaining UL transmissions in the set after the first UL transmission after accessing the channel.
· If a UE is scheduled to transmit a set of consecutive UL transmissions without gaps including PUSCH  using one or more UL grant(s), PUCCH using one or more DL grant(s), or SRS with one or more DL grant(s) or UL grant(s) and the UE transmits one of the scheduled UL transmissions in the set after accessing the channel, the UE may continue transmission of the remaining UL transmissions in the set, if any. 
· Note: The procedures above are based on description in Clause 4.2.1.0.1 of TS 37.213.

Agreement
In semi-static channel access mode, when the gNB schedules by a DCI a UL transmission and the scheduling DCI and the scheduled UL transmission are in a same g-FFP but on a different RB sets of the g-FFP bandwidth:
· If DCI indicates gNB initiated COT, validation of the gNB-initiated COT (based on the detection of DL transmission from the gNB) for the RB sets with scheduled UL can be skipped.

Agreement
The symbol offset for the UE FFP configuration is determined based on the smallest SCS among configured SCSs in a serving cell.

Conclusion
PUSCH repetition Type B for DG on unlicensed spectrum in Rel-17 is supported.

Conclusion
In semi-static channel access mode when a UE can operate as an initiating device, for a configured UL transmission, the required time to determine whether the configured UL transmission could correspond to gNB’s COT or UE’s COT is up to UE implementation.

Conclusion
In semi-static channel access mode when a UE can operate as an initiating device, for a scheduled UL transmission, when the scheduling DCI and the first symbol of the scheduled UL transmission are in the same g-FFP, the processing time for the scheduled UL transmission satisfies the time required to the UE determine whether the scheduled UL transmission could correspond to the COT initiator assumption indicated in the DCI.

Conclusion
In semi-static channel access mode when a UE can operate as an initiating device, for a scheduled UL transmission, when the scheduling DCI and the first symbol of the scheduled UL transmission are in different g-FFPs, and if the DCI indicates gNB as the COT initiator:
· the required time to determine whether the gNB had initiated a COT before the start of the scheduled UL transmission is up to UE implementation.

Agreement
For operation in a cell with shared spectrum access, a UE configured with multiple CG configurations does not expect to operate in the cell with more than one active CG configurations for which the cg-RetransmissionTimer is provided in one active CG configuration and not provided in another.
· Note: That means that the UE operates with a same CG type (i.e., Rel-16 NR-U CG type or Rel-16 URLLC CG type per previous agreements) per cell in a shared spectrum.

Agreement
EnableConfiguredUL is not applicable if cg-RetransmissionTimer is not configured in Rel-17.

Agreement
In semi-static channel access mode, when the cg-RetransmissionTimer-r16 is enabled and a UE operates as an initiating device, the RRC parameter cg-COT-SharingList-16 is reused, and the UE is not expected to provide any relevant information related to CAPC to the gNB.
· Channel Occupancy Time (COT) sharing information bit-field in CG-UCI is as the following: 
·  bits if higher layer parameter cg-COT-SharingList is configured, where C is the number of combinations configured in cg-COT-SharingList; 
· 0 bit otherwise; 



In this contribution, we discuss and provide our views on the remaining issues related to UL enhancements for supporting URLLC in unlicensed band. 

2. UE-initiated COT based FBE operation for URLLC

· COT initiator determination for configured UL transmission
Regarding the case where a configured UL transmission is not aligned with u-FFP boundary and overlapped with idle period corresponding to the u-FFP, the paragraph in current specification below doesn’t seem to correctly define the relevant UE behaviour in terms of determining the COT initiator.
[Current spec]
	· If the configured UL transmission would occur after the beginning of a period of duration  and would overlap with the idle duration corresponding to that period, the following is applied:
· If the configured UL transmission would occur within a period of duration  and end would before the idle duration corresponding to that period and the UE has already determined that the gNB has initiated a channel occupancy in that period as described in Clause 4.3.1.2.1, the UE assumes that the configured UL transmission is associated with the channel occupancy that is initiated by the gNB.
· Otherwise, the UE drops the configured UL transmission.



Since it had been agreed as a basic operation rule for FBE mode that 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, the UE firstly needs to check whether it has already initiated COT in the u-FFP or not before applying the above paragraph (as the following correction in red). Therefore, the UE would drop the configured UL transmission if the UE has already initiated COT in the u-FFP, while the UE would apply the above paragraph if the UE has not already initiated COT in the u-FFP.
[bookmark: _GoBack][Text proposal]
	· If the configured UL transmission would occur after the beginning of a period of duration  and would overlap with the idle duration corresponding to that period, the following is applied:
-   If the UE has not already initiated a channel occupancy in that period as described in Clause 4.3.1.2.2:
· If the configured UL transmission would occur within a period of duration  and end would before the idle duration corresponding to that period and the UE has already determined that the gNB has initiated a channel occupancy in that period as described in Clause 4.3.1.2.1, the UE assumes that the configured UL transmission is associated with the channel occupancy that is initiated by the gNB.
· Otherwise, the UE drops the configured UL transmission.
-   Otherwise, the UE drops the configured UL transmission.



Proposal #1: Adopt the following text proposal for the case where a configured UL transmission is not aligned with u-FFP boundary and overlapped with idle period corresponding to the u-FFP.
· Text proposal for TS 37.213 (in red)
	· If the configured UL transmission would occur after the beginning of a period of duration  and would overlap with the idle duration corresponding to that period, the following is applied:
-   If the UE has not already initiated a channel occupancy in that period as described in Clause 4.3.1.2.2:
· If the configured UL transmission would occur within a period of duration  and end would before the idle duration corresponding to that period and the UE has already determined that the gNB has initiated a channel occupancy in that period as described in Clause 4.3.1.2.1, the UE assumes that the configured UL transmission is associated with the channel occupancy that is initiated by the gNB.
· Otherwise, the UE drops the configured UL transmission.
-   Otherwise, the UE drops the configured UL transmission.



· COT initiator validation for scheduled UL transmission
Considering the case of cross-CC scheduling where the scheduling DCI and the corresponding scheduled UL are transmitted in different carriers, validation of the relevant COT initiator needs to be clarified as for the case of cross-RB set scheduling in a same carrier. 

For an example, for the case of cross-RB set scheduling (left side) in Figure 1 below where DCI and the scheduled UL are transmitted through different RB set #1 and RB set #3 (in a same carrier) within same g-FFP #1 time period, UE can simply follows gNB’s indication (i.e., “gNB COT”) for the scheduled UL and the UE is not required (thus can skip) to perform any check/validation on whether the RB set #3 is gNB-initiated COT based on the detection of DL transmission from the gNB, as already agreed in RAN1#107-e. This is because indicating “gNB COT” itself means the gNB has already initiated COT for the RB set #3. 

For another example, for the case of cross-CC scheduling (right side) in Figure 1 below where DCI and scheduled UL are transmitted through different carrier #1 and carrier #2 within same g-FFP #Y time period, UE can simply follows gNB’s indication (i.e., “gNB COT”) for the scheduled UL and the UE is not required (thus can skip) to perform any check/validation on whether the carrier #2 is gNB-initiated COT based on the detection of DL TX from the gNB, since there is no difference between this case and the above case of cross-RB set scheduling. This is because indicating “gNB COT” in this case means the gNB has already initiated COT for the carrier #2. By applying the above UE behaviour, the UE could avoid unnecessary power consumption to detect/validate gNB-initiated COT as well as unnecessary dropping of the scheduled UL due to the failure of detection on gNB-initiated COT.

[image: ]
Figure 1

Proposal #2: Apply the following UE behaviour for the scheduled UL transmission based on cross-CC scheduling.
· For the scheduled UL indicated to transmit based on gNB-initated COT by cross-CC scheduling within same FFP-g period, validation of the gNB-initiated COT (based on the detection of DL transmission from the gNB) can be skipped, as for the case of cross-RB set scheduling within a same carrier.

· Consideration of default FFP-g without UE-initiated COT
Considering the case where some essential DL transmission occasions such as SSB or CORESET#0 are at the beginning of FFP or included within FFP duration, the FFP may need to be assumed by UE as a default FFP-g based on gNB-initiated COT. With the assumption, the UE is not allowed to initiate COT for the FFP, and thus the UE would not try to initiate COT for the FFP. By defining the default FFP-g, potential UL-to-DL interference due to COT initiation by UE could be avoided.

Proposal #3: Define the FFP including or starting with essential DL transmission occasions (such as SSB or CORESET#0) as default FFP-g.

· COT initiator alignment for multiple RB sets
Considering the case where multiple RB sets (each of which requires separate LBT) are within a same carrier, it would be required for UE to assume a same type of COT initiator (i.e., gNB-initiated COT or UE-initiated COT) for the multiple RB sets to avoid potential UL-to-DL interference. 

For an example, in case where UE is configured with two RB sets which belong to a same carrier, if the UE detected DL transmission based on gNB-initiated COT in RB set #1 but the UE decided to assume UE-initiated COT for RB set #2 since it didn’t detect the DL transmission in RB set #2, it would be safer and reliable way that the UE should not assume UE-initiated COT for RB set #2 (thus drop the configured UL in the RB set #2 decided to assume the UE-initiated COT based transmission), in order to avoid UE-to-gNB interference caused by certain UL transmission (e.g. via the idle period of gNB FFP-g) through RB set #2 which might be unexpected to the gNB. 
For another example (from the discussion in RAN1#106bis-e), in case where UE is configured with a configured UL over two RB sets, if the UE detected DL transmission based on gNB-initiated COT in RB set #1 but the UE decided to assume UE-initiated COT for RB set #2 since it didn’t detect the DL transmission in RB set #2, it would be consequence of the previous agreements that the UE could not transmit (thus drop) the configured UL since the COT initiator for the configured UL is not determined/validated as a single device (e.g. UE or gNB).

Therefore, in order to address the above two aspects in case when operating on multiple intra-carrier RB sets (or intra-band carriers), following UE behaviors are to be supported. Furthermore, it may need to be discussed further on whether to apply same UE behaviors for the case where intra-carrier guard band (between adjacent RB sets) is not configured.

In semi-static channel access mode, when operating on multiple intra-carrier RB sets (or intra-band carriers), the assumptions regarding the COT initiator for a transmission should be aligned across all RB sets (or carriers) at any transmission time. To align the assumptions,
1) a UE could assume to operate as an initiating device for a UL transmission i) if the UE didn’t assess and didn’t receive indication from the gNB that it shall operate as a responding device for any of RB sets, and ii) if the UE assesses or has received indication from the gNB that it shall operate as an initiating device for all the RB set(s) configured/scheduled for the UL transmission.
A. Otherwise, the UE would drop the UL transmission.
2) a UE could not assume to operate as an initiating device for any of RB sets i) if the UE assesses or has received indication from the gNB that it shall operate as a responding device for at least one RB set, and the UE could assume to operate as a responding device for a UL transmission i) if the UE assesses or has received indication from the gNB that it shall operate as a responding device for all the RB set(s) configured/scheduled for the UL transmission.
A. Otherwise, the UE would drop the UL transmission.

Proposal #4: In semi-static channel access mode, when operating on multiple intra-carrier RB sets (or intra-band carriers), the assumptions regarding the COT initiator for a transmission should be aligned across all RB sets (or carriers) at any transmission time. To align the assumptions, 
· a UE could assume to operate as an initiating device for a UL transmission i) if the UE didn’t assess and didn’t receive indication from the gNB that it shall operate as a responding device for any of RB sets, and ii) if the UE assesses or has received indication from the gNB that it shall operate as an initiating device for all the RB set(s) configured/scheduled for the UL transmission.
· Otherwise, the UE would drop the UL transmission.
· a UE could not assume to operate as an initiating device for any of RB sets i) if the UE assesses or has received indication from the gNB that it shall operate as a responding device for at least one RB set, and the UE could assume to operate as a responding device for a UL transmission i) if the UE assesses or has received indication from the gNB that it shall operate as a responding device for all the RB set(s) configured/scheduled for the UL transmission.
· Otherwise, the UE would drop the UL transmission.

Regarding this COT initiator alignment for multiple RB sets, following three options were summarized and discussed in RAN1#107-e meeting. 

1) Option 1: COT initiator is aligned for all the RB sets within a carrier.
A. COT initiator needs to be aligned for both the RB sets allocated for a UL transmission and other RB sets not allocated for the UL transmission.
2) Option 2: COT initiator is aligned for the RB sets allocated for a UL transmission.
A. COT initiator needs to be aligned among the allocated RB sets, but doesn’t need to be aligned between the allocated RB sets and other (non-allocated) RB sets.
3) Option 3: COT initiator may or may not be aligned among the allocated RB sets.
A. COT initiator doesn’t need to be aligned (thus, would be same or different) even among the allocated RB sets.

With consideration of whether intra-carrier guard band is configured or not, Option 1 or Option 2 would be suitable/reliable for the case without configuration of the intra-carrier guard band in terms of avoiding interference between adjacent RB sets while Option 3 would not be desirable without the intra-carrier guard band. In other words, Option 3 would be beneficial for the case with configuration of the intra-carrier guard band in terms of increasing the opportunities of UL transmission while Option 1 or Option 2 would relatively not be beneficial with the intra-carrier guard band.
With consideration of whether UL transmission is scheduled or configured, Option 2 would be reasonable for the scheduled UL transmission requiring validation of the COT initiator indicated by DCI while Option 3 would be beneficial for the configured UL transmission.

Proposal #5: Discuss following three options with consideration of: 1) whether intra-carrier guard band is configured or not (and potential interference between adjacent RB sets), and 2) whether UL transmission is scheduled one or configured one.
· Option 1: COT initiator is aligned for all the RB sets within a carrier.
· COT initiator needs to be aligned for both the RB sets allocated for a UL transmission and other RB sets not allocated for the UL transmission.
· Option 2: COT initiator is aligned for the RB sets allocated for a UL transmission.
· COT initiator needs to be aligned among the allocated RB sets, but doesn’t need to be aligned between the allocated RB sets and other (non-allocated) RB sets.
· Option 3: COT initiator may or may not be aligned among the allocated RB sets.
· COT initiator doesn’t need to be aligned (thus, would be same or different) even among the allocated RB sets.

· RACH transmission in RRC-connected mode with u-FFP configuration
In Rel-17 FBE operation, UE-initiated COT based transmission and relevant u-FFP parameters (e.g. period, offset) would be allowed/configured only for RRC-connected mode UEs after RRC connection, and Idle/Inactive mode UEs would only be allowed to perform gNB COT sharing based transmission based on g-FFP parameter configuration as in Rel-16 NR-U. Meanwhile, even in case of the RRC-connected mode UEs, for the purpose of TA adjustment or scheduling request or beam failure report, the UEs could perform (contention-based (CB) or contention-free (CF)) RACH procedure and associated UL transmissions (e.g. PRACH, (Msg3) PUSCH).

In the above situation, it may need to clarify whether UE-initiated COT based TX is allowed to the RRC-connected mode UE (or only gNB COT sharing based TX is allowed without allowing UE COT based TX even to the RRC-connected mode UE) for RACH-related UL transmissions (e.g. PRACH, (Msg3) PUSCH). Besides, it may also need to clarify whether the COT initiator corresponding to RACH-related scheduled UL (e.g. (Msg3) PUSCH) is indicated to the RRC-connected mode UE (if UE-initiated COT based TX is allowed for RACH-related UL transmissions).

Proposal #6: Clarify whether UE-initiated COT based TX is allowed to the RRC-connected mode UE for RACH-related UL transmissions (e.g. PRACH, (Msg3) PUSCH) and whether the COT initiator corresponding to RACH-related scheduled UL (e.g. (Msg3) PUSCH) is indicated to the RRC-connected mode UE (if UE-initiated COT based TX is allowed for RACH).

3. Conclusions
In this contribution, the remaining issues on UL enhancements for unlicensed band URLLC were discussed, and the followings are proposed.

Proposal #1: Adopt the following text proposal for the case where a configured UL transmission is not aligned with u-FFP boundary and overlapped with idle period corresponding to the u-FFP.
· Text proposal for TS 37.213 (in red)
	· If the configured UL transmission would occur after the beginning of a period of duration  and would overlap with the idle duration corresponding to that period, the following is applied:
-   If the UE has not already initiated a channel occupancy in that period as described in Clause 4.3.1.2.2:
· If the configured UL transmission would occur within a period of duration  and end would before the idle duration corresponding to that period and the UE has already determined that the gNB has initiated a channel occupancy in that period as described in Clause 4.3.1.2.1, the UE assumes that the configured UL transmission is associated with the channel occupancy that is initiated by the gNB.
· Otherwise, the UE drops the configured UL transmission.
-   Otherwise, the UE drops the configured UL transmission.


Proposal #2: Apply the following UE behaviour for the scheduled UL transmission based on cross-CC scheduling.
· For the scheduled UL indicated to transmit based on gNB-initated COT by cross-CC scheduling within same FFP-g period, validation of the gNB-initiated COT (based on the detection of DL transmission from the gNB) can be skipped, as for the case of cross-RB set scheduling within a same carrier.
Proposal #3: Define the FFP including or starting with essential DL transmission occasions (such as SSB or CORESET#0) as default FFP-g.
Proposal #4: In semi-static channel access mode, when operating on multiple intra-carrier RB sets (or intra-band carriers), the assumptions regarding the COT initiator for a transmission should be aligned across all RB sets (or carriers) at any transmission time. To align the assumptions, 
· a UE could assume to operate as an initiating device for a UL transmission i) if the UE didn’t assess and didn’t receive indication from the gNB that it shall operate as a responding device for any of RB sets, and ii) if the UE assesses or has received indication from the gNB that it shall operate as an initiating device for all the RB set(s) configured/scheduled for the UL transmission.
· Otherwise, the UE would drop the UL transmission.
· a UE could not assume to operate as an initiating device for any of RB sets i) if the UE assesses or has received indication from the gNB that it shall operate as a responding device for at least one RB set, and the UE could assume to operate as a responding device for a UL transmission i) if the UE assesses or has received indication from the gNB that it shall operate as a responding device for all the RB set(s) configured/scheduled for the UL transmission.
· Otherwise, the UE would drop the UL transmission.
Proposal #5: Discuss following three options with consideration of: 1) whether intra-carrier guard band is configured or not (and potential interference between adjacent RB sets), and 2) whether UL transmission is scheduled one or configured one.
· Option 1: COT initiator is aligned for all the RB sets within a carrier.
· COT initiator needs to be aligned for both the RB sets allocated for a UL transmission and other RB sets not allocated for the UL transmission.
· Option 2: COT initiator is aligned for the RB sets allocated for a UL transmission.
· COT initiator needs to be aligned among the allocated RB sets, but doesn’t need to be aligned between the allocated RB sets and other (non-allocated) RB sets.
· Option 3: COT initiator may or may not be aligned among the allocated RB sets.
· COT initiator doesn’t need to be aligned (thus, would be same or different) even among the allocated RB sets.
Proposal #6: Clarify whether UE-initiated COT based TX is allowed to the RRC-connected mode UE for RACH-related UL transmissions (e.g. PRACH, (Msg3) PUSCH) and whether the COT initiator corresponding to RACH-related scheduled UL (e.g. (Msg3) PUSCH) is indicated to the RRC-connected mode UE (if UE-initiated COT based TX is allowed for RACH).
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