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Introduction
This contribution expresses our views on uplink enhancements  (especially the topics discussed in R1-2103960 ) for URLLC in unlicensed controlled environments as part of the objectives of the related Work Item [1]: 
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

In RAN1#105e, the following was agreed regarding COT initiator determination:

· 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..

· 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
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. 
Overlapping Transmissions
[bookmark: _Hlk79168283]The UE can initiate a COT by transmitting a 1st CG-PSUCH that is shorter than UE-FFP period and is aligned with a UE FFP boundary (assuming gNB has not initiated a COT in the overlapping gNB-FFP or the 1st CG-PUSCH is not confined within a gNB-FFP). In case, a 2nd CG-PUSCH with higher Phy-priority overlaps with the 1st CG-PUSCH (e.g., as shown in Figure 1), it is up to UE implementation to make sure that the low priority CG PUSCH transmission can be cancelled before the start of the high priority CG PUSCH (where to drop the LP transmission is up to UE implementation). In our understanding, at least it would be good if the UE initiates the COT (at the beginning of the LP resource to occupy the channel), if the UE is aware of presence of UL data in the HP resource prior to the LP resource. It would further help ensuring HP transmission can be sent on time (and not delayed due to LBT failure in case another UE starts an FFP) if the UE continues (does not drop) its LP transmission and only drops its LP transmission such that the gap between the terminated LP transmission and the start of HP transmission is such that no LBT is required for starting the HP transmission (in this case, the UE may have become aware of the presence of data in the HP resource at a later time w.r.t. beginning of the COT).  It is noted that based on the agreements made so far, it is not always possible to align every HP resource with UE-FFP. For example, a HP CG resource periodicity is 2 symbols, and the UE-FFP is 1ms, there is another HP CG resource in addition to the LP resource at the beginning of the FFP, but no HP data to transmit.
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[bookmark: _Ref46928424]Figure 1: The UE is required to transmit its LP UL transmission at least till the gap between the LP transmission and the HP transmission is less than the gap for which sensing is required (e.g., 16 us).

Proposal 1: UE should not drop from the beginning a first low-priority configured UL transmission initiating a UE-COT that overlaps with a later second high-priority configured UL transmission.
Proposal 2: UE should not drop a first low-priority configured UL transmission that overlaps with a later second high-priority configured UL transmission earlier than 16 us before the start of the second high-priority configured UL transmission.
UE-initiated COT for Idle/inactive UE
A motivation for an idle/inactive mode UE to initiate a CO via RACH transmission is to reduce the latency of transitioning from idle/inactive mode to RRC-connected mode. Some justifications to support such operation are as follows ([2], [3]):
· useful for power-limited URLLC sensors which frequently may go to idle/inactive mode to save power. 
· if UE cannot initiate a CO via a RACH transmission, gNB may need to initiate a CO itself to provide opportunities for UE to perform potential RACH operations. Since gNB may not be aware when a UE wants to perform the RACH procedure using the RACH occasions, relying solely on gNB-initiated COT may be inefficient, especially if gNB does not have any other DL data/control transmission in that CO.
On the other hand, in settings such as a factory, PRACH transmissions might be more predictable, and therefore, gNB-FFP might be properly configured accordingly. Besides, initial access has not been considered for licensed URLLC and HRLLC in LTE. 
Due to these reasons, we are fine to further study UE-initiated COT for idle/inactive mode UE (with lower priority compared to remaining items for RRC-connected mode such as deciding whether semi-static/dynamic COT-initiator control is needed). 
Proposal 3: UE-initiated COT for idle/inactive mode UE can be further studied (with lower priority compared to remaining items for RRC-connected mode such as deciding whether semi-static/dynamic COT-initiator control is needed).
COT-initiation control/cancelation/overriding
Semi-static control of a UE-initiated COT
Several proposals including the following have been discussed in RAN1#104b:

Proposal 6-1 (RAN1#104b):
In semi-static channel access mode when a UE can operate as an initiating device, support disabling UE-initiated COT by RRC for UL transmissions aligned with a set of UE FFP boundaries.
•	FFS on details, e.g. configuration of set, etc. 
•	Note: UE-initiated COT is considered enabled at each UE-FFP boundary once the FFP periodicity and offset are configured.

Proposal 6-2 (RAN1#104b):
In semi-static channel access mode when a UE can operate as an initiating device, support disabling UE-initiated COT by RRC for a UL transmission aligned with a UE FFP boundary.
•	FFS on disabling for a configured UL transmission and/or per configuration of the UL transmission
•	FFS on disabling for a P-CSI report configuration, or SRS, or CG
•	FFS on other details, e.g. configuration, etc. 
•	Note: UE-initiated COT is considered enabled at each UE-FFP boundary once the FFP periodicity and offset are configured.

Proposal 6-3 (RAN1#104b):
In semi-static channel access mode when a UE can operate as an initiating device, the UE can be RRC configured with a parameter to limit its COT to an indicated duration such that it ends before the idle period/CCA of a subsequent frame in the same channel
•	FFF on details, e.g. configurations

We note that gNB can control UE-initiated COT via gNB configuration of UE-FFP and configured UL transmissions (CG-PUSCH, SRS, PUCCH, etc.) to be aligned or not. In our view, semi-static COT-initiation control could be helpful for cases where depending on the CG resource duration and FFP duration still there could be semi-static blocking/collision among UEs. For instance, in the example shown in Figure 2 there could be semi-static collision between CG1 of UE1 and CG1 of UE2.

[image: ]
[bookmark: _Ref78921978]Figure 2: CG resources, and FFPs are dimensioned based on different UE traffic characteristics (arrival, packet size, etc.). Semi-static COT initiation control might be helpful to semi-statically blocking UE1 COT initiations.
 Among the above proposals, we think proposals 6-1 and 6-2 could give gNB the flexibility to further control UE COT initiation. For instance, CG1 UL transmissions for UE2 can be disabled for COT initiation to help avoid semi-statically blocking of potential COT initiations in CG1 resources of UE1. Note CG1 UL transmissions for UE2 could be carried on within gNB initiated COTs though (could potentially block COT initiation in CG1 resources of UE1, however, since gNB has acquired a COT, UE1 can be scheduled for UL transmissions within the gNB COT).

Proposal 4: In semi-static channel access mode, when a UE can operate as an initiating device, further discuss disabling UE-initiated COT by RRC for a UL transmission aligned with a (set of) UE FFP boundary(ies), for cases that gNB implementation cannot achieve such disabling, if any.
Dynamic control of a UE-initiated COT
[bookmark: _Hlk78926913]During RAN1#104b, the following proposals discussed:

Proposal 7-4 (RAN1#104b)
In semi-static channel access mode when a UE can operate as an initiating device, for a UL transmission, the UE can be dynamically indicated to change its assumption on the associated COT initiator for the UL transmission.
•	FFF on details, e.g. signaling details

Proposal 7-5 (RAN1#104b)
In semi-static channel access mode when a UE can operate as an initiating device, for a DL reception, the UE can be dynamically indicated to change its assumption on the associated COT initiator for the DL reception.
•	FFF on details, e.g. signaling details

In our view, the COT initiator assumption of an UL transmission could determine whether the transmission can overlap with an idle period of other FFPs than the one associated with COT initiator. Given the agreements made in RAN1#103e and RAN1#105e regarding COT initiator determination, the following observations are made:
· Case 1: The content in the scheduling DCI determines whether the scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT
· Observation for case 1:
· if the UE receives a dynamic indication to change the COT initiator assumption from that of determined based on the scheduling DCI, the transmission can occur in the idle period of FFP determined from the scheduling DCI. In our view, to specify such functionality, a timeline needs to be specified for receiving the dynamic indication w.r.t. the scheduling DCI. Noting that if the UL transmission does not overlap with the idle period of FFP determined from the scheduling DCI in the first place, the benefit of the dynamic indication is not clear, we suggest to further discuss the proposal later.   
· Case 2: Configured UL transmission aligned with UE FFP boundary and ends before the idle period of that UE FFP:
· According to the agreement: 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
· Observation for case 2: since the COT initiator determination depends on whether gNB has already initiated a gNB-FFP, we think first it would be good to clarify how UE performs such determination, and then discuss the above proposals. Besides, for configured UL transmission, there seems to be less/no motivation for changing the COT initiator assumption (e.g., as gNB may be unaware of data size variations among configured UL resources). 

Observation 1: Dynamic indication to change UE’s assumption on the associated COT initiator for a dynamically scheduled UL transmission could allow transmission within the idle period of the former FFP as determined based on the scheduling DCI if the scheduled UL transmission overlaps with the idle period.
· a timeline needs to be specified for receiving the dynamic indication w.r.t. the scheduling DCI.
Observation 2: Dynamic indication to change UE’s assumption on the associated COT initiator for a configured UL transmission seems to have lower importance compared to that for dynamically scheduled UL transmission.
Proposal 5: Discuss dynamic indication to change UE’s assumption on the associated COT initiator with low priority considering applicability to dynamic scheduling when the transmission overlaps with the idle period of FFP determined from the scheduling DCI.   
UL-DL COT sharing
[bookmark: _Ref63253265]Constraint on DL content
In RAN1#104, it was discussed when gNB shares a UE-COT whether LBE restrictions on content and duration of DL transmission can be relaxed for FBE in a controlled environment. Such relaxations may include 
(a) transmitting unicast DL data to a different UE than the one initiated a COT within the UE-initiated COT, and
(b) removing/relaxing limitation on DL duration with the UE-initiated COT
(c) ED threshold being solely dependent on the UE’s transmit power instead of gNB’ transmit power.
It would be good to analyze the specification impacts/implications of allowing (a), especially if for each UL-DL switching within the UE-COT, a DL transmission also needed to be sent to the UE initiating the COT (even if that UE does not have any DL data pending). An alternative way to schedule unicast DL to another UE is to cancel the UE-initiated COT (if COT cancellation is agreed) and initiating a new COT by gNB at the expense of delay in scheduling.
Determining if gNB is the COT initiator
If UE1 initiates a COT and shares it with the gNB, UE2 upon reception of DL signals from gNB, might assume the COT is the gNB-initiated COT and therefore transmits its configured UL transmissions according to gNB-FFP. This issue is summarized in point 1-12 of [4]. Three sets of solutions have been proposed by companies: 
(1) gNB indicates the COT information (e.g., whether the COT is gNB-COT or UE-COT or the remaining duration of COT, etc.)  
(2) gNB cancels the COT for UE2
(3) if UE2 detects a GC or BC signaling at the beginning of the gNB-FFP, UE2 assumes it is gNB-FFP otherwise it is not gNB-FFP.
In our view, such determination is mainly helpful for cross FFP cases or for configured UL transmissions of UE2 as for dynamically scheduled ones, gNB already indicates the COT initiator via scheduling DCI. In our view, if UE-initiated COT for idle/inactive UE (for UE2) is supported, UE2 determines the COT initiator based on BC signaling.
Proposal 6: If UE-initiated COT for idle/inactive UE is supported, a UE can transmit CG-PUSCH in a gNB-FFP, upon receiving a broadcast signal from gNB at the beginning of the gNB-FFP (subject to existing rules such as sensing prior to transmission).

Managing the first UL transmission burst after COT initiation
To increase the likelihood of the first UL transmit burst initiating a UE-COT being decoded at the gNB, UEs initiating the COT can be allowed to transmit their first UL transmission burst after acquiring the COT with higher power than usual.
Proposal 7: For the case of UE-initiated COT with configured grant PUSCH transmission, the transmit power at the beginning of the acquired FFP can be higher than the transmit power associated with PUSCH transmissions of the configured grant (in transmission occasions other than those of the beginning of the acquired FFP).
Similar to the case of overlapping CG resources, to reduce (to some extent) the gap g1 between a low-priority UL transmission initiating a UE-COT and a following high-priority UL transmission with a gap larger than 16 us, applying a CP extension for the second transmission to keep the effective gap short seems useful.
[image: ]
[bookmark: _Ref46384823]Figure 3: Extended HP UL transmission; the gap g2 does not require channel sensing after the LP UL transmission

Proposal 8: For the case of UE-initiated COT with configured grant PUSCH transmission, when a first UL transmission burst is followed by a high priority second UL transmission burst on CG resources and if the gap is more than 16µs between the two transmissions, a CP is extended for the second transmission to keep the effective gap under 16µs

Conclusions
This contribution provided our views regarding uplink enhancements for URLLC in unlicensed controlled environments as follows:
Proposal 1: UE should not drop from the beginning a first low-priority configured UL transmission initiating a UE-COT that overlaps with a later second high-priority configured UL transmission.
Proposal 2: UE should not drop a first low-priority configured UL transmission that overlaps with a later second high-priority configured UL transmission earlier than 16 us before the start of the second high-priority configured UL transmission.
Proposal 3: UE-initiated COT for idle/inactive mode UE can be further studied (with lower priority compared to remaining items for RRC-connected mode such as deciding whether semi-static/dynamic COT-initiator control is needed).
Proposal 4: In semi-static channel access mode when a UE can operate as an initiating device, further discuss disabling UE-initiated COT by RRC for a UL transmission aligned with a (set of) UE FFP boundary(ies), for cases that gNB implementation cannot achieve such disabling, if any.
Proposal 5: Discuss dynamic indication to change UE’s assumption on the associated COT initiator with low priority considering applicability to dynamic scheduling when the transmission overlaps with the idle period of FFP determined from the scheduling DCI.
[bookmark: _Hlk61879184]Proposal 6: If UE-initiated COT for idle/inactive UE is supported, a UE can transmit CG-PUSCH in a gNB-FFP, upon receiving a broadcast signal from gNB at the beginning of the gNB-FFP (subject to existing rules such as sensing prior to transmission).
Proposal 7: For the case of UE-initiated COT with configured grant PUSCH transmission, the transmit power at the beginning of the acquired FFP can be higher than the transmit power associated with PUSCH transmissions of the configured grant (in transmission occasions other than those of the beginning of the acquired FFP).
Proposal 8: For the case of UE-initiated COT with configured grant PUSCH transmission, when a first UL transmission burst is followed by a high priority second UL transmission burst on CG resources and if the gap is more than 16µs between the two transmissions, a CP is extended for the second transmission to keep the effective gap under 16µs
Observation 1: Dynamic indication to change UE’s assumption on the associated COT initiator for a dynamically scheduled UL transmission could allow transmission within the idle period of the former FFP as determined based on the scheduling DCI if the scheduled UL transmission overlaps with the idle period.
· a timeline needs to be specified for receiving the dynamic indication w.r.t. the scheduling DCI.
Observation 2: Dynamic indication to change UE’s assumption on the associated COT initiator for a configured UL transmission seems to have lower importance compared to that for dynamically scheduled UL transmission.
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