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1. Introduction
In RAN1#106bis-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 PUSCH repetition Type B: If a nominal repetition overlaps with a set of symbols in an idle period associated to gNB’s FFP in case UE shares gNB-initiated COT for the nominal repetition or associated to UE’s FFP in case UE assumes UE-initiated COT for the nominal repetition, all the symbols in the idle period should be considered as invalid symbols which are not considered for an actual repetition as in Rel-16.
· Segmentation before and/or after the idle period is applied when applicable.
· FFS on impact of processing timeline for PUSCH on the UE behaviour

Agreement
In semi-static channel access mode, for PUSCH repetition Type B, orphan symbol(s) are dropped as in Rel-16

Agreement
In semi-static channel access mode, the configuration of energy detection threshold to perform sensing at UE is based on maxEnergyDetectionThreshold. 
· That means that in semi-static channel access mode, configuration of ul-toDL-COT-SharingED-Threshold is not applicable.
· As the consequence, energy detection threshold to perform sensing at UE is based on maxEnergyDetectionThreshold if maxEnergyDetectionThreshold is configured. Otherwise (i.e., if maxEnergyDetectionThreshold is not configured), energy detection threshold to perform sensing at UE is based on the UE maximum transmit power.

Agreement
Support configuration of harq-ProcID-Offset2 for operation in unlicensed spectrum when the cg-RetransmissionTimer-r16 is not configured.

Agreement
The following RRC parameters are NOT needed when cg-RetransmissionTimer is configured for CG operation with shared spectrum channel access.
· pusch-RepTypeIndicator
· startingFromRV0

Agreement
The RRC parameter of phy-PriorityIndex is applicable for CG operation in unlicensed band.

Agreement
Introduce new RRC parameters ul-AccessConfigListDCI-0-2 and ul-AccessConfigListDCI-1-2 to support indication of CP extension, LBT type, and CAPC with DCI 0_2 and 1_2 with dynamic channel access.

Agreement
In semi-static channel access mode, a DL transmission burst based on sharing of a UE initiated COT corresponding to a UE FFP, shall include scheduled DL transmission or a DCI intended for the UE that initiated that FFP. 
· A DL transmission to any other UE in the cell than the COT initiating UE and/or a broadcast transmission can be additionally included in the DL transmission burst if the gNB fulfils the following condition:
· [bookmark: _GoBack]It is gNB‘s responsibility to ensure that other UEs do not assume gNB-initiated COT based transmission for a UL transmission based on the detection of any transmission in the DL transmission burst.

Agreement
In semi-static channel access mode for a UE which is allowed to operate as an initiating device, CG-StartingOffsets is not applicable.
· Note: That is, CG-StaringOffsets is not applicable at all for a UE configured with UE FFP parameters (e.g. period, offset) regardless whether the UE would initiate its own COT or would share gNB’s COT.

Agreement
When performing Intra-UE multiplexing procedure, if a PUCCH with HARQ-ACK overlaps with a CG-PUSCH and the cg-RetransmissionTimer is configured:
· If the HARQ-ACK and the CG-PUSCH have the same priority and the CG-PUSCH is selected for HARQ-ACK multiplexing:
· If cg-UCI-Multiplexing is enabled for that CG-PUSCH, HARQ-ACK would be multiplexed in CG-PUSCH.
· Otherwise, CG-PUSCH would be dropped.
· If the HARQ-ACK and the CG-PUSCH have different priority and the CG-PUSCH is selected for HARQ-ACK multiplexing:
· If multiplexing HARQ-ACK on the CG-PUSCH with different priroity is not indicated, 
· The LP channel between PUCCH or CG-PUSCH would be dropped as in Rel-16.
· If multiplexing HARQ-ACK on the CG-PUSCH with different priroity is indicated, 
· If cg-UCI-Multiplexing is enabled for that CG-PUSCH, HARQ-ACK would be multiplexed in CG-PUSCH.
· Otherwise, the LP channel would be dropped.



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
Regarding UE-initiated COT for the purpose of supporting URLLC in controlled U-band environments operating based on FBE structure, basically, it is desirable that the UE-initiated COT is able to be controlled in gNB side, in order to avoid potential collision/blocking between UE’s UL transmission and gNB’s essential DL transmission (such as SSB transmission, system information, paging, and RACH messages), which would induce significant/critical impacts to the system/network, by allowing the UE-initiated COT based on the contention even with the gNB. With this consideration, we discuss on potential gNB-controlled UE-initiated COT mechanisms to support URLLC in FBE operation based U-band environments.

· Indication to allow UE-initiated COT for the next FFP
One possibility to support gNB-controlled UE-initiated COT could be to indicate dynamically (in the current FFP) whether to allow making UE-initiated COT for the next FFP, based on the transmission of UE (group)-common DCI like SFI signalling. 

In this case, if gNB indicates that UE-initiated COT for the next FFP is allowed for UEs, the UEs could try to do LBT and make the UE-initiated COT (then start the FFP with UL transmission) if the LBT is successful. For the above, the UE (group)-common DCI used for the indication of UE-initiated COT could either explicitly indicate whether or not to allow UE-initiated COT for the next FFP, or implicitly indicate by allocating UL resource at the beginning of FFP or by not cancelling pre-configured UL resource at the beginning of FFP. With this, the gNB could control potential congestion/collision among multiple UEs in the next FFP, by indicating allowance of UE-initiated COT differently per UE group. 

For the above DCI signalling to indicate allowance of UE-initiated COT, basically, the structure of the common DCI signalling designed in Rel-16 NR-U can be reused with some modification or reinterpretation. For example, based on the combination of COT duration and SFI length indicated via the DCI (and the boundary of FFP), usage of the next FFP in terms of the initiated COT type (for example, either gNB FFP-g or UE FFP-u planned in the gNB) could be determined by the UE. 

Proposal #1: Consider to support dynamic indication of whether to allow UE-initiated COT for the next FFP based on the transmission of UE (group)-common DCI, at least for the control of potential congestion among multiple UEs in a same FFP.
· Structure of the common DCI signaling (with indication of COT duration and SFI information) designed in Rel-16 NR-U can be reused. 

· COT initiator validation for scheduled UL transmission
Regarding the COT initiator determination/validation for the scheduled UL transmission, it seems there are some remaining issues to be clarified and decided. 

Firstly, in case of the scheduled UL not aligned with FFP-u boundary, there would be an issue when gNB indicates UE-initiated COT based TX for the scheduled UL since the gNB may not be able to correctly know whether the UE has already initiated COT for the FFP-u period. Hence, in order to avoid inconsistent UE behaviour from the DCI indication, it is reasonable for the UE to drop the scheduled UL transmission if the UE didn’t initiate COT for the FFP-u period in the above case. Note that this behaviour would be needed even for the same-FFP-g scheduling case where the DCI transmission and the corresponding scheduled UL transmission belong to a same FFP-g period. 

Proposal #2: Consider to allow the following UE behaviour for the scheduled UL not aligned with FFP-u boundary.
· The UE would drop the scheduled UL transmission in case when gNB indicates UE-initiated COT based TX for the UL, but the UE didn’t initiate COT for the FFP-u period.

Secondly, considering the case with cross-RB set or cross-CC scheduling where the scheduling DCI and the corresponding scheduled UL are transmitted in different RB sets within a same carrier or transmitted in different carriers, relevant COT initiator determination and validation need to be discussed and clarified. 

For an example, for the case of 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. 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 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. This is because indicating “gNB COT” in this case means the gNB has already initiated COT for the carrier #2.
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Figure 1

Proposal #3: Consider the determination/validation on the COT initiator for the scheduled UL transmission based on cross-RB set or cross-CC scheduling.
· For the scheduled UL indicated as gNB-initated COT based TX by cross-RB set or 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.

· 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 #4: Consider to define the FFP including or starting with essential DL transmission occasions (such as SSB or CORESET#0) as default FFP-g.

· Consideration on FFP alignment for multiple RB sets
Considering the case where multiple RB sets (each of which requires separate LBT) are within a same carrier, it may 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 #5: 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.

· Consideration on multiplexing of COT transmissions 
In previous meeting, it was discussed as a possible operation that UE can be configured (by RRC) to limit its COT duration within a FFP-u period. Considering the situation where a number of UEs (as well as gNB) operate with various/different FFP-u (and FFP-g) period and starting offset, it could be beneficial to well manage/control the multiplexing of the UEs (and the gNB). 

Proposal #6: Consider to configure (limit) the maximum COT duration allowed by the UE within a FFP-u period for gNB control of UE multiplexing.

· Configuration of LBT/CPE values for DCI format 0_2/1_2
In previous meeting, it was agreed to introduce new RRC parameters (i.e., ul-AccessConfigListDCI-0-2 and ul-AccessConfigListDCI-1-2) to support indication of LBT/CPE values with DCI format 0_2 and 1_2 in LBE mode. Related to this, it may need to be discussed how to determine candidate LBT/CPE values for DCI 0_2/1_2 (e.g. derived from those configured for DCI 0_1/1_1 (or 0_0/1_0) or independently configured) and how to configure candidate LBT/CPE values for different priorities (e.g. separately configure for each priority or commonly configure for two priorities.

Proposal #7: Consider how to determine candidate LBT/CPE values for DCI 0_2/1_2 (e.g. derived from those configured for DCI 0_1/1_1 (or 0_0/1_0) or independently configured) and how to configure candidate LBT/CPE values for different priorities (e.g. separately configure for each priority or commonly configure for two priorities.

3. Harmonization of URLLC CG and NR-U CG 

· Configuration and management of CG PUSCH
It was agreed for the harmonization of Rel-16 CG features that both CG-UCI based procedures and CG-DFI based procedures are enabled or disabled for the unlicensed band using a single RRC parameter i.e., cg-RetransmissionTimer-r16. Consequently, the UE could be configured with a CG based on either Rel-16 NR-U CG type or Rel-16 URLLC CG type, and it is straightforward to configure a same CG type per cell (in other words, there is no essential reason (or no use case) to configure different CG type for a same cell). 

With the above, in case when the UE is configured with multiple cells (i.e., CA), the CG PUSCHs configured in different cells could be based on different CG type (e.g., either NR-U or URLLC). In this case, it may need to discuss how to select a CG PUSCH (among multiple CG PUSCHs with different CG type) for the multiplexing of UCI (e.g. HARQ-ACK) with consideration of potential UL skipping for NR-U CG due to the collision with HARQ-ACK PUCCH.

Proposal #8: Consider the following aspects for the configuration of CG PUSCH.
· A same CG type (e.g., Rel-16 NR-U CG type or Rel-16 URLLC CG type) is configured per cell.
· How to select a CG PUSCH for the multiplexing of UCI (e.g. HARQ-ACK) needs to be further studied by considering multiple cells configured with different CG type and the UL skipping for NR-U CG due to the collision with HARQ-ACK PUCCH.

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

Proposal #1: Consider to support dynamic indication of whether to allow UE-initiated COT for the next FFP based on the transmission of UE (group)-common DCI, at least for the control of potential congestion among multiple UEs in a same FFP.
· Structure of the common DCI signaling (with indication of COT duration and SFI information) designed in Rel-16 NR-U can be reused. 
Proposal #2: Consider to allow the following UE behaviour for the scheduled UL not aligned with FFP-u boundary.
· The UE would drop the scheduled UL transmission in case when gNB indicates UE-initiated COT based TX for the UL, but the UE didn’t initiate COT for the FFP-u period.
Proposal #3: Consider the determination/validation on the COT initiator for the scheduled UL transmission based on cross-RB set or cross-CC scheduling.
· For the scheduled UL indicated as gNB-initated COT based TX by cross-RB set or 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.
Proposal #4: Consider to define the FFP including or starting with essential DL transmission occasions (such as SSB or CORESET#0) as default FFP-g.
Proposal #5: 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 #6: Consider to configure (limit) the maximum COT duration allowed by the UE within a FFP-u period for gNB control of UE multiplexing.
Proposal #7: Consider how to determine candidate LBT/CPE values for DCI 0_2/1_2 (e.g. derived from those configured for DCI 0_1/1_1 (or 0_0/1_0) or independently configured) and how to configure candidate LBT/CPE values for different priorities (e.g. separately configure for each priority or commonly configure for two priorities.
Proposal #8: Consider the following aspects for the configuration of CG PUSCH.
· A same CG type (e.g., Rel-16 NR-U CG type or Rel-16 URLLC CG type) is configured per cell.
· How to select a CG PUSCH for the multiplexing of UCI (e.g. HARQ-ACK) needs to be further studied by considering multiple cells configured with different CG type and the UL skipping for NR-U CG due to the collision with HARQ-ACK PUCCH.
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