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Introduction
In the RAN#88 meeting, the scope for URLLC in unlicensed controlled environments in Rel-17 URLLC WI was finally determined [1]. Only the following two aspects for uplink enhancements are included.
a. Specify support for UE-initiated COT for FBE with minimum specification effort
b. Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
And in RAN1#106bis-e meeting, some agreements about the two issues above were made [2]. In this contribution, based on the achieved agreements, we continuously discuss the details of the UE-initiated COT for FBE and harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16.
UE-initiated COT for FBE
In the following section, we will share our views on wideband operation and basic principles on COT-ownership and sensing.
1.1 COT initiator assumption for wideband operation
In RAN1 #106e and #106b-e meeting, it has been discussed that for wideband operation whether the assumption on COT-initiator should be aligned across different RB sets or not.
For wideband operation, whether to align COT-initiator assumption across RB sets is the common issue for FBE and LBE. However, in our views, according to the agreements of Rel-16 wideband operation and TS 37.213 [3], COT-initiator assumption across RB sets has not been discussed for LBE. Aligned COT-initiator assumption across RB sets introduces some specification impact and may not apply to some cases. For example, if aligned COT-initiator assumption across RB set #1 and #2 is assumed, PUSCH1 will be dropped when UE assesses or has received indication from the gNB that it shall operate as an initiating device for RB set #2 and the gap between DL transmission and PUSCH1 is 0.


Figure 1 UL transmission with RB set #1 and #2
In Rel-16, guard band was introduced to suppress out-of-band emission and guard band also can be used to suppress interference of UE-to-gNB or different RB sets. According to the above analysis, there is no need to optimize COT-initiator assumption across RB sets. A UL transmission allocated multiple RB sets can be transmit when all COT initiator assumption are validated in each RB set. For example, in Figure 2, a configured UL transmission PUSCH1 is allocated RB set #1 and RB set #2 and a gNB-FFP has initiated in RB set #1. In this condition, PUSCH1 can be transmited by sharing gNB’s COT in RB set #1 and initiating a UE-FFP in RB set #2. PUSCH3 belong to the UL transmission burst including PUSCH1. After PUSCH1 is transmited based on sharing gNB’s COT in RB set #1 and initiating COT by UE itself in RB set #2, PUSCH2 can be transmited without LBT but PUSCH3 should not transmit without LBT for overlapping with the idle period of gNB-FFP in the time domain resource.


Figure 2 UL transmission burst with RB set #1 and #2
For semi-static channel access mode and a LBT BW, when operating on multiple LBT BWs, all the UL transmissions included in a UL transmission burst should occupy the same LBT BWs and this can avoid introducing unnecessary complexity for UE. For example, in Figure 3, PUSCH1 scheduled by DCI and UE is indicated that it shall operate as an initiating device for RB set #1, PUSCH2 and PUSCH3 are configured UL transmission, and PUSCH1, PUSCH2 and PUSCH3 belong to a UL transmission burst in RB set #1. PUSCH1 occupies RB set #1, PUSCH2 and PUSCH3 occupy RB set #1 and #2. PUSCH 2 and PUSCH3 can be transmitted without LBT based on configured UL transmission regulation when PUSCH1 has initiated a CO but it is not reasonable. In order to avoid introducing unnecessary complexity for UE, all the UL transmissions of a UL transmission burst should occupy the same LBT BWs. Similar regulation also can be introduced for DL transmission burst.


Figure 3 different PUSCH belong to same UL transmission burst occupy different RB set
Proposal 1: For semi-static channel access mode, when operating on multiple LBT BWs, all the transmissions within a transmission burst should occupy the same LBT BWs.
Proposal 2: 
· It’s not necessary to align COT-initiator assumption across RB sets.
· For semi-static channel access mode, when operating on multiple LBT BWs,
· A UL transmission can be transmited if all COT initiator assumption are validated in each LBT BW.
· A UL transmission should be dropped if any COT initiator assumptions are not validated in corresponding LBT BWs. 
1.2 Basic principles on COT-ownership and sensing
As discussed in FL summary [4], Proposed conclusion 7-1 was provide by moderator as bellow,
	Proposed conclusion 7-1:
Basic principles on COT-ownership and sensing are described below in Set A, B and Set C:
Set A:
1. Any transmission is associated to an FFP with an owner that can initiate the corresponding COT.
2. [For a transmission burst that includes multiple transmissions, the associated COT-ownership for all transmissions in the transmission burst is the same.]
3. COT-ownership is per transmission burst.
a. Associated COT-ownership for any two transmission bursts within an FFP (UE-FFP or gNB-FFP) can be same or different.
4. For a transmission burst that includes multiple transmissions, if sensing is applicable for the 1st transmission, the following is applied:
a. For the 1st transmission that is applicable for sensing, if the sensing fails that transmission is dropped and the sensing would be applicable to the next transmission in the burst, if any.
b. For the 1st transmission that is applicable for sensing, if the sensing succeeds that transmission occurs and no sensing would be applicable to the remaining transmissions in the burst, if any.
Set B:
1. Multiple scheduled UL transmissions that are scheduled by a single DCI, apply the same COT-ownership by the scheduling DCI.
a. Examples are dynamic repetitions of PUSCH or PUCCH, scheduling multiple PDSCHs/PUSCHs by single DCI.
Set C:
1. A cross-FFP scheduled UL transmission refers to a UL transmission scheduled in a g-FPP by a scheduling DCI in a different g-FPP. 
2. A same-FFP scheduled UL transmission refers to a UL transmission scheduled in a g-FPP by a scheduling DCI in the same g-FPP. 
3. For a cross-FFP scheduled UL transmission, the UE should validate the indicated COT-ownership by DCI. If it is not validated, the scheduled UL transmission is dropped.
4. For a same-FFP scheduled UL transmission, the UE follows the indicated COT-ownership by DCI. 


1.2.1 COT-ownership for transmission burst
For LBE mode, according to the description in TS 37.213 [3] highlighted as below, gNB shall schedule UL transmissions within gNB’s COT without gaps between consecutive UL transmissions. Consecutive transmissions without gaps can avoid unnecessary CCA and reduce the risk of lose channel occupancy. A transmission burst with some gaps no more than 16us may not get a significant gain. Therefore, for semi-static channel access mode, gNB shall schedule consecutive UL transmissions without gaps also if they can be scheduled contiguously.
	4.2.1.0.3	 Conditions for indicating Type 2 channel access procedures
...
The eNB/gNB shall schedule UL transmissions between  and  without gaps between consecutive UL transmissions if they can be scheduled contiguously. For a UL transmission on a channel that follows a transmission by the eNB/gNB on that channel using Type 2A channel access procedures as described in clause 4.2.1.2.1, the UE may use Type 2A channel access procedure for the UL transmission.


Proposal 3: For semi-static channel access mode, gNB shall also schedule consecutive UL transmissions without gaps if they can be scheduled contiguously.
[bookmark: OLE_LINK2]For a transmission burst that includes multiple transmissions, different transmission associated with different COT-ownership can not achieve additional gain especially for consecutive transmissions. If 2 consecutive transmissions without gap or with a gap less than 9us associate with different COT-ownership, the latter transmission will be dropped since CCA before immediately transmitting latter transmission is failed. Therefore, although COT-ownership is indicated or determined by per transmission, different COT-ownership should not be applied for different transmission in a burst. For a transmission burst that includes multiple transmissions, the associated COT-ownership for all transmissions in the transmission burst should be the same for simplicity. 
Proposal 4: For a transmission burst that includes multiple transmissions, the associated COT-ownership for all transmissions in the transmission burst should be the same.
1.2.2 COT-ownership validation
According to the agreement and conclusion of RAN1 #105-e and #106-e as bellow,
	· Alt-a is taken in the following agreement:
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 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
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


COT-ownership of a scheduled UL transmission is indicated by DCI for same-FFP and cross-FFP scheduling and the scheduled UL transmission can be transmitted after the UE validates the indicated COT-ownership based on the conclusion of RAN1 #106-e. Additional discussion for same-FFP scheduling is not necessary and the conclusion and agreement of RAN1 #105-e and #106-e can cover this case. For a same-FFP scheduled UL transmission, the UE follows the indicated COT-ownership by DCI and the UE should validate the indicated COT-ownership by DCI at least for the case that UE is indicated as the COT initiator. For example, in Figure 4, gNB can not ensure that the indicated COT-ownership is valid for PUSCH1 and PUSCH2. UE should validate the indicated COT-ownership by DCI before transmitting PSUCH1 and PUSCH2.


Figure 4 Scheduling UL transmission in same-FFP 
Proposal 5: For a same-FFP scheduled UL transmission, the UE follows the indicated COT-ownership by DCI and the UE should validate the indicated COT-ownership by DCI at least for the case that UE is indicated as the COT initiator.
Harmonizing UL configured-grant enhancements in NR-U and Rel-16 URLLC
1.3 Discussion on impact of processing timeline for PUSCH segmentation on the UE behavior
In RAN1#106bis-e meeting, in semi-static channel access mode, it was agreed that PUSCH segmentation before and/or after the idle period is done as shown below, but if the time when the COT initiator is determined does not satisfy the processing timeline as in Rel-15/16, the UE behavior is FFS. We will analyse the details of the impact of processing timeline in the following.  
	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


In our understanding, this issue may happen only when both the UE and the network could be the COT initiator for an UL transmission and the UE should determine who is the COT initiator before the UL transmission. For DG PUSCH, the scheduling information and COT initiator are determined by DCI, so there is no timeline problem. The agreements related to how to determine the COT initiator for configured UL transmission are shown below.
	Agreement:(RAN1#103-e)
In semi-static channel access mode:
· When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, down-select one of the following:
· 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.
· Alt-c: The UE assumption on whether the configured UL transmission is allowed to correspond to UE-initiated COT is based on gNB configuration.
· When a configured UL transmission starts after a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE:
· If the UE has already initiated the UE FFP, then UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Otherwise, If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and if the UE has already determined that gNB has initiated that gNB FFP, then UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
· FFS on other conditions for determining the corresponding UE or gNB initiated COT
· Note: A configured UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.
Agreement:(RAN1#105-e)
· Alt-a is taken in the following agreement:
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..



It was agreed that if a UE has already initiated the UE FFP, the UL transmission within the FFP corresponds to the UE-initiated COT. In other words, the COT initiator can only be UE for the transmission within the FFP as long as it has initiated the UE FFP. If a UE has not initiated the UE FFP yet, the initiator of COT for the UL transmission can only be the network since the transmission can only rely on the COT shared by the network. Therefore, only the UL transmission starting from the UE FFP boundary needs discussion. 
Observation 1: Only the UL transmission starting from the UE FFP boundary needs discussion.
The PUSCH preparation is up to the UE implementation purely. Anyway, the UE should ensure the sufficient time for PUSCH preparation before the transmission. That is to say, the UE should determine the COT initiator before a specific time point. If the UE has already detected a DCI including the COT sharing information, then the UE assumes that the UL transmission corresponds to the gNB-initiated COT. If the UE has not detected a DCI including the COT sharing information, it has to prepare the PUSCH with the assumption that the UL transmission corresponds to UE-initiated COT so that the PUSCH can be transmitted in the case of successful LBT during the idle period. 
For the COT initialized by the network, the UE should detect the DCI including COT sharing information first and then prepare the PUSCH. This is quite similar as dynamic scheduled PUSCH, where the only difference is the DCI information. In this case, the current PUSCH processing time defined in TS38.214 can be used for determination.
· If the interval between the PDCCH carrying the COT sharing information and the PUSCH transmission is not less than Tproc,2 by taking the effect of timing advance into account, the PUSCH transmission corresponds to the gNB-initiated COT as shown in the left part of Figure 5.
· If the interval between the PDCCH carrying the COT sharing information and the PUSCH transmission is less than Tproc,2 by taking the effect of timing advance into account, the PUSCH transmission corresponds to the UE-initiated COT, if transmitted, as shown in the right part of Figure 5.
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Figure 5 The impact of processing timeline for PUSCH repetition type B
Therefore, we think the COT initiator is clear and there is no issue on this.
Proposal 6: If the interval between the PDCCH carrying the COT sharing information and the PUSCH transmission is not less than Tproc,2 by taking the effect of timing advance into account, the PUSCH repetition is transmitted with the assumption of gNB-initiated COT; Otherwise, the PUSCH repetition is transmitted with the assumption of UE-initiated COT.
1.4 Enhancements impacting RRC
1.4.1  Configuration aspects of CG Harmonization
For interaction with DL/UL directions, different rules are defined for CG PUSCH in Rel-16 URLLC and NR-U in case dynamic SFI is configured while not received. More specifically, the rules are summarized as following.
· URLLC rules: If dynamic SFI is not received for at least one symbol of an actual repetition, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· NR-U rules: If EnableConfiguredUL-r16 is not provided, the CG-PUSCH is not transmitted if it conflicts with a semi-static flexible symbol. If EnableConfiguredUL-r16 is provided, the CG-PUSCH can be transmitted.
Based on the above analysis, we should clarify how to configure EnableConfiguredUL-r16 when the cg-RetransmissionTimer-r16 is not configured. If NR-U rules can not be reused to determine the transmission of actual repetition to accommodate URLLC feature, we propose not to support the configuration of EnableConfiguredUL-r16 for operation in unlicensed spectrum when the cg-RetransmissionTimer-r16 is not configured. Otherwise, EnableConfiguredUL-r16 should be applied to actual repetition. That is, if dynamic SFI is not received and EnableConfiguredUL-r16 is not provided, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. And if dynamic SFI is not received but EnableConfiguredUL-r16 is provided, the actual repetition can be transmitted.
Observation 2: It is needed to clarify how to configure EnableConfiguredUL-r16 when the cg-RetransmissionTimer-r16 is not configured. 
Proposal 7: For RRC parameter EnableConfiguredUL-r16, when the cg-RetransmissionTimer-r16 is not configured:
· If NR-U rules can not be reused to determine the transmission of actual repetition to accommodate URLLC feature, do not support configuration of EnableConfiguredUL-r16 for operation in unlicensed spectrum.
· Otherwise, EnableConfiguredUL-r16 should be applied to actual repetition:
· If dynamic SFI is not received and EnableConfiguredUL-r16 is not provided, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. 
· If dynamic SFI is not received but EnableConfiguredUL-r16 is provided, the actual repetition can be transmitted. 
1.4.2  CG configuration and cg-RetransmissionTimer 
As discussed in FL summary [4], whether RRC parameter channelAccessPriority is needed and whether the COT sharing information should be included within the cg-UCI are raised as shown below.
	Proposal 5B-1
The following RRC parameters is NOT needed when UE is configured to operate with semi-static channel access mode. 
· channelAccessPriority
Proposal 5B-2
When cg-RetransmissionTimer-r16 is enabled, Tthe COT sharing initiator information should be included within the cg-UCI which is piggybacked in each of the CG UL transmissions.


For RRC parameter channelAccessPriority (CAPC), it is indeed unnecessary for semi-static channel access mode(FBE), because different levels of CAPC are used to indicate the COT duration only in dynamic channel access mode. But currently CAPC is mandatory in cg-COT-SharingList when configured. If CAPC is deleted, the COT sharing information field redesign is needed. In order to avoid specification impact at this stage, CAPC should be remained and CAPC is set to default value by the UE and ignored by the network.
For the COT sharing information, the other two parameters duration-r16 and offset-r16 can be used to accurately indicate the information of the shared UE-initated COT. Besides, a specific row can be used to indicate to not share UE-initated COT in the cg-COT-SharingList. Therefore, we think the COT sharing information should be included within the cg-UCI.           
Proposal 8: The RRC parameter channelAccessPriority can be retained when UE is configured to operate with semi-static channel access mode.
Proposal 9: When cg-RetransmissionTimer-r16 is enabled, the COT sharing initiator information should be included within the cg-UCI which is piggybacked in each of the CG UL transmissions.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: For semi-static channel access mode, when operating on multiple LBT BWs, all the transmissions within a transmission burst should occupy the same LBT BWs.
Proposal 2: 
· It’s not necessary to align COT-initiator assumption across RB sets.
· For semi-static channel access mode, when operating on multiple LBT BWs,
· A UL transmission can be transmited if all COT initiator assumption are validated in each LBT BW.
· A UL transmission should be dropped if any COT initiator assumptions are not validated in corresponding LBT BWs. 
Proposal 3: For semi-static channel access mode, gNB shall also schedule consecutive UL transmissions without gaps if they can be scheduled contiguously.
Proposal 4: For a transmission burst that includes multiple transmissions, the associated COT-ownership for all transmissions in the transmission burst should be the same.
Proposal 5: For a same-FFP scheduled UL transmission, the UE follows the indicated COT-ownership by DCI and the UE should validate the indicated COT-ownership by DCI at least for the case that UE is indicated as the COT initiator.
Proposal 6: If the interval between the PDCCH carrying the COT sharing information and the PUSCH transmission is not less than Tproc,2 by taking the effect of timing advance into account, the PUSCH repetition is transmitted with the assumption of gNB-initiated COT; Otherwise, the PUSCH repetition is transmitted with the assumption of UE-initiated COT.
Proposal 7: For RRC parameter EnableConfiguredUL-r16, when the cg-RetransmissionTimer-r16 is not configured:
· If NR-U rules can not be reused to determine the transmission of actual repetition to accommodate URLLC feature, do not support configuration of EnableConfiguredUL-r16 for operation in unlicensed spectrum.
· Otherwise, EnableConfiguredUL-r16 should be applied to actual repetition:
· If dynamic SFI is not received and EnableConfiguredUL-r16 is not provided, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. 
· [bookmark: _GoBack]If dynamic SFI is not received but EnableConfiguredUL-r16 is provided, the actual repetition can be transmitted. 
Proposal 8: The RRC parameter channelAccessPriority can be retained when UE is configured to operate with semi-static channel access mode.
Proposal 9: When cg-RetransmissionTimer-r16 is enabled, the COT sharing initiator information should be included within the cg-UCI which is piggybacked in each of the CG UL transmissions.
Observation 1: Only the UL transmission starting from the UE FFP boundary needs discussion.
Observation 2: It is needed to clarify how to configure EnableConfiguredUL-r16 when the cg-RetransmissionTimer-r16 is not configured. 
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