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1 Introduction
From RAN1#102-e to RAN1#106bis-e meeting [1]-[7], the followings were agreed to support UE initiated COT for FBE operation for URLLC in unlicensed spectrum under the NR_IIOT_URLLC_enh work item.
	Agreements at RAN1#102-e:
· For semi-static channel access mode,
· When gNB operates as an initiating device 
· The gNB is not allowed to transmit during the idle period of any FFP associated with the gNB in which the gNB initiates a COT
· When a UE operates as an initiating device 
· The UE is not allowed to transmit during the idle period of any FFP associated with the UE in which the UE initiates a COT
· When a UE shares a COT initiated by the gNB during an FFP associated with the gNB
· The UE is not allowed to transmit during the idle period of that FFP in which the UE shares the COT initiated by the gNB
· When the gNB shares a COT initiated by a UE during an FFP associated with the UE
· The gNB is not allowed to transmit during the idle period of that the FFP in which the gNB shares the COT initiated by the UE
· FFS whether/how to support additional restrictions to the idle period
Agreements at RAN1#102-e:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode
Agreements at RAN1#102-e:
· UE-to-gNB COT sharing in semi-static channel access mode is supported.
· The gNB determines a COT in an FFP associated to a UE, that is initiated by the UE, if the gNB detects a UL transmission from the UE starting from the beginning of the FFP and ending before the idle period of the FFP.
· FFS details
· When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP.
· FFS whether/how UE to gNB COT sharing when the gap is >16us
Conclusion at RAN1#103-e:
If a device X at a given time is initiating a COT, the applicable FFP for the device X is the FFP associated with X. 
If a device X at a given time is sharing a COT initiated by a device Y, the applicable FFP for the device X is the FFP associated with Y.
Note 1: One of the devices X and Y is a UE and the other is its serving gNB.
Note 2: Whether or not there is additional restriction on idle period is still FFS.

Conclusion at RAN1#104b-e:
· In semi-static channel access mode, a UE as an initiating device, is allowed to transmit during the idle period of any FFP associated with the serving gNB if the UE transmission is based on UE initiated COT 
· Note: the gNB may disallow UL transmission during symbols of the idle period by configuring them either as semi-static DL symbols, or indicating them as DL with SFI. 
Agreement at RAN1#105-e:
· Option 1 is taken in the following agreement:
· 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.
· Alt-a is taken in the following 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-a is taken in the following 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
Agreement at RAN1#106-e:
In semi-static channel access mode, the content in a scheduling DCI that indicates the assumption on the COT-initiator for the scheduled transmission is determined based on the channel access field in the DCI.
Conclusion at RAN1#106-e:
There is no consensus in RAN1 to support UE-initiated COT for semi-static channel occupancy in IDLE/INACTIVE mode.
Agreement at RAN1#106-e:
Do not support PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation.
Agreement at RAN1#106-e:
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 at least scheduled DL transmission or a DCI intended for the UE that initiated that FFP.
· FFS whether/how the DL transmission burst can include transmission to any other UE in the cell than the COT initiating UE and/or broadcast transmission while ensuring that the COT initiated by the UE is not shared by any other UE in the cell for any UL transmission
Agreement at RAN1#106-e:
When a UE operates as an initiating device, and the gNB shares a UE’s FFP for DL transmission, regardless of the gap between any UL and DL bursts, no restriction is imposed on the maximum duration of each of the DL bursts such that each can continue until the UE FFP idle period starts.
· Note: The applicability of the EDT calculation based on the UE’s transmit power to the UE COT initiation in accordance to the UL-DL gap duration and/or the content of the DL burst is separately discussed.

Agreement at RAN1#106bis-e:
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 at RAN1#106bis-e:
In semi-static channel access mode, for PUSCH repetition Type B, orphan symbol(s) are dropped as in Rel-16
Agreement at RAN1#106bis-e:
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:
· 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 at RAN1#106bis-e:
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 the remaining issues such as COT-alignment on Wideband operations and enhanced configured-grant PUSCH for URLLC in an unlicensed band. 

Remaining issues on UL enhancement for Unlicensed URLLC/IIoT 
COT-alignment on Wideband operations
[bookmark: _Hlk87038822]In the previous meetings, it was discussed for wideband operation whether the assumption on COT-initiator should be aligned across different RB sets in a carrier or across multiple carriers. In case of multiple LBT bandwidths in a carrier, i.e., different RB sets in a carrier, if different COT initiators are assumed for transmission spanning different RB sets at the UE and gNB, it may require complicated operation due to additional consideration of several aspects such as separate management of each FFP and mutual interference across UEs. Therefore, we support that the UE should assume the same COT initiator across all RB sets in a carrier for the same UL transmission on different RB sets with 20MHz on each RB set. In addition, even for multiple carriers on intra-band CA, it may be desirable to restrict to the same COT-alignment between different carriers when considering UE-to-gNB interference which may occur due to assumptions of different COT initiators. Therefore, we support that in semi-static channel access mode, when operating on multiple carriers/LBT BWs on a carrier, the assumptions regarding the COT initiator for a UL transmission should be aligned across all carriers/LBT BWs for the UL transmission at any transmission time.
· Proposal 1: We support that in semi-static channel access mode, when operating on multiple carriers/LBT BWs on a carrier, the assumptions regarding the COT initiator for a UL transmission should be aligned across all carriers/LBT BWs for the UL transmission at any transmission time.

Enhanced configured-grant PUSCH for URLLC in an unlicensed band.
LBT is considered as a channel access procedure by default to perform UL/DL transmission in unlicensed band operation. Depending on the success and failure of LBT, a separate operation may be required for the reception by a UE and transmission from a gNB. In particular, the SS/PBCH block in the NR system for the initial access procedure must be transmitted successfully from the base station to a UE for time/frequency synchronization and cell ID detection by the UE.
However, in the unlicensed band, because the transmission of the SS/PBCH block may vary depending on the results of the LBT performed by the gNB, the gNB and the UE are operated by setting the position of the candidate SS/PBCH block reception with an assumption of multiple candidate positions of same SS/PBCH block index for the UE. 
For configured grant PUSCH, in the case of the PUSCH repetition type A specified from Rel-15 and the PUSCH repetition type B specified in the Rel-16 URLLC work item, those operations were originally set for licensed operation. Therefore, when operating in the licensed band, the UE always assumes that the gNB transmits the SS/PBCH block at the positions configured to the UE, so the time and frequency resources in the positions for the SS/PBCH block reception are excluded at the resources to perform the UE’s PUSCH repetition type A/type B. However, for the transmission of the SS/PBCH block in the unlicensed spectrum, as described above, the locations of the candidate SS/PBCH blocks that the UE should assume for the reception of the SS/PBCH block are set to multiple candidate positions for the same index of SS/PBCH block. In particular, when the UE detects a certain SS/PBCH block index since the UE assumes that the number of transmitted SS/PBCH blocks with the same SS/PBCH block index is not larger than one from the UE’s perspective in Rel-16, the corresponding resources at other candidate positions of SS/PBCH block with the same index can be used as a time/frequency resource for PUSCH repetition type A or type B. Therefore, it should be further discussed whether or not to allow transmission of configured grant PUSCH with repetition at candidate SS/PBCH block positions configured with the same SS/PBCH block index after the UE successfully detects the SS/PBCH block index.
· Proposal 2: It should be further discussed whether or not to possibly transmit configured-grant PUSCH with repetition at candidate SS/PBCH block positions for the same SS/PBCH block index after the detection of the SS/PBCH block index.

Conclusion
In this contribution, we have discussed the remaining issues such as COT-alignment on Wideband operations and enhanced configured-grant PUSCH for URLLC in an unlicensed band. As a conclusion, we summarize our views as follows:
· Proposal 1: We support that in semi-static channel access mode, when operating on multiple carriers/LBT BWs on a carrier, the assumptions regarding the COT initiator for a UL transmission should be aligned across all carriers/LBT BWs for the UL transmission at any transmission time.
· Proposal 2: It should be further discussed whether or not to possibly transmit configured-grant PUSCH with repetition at candidate SS/PBCH block positions for the same SS/PBCH block index after the detection of the SS/PBCH block index.
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