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Introduction
This contribution expresses our views on uplink enhancements 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
This contribution is a revised version of R1-2100995. 
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. 
UE-FFP Configuration
The following was agreed in RAN1#104:

Agreement:
· In semi-static channel access mode, UE FFP periodicity is chosen from the following set of values in ms: {1, 2, 2.5, 4, 5,10}.
· FFS on other values

Agreement:
· In semi-static channel access mode:
· An FFP period for UE-initiated COT is configured as the same, integer multiple of, or inter-factor of the FFP period configured for gNB-initiated COT 
· FFP period for UE-initiated COT can be configured independently from FFP period of gNB-initiated COT, if the UE indicates the corresponding capability
· FFP offset for UE-initiated COT is the starting point of first UE FFP relative to the radio frame X boundary.
· The offset value range is 0 ≤ offset ＜FFP period of UE-initiated COT
· FFS on X (e.g. X=0, or X= even index number)
Configured grant/SR/CSI report periodicities include periodicity subsets from{1, 2, 4, 5, 8, 10, 16, 20} slots, so 8ms could be added to allow more COT initiation opportunities. In that case, the FFP pattern repeats every 40ms. 
If no additional FFP periodicity is added, it seems there is no difference between choosing X=0 or X= even index number. If additional FFP periodicities are added, in our view, if repeating UE-FFP pattern every 20 ms simplifies UE implementation in keeping track of gNB-FFP and UE-FFP and their respective idle times, choosing X=even index number (or even multiple of 20 ms e.g., if 8ms added) might be a more desirable choice. 
Proposal 1: FFP offset for UE-initiated COT is the starting point of first UE FFP relative to an even index radio frame boundary.
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 more basic items such as determining if a COT is associated to a UE or gNB). 
Proposal 2: UE-initiated COT for idle/inactive mode UE can be further studied (with lower priority compared to more basic items such as determining if a COT is associated with a UE or gNB).
[bookmark: _Hlk68358447]Constraints on transmission during idle periods
During the last meeting, it was extensively discussed whether UE should mute its transmission during its gNB’idle period. The following alternatives were discussed:

· In semi-static channel access mode, decide among the following alternatives:
· Alt-1: The UE is not allowed to transmit during the idle period of any FFP associated with the serving gNB 
· Alt-2: As an initiating device, the UE is allowed to transmit during the idle period of any FFP associated with the serving gNB
· Note: In case Alt.2 is supported, it should be captured as conclusion due to previous agreement. 
· Alt-3: A UE as an initiating device, “by default”, is not allowed to transmit during the idle period of any FFP associated with the serving gNB.
· The UE transmission during the idle period of any FFP associated with the serving gNB can be enabled by RRC.
· Note: In case of no agreement on selection of one of the alternatives above, it should be captured as conclusion that Alt-2 is supported due to previous agreement. 

It is important to not let UE transmissions (in UE-initiated COT)  block gNB’s idle periods to give a chance to gNB to initiate a COT in case it has (at least) DL data (which could be urgent data e.g., with high priority HARQ-ACK) for several UEs. It has been argued that gNB could control UL transmissions during it’s idle period via proper configuration (e.g., of UL grants) and scheduling. However, it seems for configured UL transmissions with short periodicity (e.g., 1 slot) such gNB control may not be possible for all SLIV values. The impact is more pronounced for long gNB-FFPs (e.g., 10 ms) for which occupying gNB-idle by UE’s UL transmissions may delay UL and DL scheduling for other UEs significantly. In our view, RRC signaling enabling/disabling transmissions on gNB-idle would not help UEs mute their transmissions in gNB-idle when gNB has dynamic UL/DL scheduling to send. To disable UE’s UL transmission during gNB-idle, dynamic signaling seems needed. In our view, disabling UL transmissions during gNB-idle by specification could avoid adding an extra dynamic indication for this purpose.    

Proposal 3: The UE is not allowed to transmit during the idle period of any FFP associated with the serving gNB (i.e., adopt Alt-1).

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.
Alt-b is quite straight forward and there is no misunderstanding between UE and gNB. However, it could necessitate using a lot of dynamic COT-cancellation indications, depending on the number of UEs having pending UL transmissions as no other UE can transmit within another UE’s initiated COT. Alt-a on the other hand requires determining if the gNB has initiated a COT or not (based on detecting a DL transmission burst) which seems needed anyways as in Rel-16. In Alt-a, if the UE misses the DL transmission burst, it would transmit assuming UE-initiated COT, and if the UE falsely detects a DL transmission burst, it would transmit assuming gNB-COT. In our view, we don’t see any major issue given the conditions of Alt-a, and especially if proposal 3 is agreed (i.e., the UE is not allowed to transmit during the idle period of any FFP associated with the serving gNB.). Given this analysis, we propose:

Proposal 4: 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(i.e., adopt Alt-a).

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

Also, 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 our view, Alt-b is a unified scheme for both dynamic and configured transmissions. It seems for Alt-a, if gNB schedules two UL transmissions consecutively (e.g., with a small gap in between), wherein the UE is instructed to transmit the first UL transmission by initiating a UE-COT, and the second transmission according to the supposedly UE-initiated COT, if the UE misses the first UL grant, additional specification is needed to define the UE behaviour for the second scheduled UL transmission (e.g., if UE receives a DCI indicating transmission according to UE-initiated COT when UE has not initiated the COT at the beginning of the UE-FFP, the UE transmits the second scheduled UL transmission assuming a gNB-COT if it had detected a DL transmission burst in that gNB-FFP). Besides, in Alt-a, if gNB schedules an UL transmission in the next gNB-FFP, the UE still needs to check if the gNB has acquired that COT (i.e., the next gNB-FFP) prior to transmitting. Based on this analysis, we propose:
[bookmark: _Hlk68419956]Proposal 5: 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 rules applied for a configured UL transmission (i.e., adopt Alt-b).
COT-initiation control/cancelation/overriding

In our view, one motivation of a dynamic indication to control COT-initiation or to cancel an initiated COT by a first UE could be to schedule a high priority/urgent UL transmission of a second UE. Such motivation can be achieved by group-common signaling (e.g., DCI formats 2_0 or 2_4). 
Proposal 6: In semi-static channel access mode when a UE can operate as initiating device, the UE can be indicated to not initiate or to terminate an already initiated COT.
· FFS if any enhancement on top of SFI or ULCI is needed.
UE Priority
Allowing only a limited set of UEs under certain conditions to initiate a CO instead of allowing a lot of UEs (or most UEs capable of UE CO initiation) to initiate a COT at the beginning of a frame period can have certain advantages.
As an example, allowing UEs only with high priority (HP) data/control to initiate a CO can be useful to give them a chance to use the beginning of the CO to send their HP data/control. For instance, as shown in Figure 1, assume that two UEs have overlapping configured grant resources; both UEs would compete for access to the shared resource. As an outcome of the clear channel assessment (CCA), it may happen that only one of them detects the channel as idle while the other detects it as busy, so that only one of the UEs would transmit its data; in such a case, there is a high likelihood that the corresponding transmission can be received correctly. However, it may also happen that both UEs detect the channel as idle during their respective CCA procedure, so that both are accessing the channel simultaneously, leading to collisions on the channel and consequently to a high likelihood that neither transmission can be received correctly. It may also happen that both UEs detect the channel as busy, so that neither will transmit. In our view, the gNB can configure a UE to be able to initiate a COT only for HP data/control or for both HP and LP data/control, e.g. depending on the number of active UEs in a cell.

[image: ]
[bookmark: _Ref46463589]Figure 1: UE1 has high-priority (HP) data and UE2 has low-priority (LP) data at the beginning of a COT/FFP; UE1 is allowed to initiate a COT
 
Proposal 7: Support (as one mode of operation) allowing only UEs with high priority data/control to initiate a COT for FBE.
UL-DL COT sharing
[bookmark: _Ref63253265]Constraint on DL content
In the last meeting, 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 analyse 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, if UE-initiated COT for idle/inactive UE (for UE2) is supported, UE2 determines the COT initiator based on BC signaling.
Proposal 8: 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
When a gNB shares a channel occupancy initiated by a UE with configured grant PUSCH transmission, the first UL transmission (transmission burst) sent by the UE may not occupy most of the acquired FFP as there will be not much time resources left for COT sharing with gNB. In case a configured grant resource at the beginning of a frame period is relatively long, such PUSCH transmission needs to be terminated. One simple way to terminate a PUSCH transmission is to skip the remaining PUSCH repetitions such that the transmitted PUSCH is not longer than a certain number of repetitions. For instance, assuming the number of (nominal) repetitions ‘K’ to be applied to the transmitted transport block is 4, the UE only transmits the first two transmissions of the PUSCH repetition as shown in Figure 2.
[image: ]
[bookmark: _Ref46927990]Figure 2: The CG resource is associated with 4 repetitions, a new TB is transmitted using the first two repetitions (one initial transmission and 1 repetition) at the beginning of a UE-FFP.

Proposal 9: For the case of UE-initiated COT with configured grant PUSCH transmission, the number of repetitions applied to a transport block at the beginning of the acquired FFP can be less than the number of repetitions associated with PUSCH transmissions of the configured grant (in transmission occasions other than those of the beginning of the acquired FFP).
In addition, to increase the likelihood of the first UL transmit burst 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 10: 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).
Furthermore, following the first UL transmission burst on a CG resource, if there is another high priority UL transmission on another CG resource within the same acquired FFP and the gap between the end of first transmission burst and beginning of next high priority transmission is greater than 16µs, then UE is required to perform Cat 2 LBT again according to the current specification in Rel-16 NR-U. However, if the channel is occupied by another UE during the gap, then the UE would lose the channel and not able to transmit the high priority UL transmissions. This is not desirable for high priority URLLC traffic with low-latency requirements. In order to avoid this issue, one possibility could be to consider shifting CG resources earlier in time-domain for the high priority UL transmission by an offset to reduce the gap to under 16µs so that the UE is not required to perform LBT and just start the high-priority UL transmission, as illustrated in Figure 3, where original gap g1 is greater 16µs, but the final gap g2 is reduced to under 16µs  by applying offset t. 

[image: ]
Figure 3: Shifting of high-priority UL transmission on CG resource earlier in time to keep the gap under 16µs from the end of last transmission within the UE-initiated COT
An alternative way of reducing (to some extent) the gap g1, is applying CP extension for the second transmission to keep the effective gap short. In that case, the gNB's reception timing doesn't need to adapt to any shifting. 
Proposal 11: 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, following solutions can be considered:
· Shift the high-priority UL transmission earlier in time to reduce the gap to under 16µs
· Apply CP extension 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: FFP offset for UE-initiated COT is the starting point of first UE FFP relative to an even index radio frame boundary.
Proposal 2: UE-initiated COT for idle/inactive mode UE can be further studied (with lower priority compared to more basic items such as determining if a COT is associated with a UE or gNB).
Proposal 3: The UE is not allowed to transmit during the idle period of any FFP associated with the serving gNB.
Proposal 4: 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(i.e., adopt Alt-a).
Proposal 5: 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 rules applied for a configured UL transmission.
Proposal 6: In semi-static channel access mode when a UE can operate as initiating device, the UE can be indicated to not initiate or to terminate an already initiated COT.
· FFS if any enhancement on top of SFI or ULCI is needed.
Proposal 7: Support (as one mode of operation) allowing only UEs with high priority data/control to initiate a COT for FBE.
[bookmark: _Hlk61879184]Proposal 8: 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 9: For the case of UE-initiated COT with configured grant PUSCH transmission, the number of repetitions applied to a transport block at the beginning of the acquired FFP can be less than the number of repetitions associated with PUSCH transmissions of the configured grant (in transmission occasions other than those of the beginning of the acquired FFP).
Proposal 10: 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 11: 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, following solutions can be considered:
· Shift the high-priority UL transmission earlier in time to reduce the gap to under 16µs
· Apply CP extension for the second transmission to keep the effective gap under 16µs

References
[1] RP-210854, “Revised WID: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR”, RAN 91e.
[2] R1-2009065, “On the enhancements for unlicensed band URLLC/IIoT”, MediaTek Inc., RAN1 103e.
[3] R1-2008568, “UL enhancements for IIoT/URLLC in unlicensed controlled environment”, Nokia, Nokia Shanghai Bell, RAN1 103e.
[4] R1-2009781, “Summary#4 on Enhancements for URLLC/IIoT on Unlicensed Band”, Moderator (Ericsson), RAN1 103e.




image1.png
Idle period
<>

I UE1, high-priority PUSCH

< >
FFP

I UE2, low-priority PUSCH





image2.png
CG resource





image3.png
Offsett

LP
g2

Original
Gapgl P





