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1. Introduction
In RAN1#106-e, following agreements/conclusions 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, 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.

Agreement
In semi-static channel access mode, 
· The inclusion of the channel access field in Rel-16 DCI 0_1 and 1_1 in Rel-17 DCI 0_2 and 1_2, respectively, is supported.

Agreement
In semi-static channel access mode, the size of channel access field in a scheduling DCI with format 0_0/1_0, 0_1/1_1, 0_2/1_2 is 2 bits.

Conclusion
Any UL or DL transmission that is expected to occur, should be associated to a Channel Occupancy (CO) with a corresponding FFP. When a transmission is associated to a CO with a corresponding FFP:
· The association of the transmission to a CO with corresponding FFP is based on either of the following assumption:
· “Initiating COT”: This assumption implies that the transmission would initiate a CO corresponding the FFP.
· “Sharing COT”: This assumption implies that the transmission would share a CO corresponding to the FFP.
· The association assumption is validated as follows:
· “Initiating COT” assumption is validated if the transmission would start at the FFP boundary and would end before idle period of the FFP.
· “Sharing COT” assumption is validated if the transmission would start after the FFP boundary and would end before idle period of the FFP and the CO corresponding to the FFP is initiated.
· A transmission based on a CO association assumption can occur if the CO association assumption is validated and if the following sensing conditions are met:
· For CO association assumption as “Initiating COT”:
· If a CCA is successful before the transmission.
· For CO association assumption as “Sharing COT”
· If the gap between the beginning of the transmission and the end of previous one sharing the same CO in that FFP is more than 16us and if a CCA is successful before the transmission.
· IF the gap between the beginning of the transmission and the end of previous one sharing the same CO in that FFP is at most 16us

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 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
In semi-static channel access mode, the content of the channel access field in a DCI scheduling a UL transmission for a UE determines an index to a row in Table 1 with Alt-1 (Option 1)
TABLE 1
	Bit field mapped to index
	Channel Access Type
	The CP extension T_"ext" index defined in Clause 5.3.1 of [TS 38.211]
	Initiator of a channel occupancy associated to UL transmission described in Clause x.x in TS 37.213

	0
	No sensing as defined in Clause 4.3 in TS 37.213
	0
	Alt-1:gNB
Alt-2: UE-initiated COT if condition A, otherwise gNB’s COT

	1
	No sensing as defined in Clause 4.3 in TS 37.213
	2
	Alt-1:gNB
Alt-2: UE-initiated COT if condition A, otherwise gNB’s COT

	2
	9us sensing within a 25us interval as defined in Clause 4.3 in TS 37.213
	0
	gNB

	3
	9us sensing [within a 25us interval] as defined in Clause 4.3 in TS 37.213
	0
	UE


Note: The last row in Table 1 is only applicable when UE can operate as an initiating device as configured by gNB. 

Agreement
In semi-static channel access mode, when the gNB schedules by a DCI a UL transmission in a later g-FFP that is different from the g-FFP that carries the scheduling DCI:
· The UE follows the indicated COT initiator as the following:
· If the UE validates the indicated COT initiator assumption and satisfies the applicable sensing conditions, the transmission occurs. Otherwise, the transmission is dropped.

Conclusion
There is no consensus in RAN1 to support UE-initiated COT for semi-static channel occupancy in IDLE/INACTIVE mode.

Agreement
Do not support PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation.

Agreement
Replace “9us sensing [within a 25us interval] as defined in Clause 4.3 in TS 37.213” with “9us sensing as defined in Clause x.x in TS 37.213” in the last row of Table 1 in the previous agreement and add the following notes to Table 1:
· Note 1: The intention of Clause x.x above is to describe the LBT procedure from a UE perspective when this operates as initiating device.  
· Note 2: A UE operating as initiating device may transmit an UL transmission burst(s) within its u-FFP immediately after sensing the channel to be idle for at least a sensing slot duration  if the gap between the UL transmission burst(s) and any previous transmission burst is more than 

Agreement
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



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

2. Support of UE-initiated COT for FBE based 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 determination for scheduled UL transmission
Regarding the COT initiator determination 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 operating with cross-CC scheduling, relevant COT initiator determination and validation may need to be discussed and clarified. For example, for a same FFP-g period, the DCI transmitted in cell 1 schedules a UL transmission in cell 2 by indicating gNB-initiated COT based TX for the scheduled UL. In this case, it may be needed to clarify whether the UE would need to validate the indicated COT initiator (i.e., gNB-initiated COT) based on the detection of DL transmission from the gNB. On this issue, since indicating gNB-initiated COT based TX for the scheduled UL in cell 2 would imply that the gNB has already initiated COT in the cell 2, the validation of gNB-initiated COT with DL detection may not be required (thus can be skipped) in UE side.

Proposal #3: Consider the determination/validation on the COT initiator for the scheduled UL transmission based on cross-CC scheduling.
· The validation of gNB-initiated COT (based on the detection of DL transmission) can be skipped for the scheduled UL by cross-CC (and same FFP-g) scheduling.

Moreover, considering the configuration of FFP-g periodicity per cell and cross-CC scheduling between two cells with different FFP-g period, further consideration may be necessary on the COT initiator validation according to FFP-g period relationship between the two cells.

· 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.

Similarly for the case where essential UL transmission occasion such as RACH occasion is configured at the beginning of FFP, the FFP may need to be considered (or reserved) by gNB as a default FFP-u based on UE-initiated COT.

Proposal #4: Consider to define the FFP including or starting with essential DL/UL 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 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 assume gNB-initiated COT for both RB set #1 and RB set #2, in order to avoid UE-to-gNB interference caused by some UL transmission (e.g. via the idle period of gNB FFP-g) through RB set #2 which might be unexpected to the gNB. 

For this reason, when operating on multiple RB sets, the assumptions regarding the COT initiator need to be aligned across all RB sets within a same carrier, and specifically the UE could assume either gNB-initiated COT or UE-initiated COT as the following way.

1) The UE would assume gNB-initiated COT for all RB sets, if at least for one RB set (a) the UE detected DL transmission based on gNB-initiated COT or (b) the UE has received indication from the gNB that it is based on gNB-initiated COT.
2) The UE would assume UE-initiated COT for a RB set, if the UE didn’t detect DL transmission based on gNB-initiated COT for any of RB sets and if the UE decided to assume UE-initiated COT for the RB set.

Proposal #5: Consider to align the assumption of COT initiator for multiple RB sets within a same carrier as the following way. 
· The UE would assume gNB-initiated COT for all RB sets, if at least for one RB set (a) the UE detected DL transmission based on gNB-initiated COT or (b) the UE has received indication from the gNB that it is based on gNB-initiated COT.
· The UE would assume UE-initiated COT for a RB set, if the UE didn’t detect DL transmission based on gNB-initiated COT for any of RB sets and if the UE decided to assume UE-initiated COT for the RB set.

· Consideration on COT transmission and COT sharing
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.

Furthermore, it was agreed that the DL transmission based on sharing of a UE-initiated COT shall include at least a scheduled DL or a DCI transmission for the COT-initiating UE, and whether/how the DL transmission can include the transmission to other UE and/or broadcast transmission. In order to avoid problematic situation such as UE1-to-gNB-to-UE2 COT sharing and considering legacy Rel-16 UEs which would perform UL transmission only based on sharing of a gNB-initiated COT (without UE-initiated COT capability), it would be reasonable that:

1) The above DL transmission (based on sharing of a UE-initiated COT) only include the transmission to the COT-initiating UE in case where there is UL resource allocated for other UE than the COT-initiating UE after the DL reception.
2) [bookmark: _GoBack]The above DL transmission can include the transmission to any other UE in case where there is no UL resource allocated for any UE after the DL reception or there is only UL resource allocated for the COT-initiating UE after the DL reception.

Proposal #7: Consider to allow the DL transmission based on sharing of a UE-initiated COT as the following way. 
· The DL transmission (based on sharing of a UE-initiated COT) only include the transmission to the COT-initiating UE in case where there is UL resource allocated for other UE than the COT-initiating UE after the DL reception.
· The above DL transmission can include the transmission to any other UE in case where there is no UL resource allocated for any UE after the DL reception or there is only UL resource allocated for the COT-initiating UE after the DL reception.

3. Harmonization of CG features in Rel-16 NR-U and URLLC

· 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.

· Consideration on idle period of FFP and orphan symbol
It was agreed to support PUSCH repetition type B for the unlicensed band URLLC at least when Rel-16 URLLC CG is used, and also agreed to further study on the PUSCH segmentation considering the idle period of FFP and the occurrence of orphan symbol. 

Firstly, related to the idle period of FFP, according to the current agreement, the UE can perform UL transmission in the idle period of FFP-g located within a FFP-u period if the UE has already initiated COT for the FFP-u. In this case, as previously argued, potential UE-to-gNB interference would be caused by such UL transmission in case when the COT initiator assumed by the UE and the gNB is different. On this issue, if the UL is a scheduled UL, it could be easily handled/avoided by the scheduling DCI indicating proper UL transmission timing based on gNB’s assumption. On the other hand, if the UL is a configured UL, for example, a CG PUSCH based on repetition type B with PUSCH segmentation, it may not be easy to handle/avoid the above situation or it may require additional control overhead to avoid it. Therefore, it could be reasonable for the UE not to allow transmission of the configured UL (then to treat the configured UL resource as invalid) in the idle period of FFP-g within a FFP-u period even if the UE has already initiated COT for the FFP-u.

Proposal #9: Consider not to allow transmission of the configured UL in the idle period of FFP-g located within a FFP-u period even if the UE has initiated COT for the FFP-u, in order to avoid potential UE-to-gNB interference. 

Secondly, regarding the orphan symbol created by PUSCH segmentation, in order to avoid unnecessary LBT behaviour as well as undesirable PUSCH dropping (due to LBT failure), it requires to be transmitted (rather than skipping it as in Rel-16) if the orphan symbol is between actual repetitions.

Proposal #10: Consider to support transmission of the orphan symbol created by PUSCH (repetition type B) segmentation, to avoid unnecessary LBT behaviour as well as undesirable PUSCH dropping (due to LBT failure). 

4. Conclusions
In this contribution, 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-CC scheduling.
· The validation of gNB-initiated COT (based on the detection of DL transmission) can be skipped for the scheduled UL by cross-CC (and same FFP-g) scheduling.
Proposal #4: Consider to define the FFP including or starting with essential DL/UL transmission occasions (such as SSB or CORESET#0) as default FFP-g.
Proposal #5: Consider to align the assumption of COT initiator for multiple RB sets within a same carrier as the following way. 
· The UE would assume gNB-initiated COT for all RB sets, if at least for one RB set (a) the UE detected DL transmission based on gNB-initiated COT or (b) the UE has received indication from the gNB that it is based on gNB-initiated COT.
· The UE would assume UE-initiated COT for a RB set, if the UE didn’t detect DL transmission based on gNB-initiated COT for any of RB sets and if the UE decided to assume UE-initiated COT for the RB set.
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 to allow the DL transmission based on sharing of a UE-initiated COT as the following way. 
· The DL transmission (based on sharing of a UE-initiated COT) only include the transmission to the COT-initiating UE in case where there is UL resource allocated for other UE than the COT-initiating UE after the DL reception.
· The above DL transmission can include the transmission to any other UE in case where there is no UL resource allocated for any UE after the DL reception or there is only UL resource allocated for the COT-initiating UE after the DL reception.
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.
Proposal #9: Consider not to allow transmission of the configured UL in the idle period of FFP-g located within a FFP-u period even if the UE has initiated COT for the FFP-u, in order to avoid potential UE-to-gNB interference. 
Proposal #10: Consider to support transmission of the orphan symbol created by PUSCH (repetition type B) segmentation, to avoid unnecessary LBT behaviour as well as undesirable PUSCH dropping (due to LBT failure). 
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