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Introduction
This contribution expresses our views on COT-initiator determination for URLLC in unlicensed controlled environments. This contribution is a revised version of R1-2103612. 
UE-initiated COT for FBE
One motivation for UE-initiated COT is to reduce the latency of UL transmissions in configured resources (such as configured grant PUSCH transmission, and SR) as gNB is not aware if there is any transmission that occurs in those resources and the gNB itself may not have any DL or UL data/control/reference signal to schedule/transmit and hence may not sense the channel to acquire a COT. For scheduled transmissions, UE initiated COT is also useful as it avoids the need to wait to receive a DL transmission prior to UL transmission outside the COT it was scheduled in. 

COT-initiator Determination
Configured UL transmissions aligned with UE FFP boundary
The following was agreed in RAN1#104:

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.
And the following was agreed in RAN1#103:
· 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.


In the table below, we summarize our understanding based on the points raised during the last meeting discussions (see [1]):

	Scheme
	benefits
	Drawbacks
	Comments

	Alt-a
	· at most 25 us gap needed prior to UL transmission
	· Misunderstanding regarding the COT initiator between UE & gNB if UE does not detect the DL transmission burst
	

	Alt-b
	· No misunderstanding between UE and gNB (assuming gNB has received the UL transmission correctly)
· UE power saving opportunity by skipping some DL signals/channels: SSB, SIB, … 
	· max(0.05 u-FFP, 100 us) gap (compared to at most 25 us gap needed in Alt-a) is needed before UE-initiated COT. For 10ms u-FFP, gap is at least 7 symbols for 15 KHz SCS.
 
	detecting DL burst (or gNB-COT) needed if UE has not initiated a COT



Based on the above comparison and assuming each UL transmission within u-FFP and g-FFP can belong to either of UE-initiated COT or gNB-COT if both UE and gNB initiated COTs for their respective FFPs,  we propose:

Proposal 1: For configured UL transmissions, 
· for large UE-FFP periodicities (e.g., {4, 5, 10} ms) adopt Alt-a, and 
· for small  UE-FFP periodicities (e.g., { 1, 2, 2.5} ms) adopt Alt-b.

Scheduled UL transmissions
The following was agreed in RAN1#104e:

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, the gNB can schedule by a DCI UL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The UL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.


In the table below, we summarize our understanding based on the points raised during the last meeting discussions:

	Scheme
	benefits
	Drawbacks

	Alt-a
	· Flexibility
· No/less rules
· LBT field already exists in DCI format x-1 with one reserved state that can be used to indicate UE as “COT initiator” 
	· UE behaviour for subsequently scheduled UL transmissions in case UE could not initiate a COT (e.g., due to missing a DCI scheduling the UL transmission to initiate a COT or due to LB failure) should be defined
· Rules may need to be defined in case of cross g-FFP scheduling or if COT initiator field in DCI is not present  

	Alt-b
	· Unified behaviour between configured and scheduled UL transmissions, especially if rules are to be defined also for Alt-a
	· No/Less flexibility



In addition to the comparisons provided in the table above, we would like to share some examples, in which having a different COT initiator for consecutively scheduled UL transmissions might be useful in terms of less LBT gap. In the examples, PUSCH-g refers to a PUSCH transmission that is sent based on gNB being COT initiator, and PUSCH-u refers to a PUSCH transmission that is sent based on UE being COT initiator.

[image: ]
[bookmark: _Ref71075141]Figure 1: gNB has initiated a COT in G-FFP1 (e.g., to serve other UEs or to schedule the UE). DCI1 schedules PUSCH-g and DCI2 schedules PUSCH-u. The UE has not initiated a COT in U-FFP1. PUSCH-g is not aligned with a u-FFP boundary, and transmitted based on gNB as COT initiator. PUSCH-u can be sent during g-idle (if COT initiator for PUSCH-u is indicated to be the UE) as gNB does not have any other data to initiate a g-COT in G-FFP2. g-idle is longer than u-idle. 
[image: ]
Figure 2: UE1 has already initiated a COT due to 1st CG-PUSCH transmission (e.g., as CG-PUSCH is aligned with U-FFP1 boundary). gNB knows there is a 2nd CG-PUSCH coming up, and would like to schedule UL transmission right after the 2nd CG-PUSCH. The 2nd CG-PUSCH is sent according to UE-COT (e.g., based on the agreed UE behaviour for determining the COT initiator in case of CG transmissions), and transmitting PUSCH-u according to UE-COT could avoid LBT prior to PUSCH-u transmission; whereas LBT maybe required if PUSCH-u is instead a PUSCH-g as it has to be transmitted assuming g-COT. gNB wants to schedule a PUSCH for UE2, to be able to do that PUSCH-g for UE1 needs to be sent assuming g-COT.
 
Considering the above analysis and examples, and noting that the aggregation level for the PDCCH scheduling UL transmission may be chosen large enough to reduce the probability of missing DCI, also remarking in a controlled environment chance of LBT failure can be low (when network assigns resources properly among UEs), we are fine to support Alt-a. We prefer to have the COT initiator field be present all the time, which can reduce UE complexity. For cross FFP scenario, in our view, if the indicated COT initiation cannot be achieved, the UE would not transmit the UL transmission which we believe is aligned with the general agreement regarding cross FFP.

[bookmark: _Hlk68419956]Proposal 2: In semi-static channel access mode when a UE can operate as initiating device, the UE determines if a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT according to the scheduling DCI (i.e., adopt Alt-a).
· The COT initiator field is always present
· The UE would not transmit the scheduled UL transmission if the indicated COT initiation cannot be achieved. 

Conclusions
This contribution provided our views regarding COT-initiator determination for URLLC in unlicensed controlled environments as follows:
Proposal 1: For configured UL transmissions, 
· for large UE-FFP periodicities (e.g., {4, 5, 10} ms) adopt Alt-a, and 
for small  UE-FFP periodicities (e.g., { 1, 2, 2.5} ms) adopt Alt-b.
Proposal 2: In semi-static channel access mode when a UE can operate as initiating device, the UE determines if a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT according to the scheduling DCI (i.e., adopt Alt-a).
· The COT initiator field is always present
· The UE would not transmit the scheduled UL transmission if the indicated COT initiation cannot be achieved. 
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