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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#104-e, the following agreements have been made on enhancements for unlicensed band URLLC/IIoT [1]:
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 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.

In RAN#104bis-e, the following agreements have been made on enhancements for unlicensed band URLLC/IIoT [2]:

Enable UE Initiated COT 

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

Agreement:
· Option 2-b and option 3 are not considered further for the agreement in RAN1#103-e regarding CG harmonization

In this contribution, we discuss issues related to URLLC transmissions for support of UE-initiated COT for FBE, Release of UE initiated COT and harmonization of UL configured grant. 
Support of UE-initiated COT for FBE
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, we propose to support the following:
[bookmark: _Hlk61011260][bookmark: _Hlk61010978]•	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 has 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.
UE initiated COT is supported as a supplement for gNB initiated COT, to reduce signalling overhead and to improve the system performance in particular for URLLC use cases. It is not additionally beneficial for gNB to dynamically signal if a UE should initiate a COT for each FFP. If the gNB has initiated a COT and sent an UL Grant to the UE scheduling a PUSCH, the gNB would have obtained the COT. The gNB would not schedule a transmission onto another UE’s COT since that would cause a collision. The UE would not have already initiated a CO in the UE FFP in which the UL transmission is scheduled since gNB has the COT. Hence the only period which is outside gNB’s COT is gNB’s own idle period. The UE does not need to initiate a COT if the PUSCH still falls within the gNB’s COT since the UE can be a responding device.
Whenever feasible, it is desirable for UE to transmit using a gNB initiated FFP for URLLC when gNB schedules a UE transmission since the gNB would have already obtained the COT and it can determine the UE’s transmission priority. However, if the transmission is not confined within a gNB FFP before the idle period of that gNB’s FFP, it is beneficial for the UE to transmit the configured UL transmission according to the UE’s initiated COT.
Similarly, a UE is able to determine whether a scheduled UL transmission should be transmitted according to shared gNB-initiated COT or UE-initiated COT. DL signaling would be increased if the gNB has to always transmit PDCCH for each UE to enable a UE initiated FFP.
When a scheduled UL transmission starts after a gNB FFP boundary and ends before the idle period of that gNB FFP:
· [bookmark: _Hlk61020856]If the UE has already determined that gNB has initiated that gNB FFP, then UE assumes that the scheduled UL transmission corresponds to gNB-initiated COT.	Otherwise, the UE assumes that the scheduled UL transmission corresponds to UE-initiated COT.
When a scheduled 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 scheduled 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 scheduled UL transmission corresponds to gNB-initiated COT.
The basic operations can be achieved via gNB initiated COT. Within each COT, there can be multiple transmissions in both DL and UL. Subject to CCA, UEs served by the gNB can transmit within the gNB’s shared COT. With the introduction of UE initiated FFP, collision handling can become more complex. For example, UE1 may have a transmission via UL configured grant using UE1 initiated COT based on UE’s FFP, another high priority UE2 may also want to transmit, the high priority UE2 may not be able to transmit even at the next FFP if the start of FFP is aligned with UE1’s configured grant. 
It is agreed in RAN1#104e that in semi-static channel access mode, sharing a UE initiated COT through the gNB to other intra-cell UEs for UL transmissions, is not supported. If gNB shares UE1’s COT, it cannot transmit unicast DL signal to serve another UE, e.g. UE2. 
However, if gNB shares UE1’s COT, gNB should still be allowed to transmit the broadcast or group common signalling to UE2, since UE2 does not need to identify if the received DL signalling is from gNB initiated COT or gNB sharing other UE’s COT, and UE2 does not need to know what to assume for the idle periods as it has already detected the DL signal.  
Proposal 1: Predetermined rules are supported for both configured transmission and scheduled transmission.
[bookmark: _Hlk47366299]Release of UE Initiated COT
[bookmark: _Hlk47339681][bookmark: _Ref129681832]UE initiated COT is introduced to improve the support of URLLC UL configured grant transmission. We propose that gNB can explicitly release a UE initiated COT in order to support high priority URLLC transmissions. As shown in Figure 1, UE#1 is sending UL transmissions using FFP-ue1, while UE#2 would need to send a high priority UL transmissions via configure grant. Even though UE#2 has a higher priority UL transmission, it can be blocked due to LBT failure, also the gNB is not aware that UE#2 has data to transmit. UE#1 may initiate a COT successfully in every FFP if its configured grant transmission is aligned with the FFP boundary. To overcome this, a higher energy detection threshold level may be configured for the URLLC UE, and UE with URLLC data may be allowed to transmit immediately, even if the channel is considered occupied otherwise. gNB can then detect this UL transmission and identify the UE. 
[image: ]
Figure 1 Release of UE Initiated COT 
Upon detecting the high priority transmission, gNB may send a PDCCH to cancel a low priority UE’s transmission and/or release the corresponding UE initiated COT (if it is not a scheduled transmission). To avoid the case in which the gNB may need to repeatedly cancel the UE initiated COT, as the UE with configured grant transmission may successfully obtain the channel again at its next FFP, it is proposed that once a UE initiated COT is released by gNB, the low priority UE may not initiate another COT for the same transmission/service until gNB reschedules its UL transmission.
Proposal 2: gNB may send a PDCCH to cancel a low priority UE’s transmission and/or release the corresponding UE initiated COT in order to support another high priority URLLC transmission.
[bookmark: _Hlk67930027]Proposal 3: Once a UE initiated COT is released by gNB, the UE may not initiate another COT for the same transmission/service until gNB reschedules its UL transmission.
4 Harmonization of UL Configured Grant
For harmonization of UL configured grant, it is agreed to down-select one of the following options:
•	Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
•	Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
•	Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
It is assumed that LBT failures only happen infrequently in unlicensed controlled environment.  If cg-RetransmissionTimer is not configured, but CG-UCI is configured without CG-DFI, the CG-UCI is always transmitted with the CG initial transmission. If LBT failure is low, it may not be necessary to support CG-UCI without cg-RetransmissionTimer and DFI. Therefore, we agree to support Option 1 that both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
It is agreed in RAN2 that when cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection. When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection. HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U. HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.
If cg-RetransmissionTimer is configured but CG-DFI is not configured, for the CG-DFI ‘NACK’ case, gNB can schedule the retransmissions. However, for the ‘ACK’ case, without the gNB’s feedback (CG-DFI = ACK), the UE will trigger an autonomous retransmission upon cg-RetransmissionTimer expiry. So the cg-RetransmissionTimer should always be configured together with the “CG-DFI based procedures” for acknowledging the successful reception of the configured grant.
If cg-RetransmissionTimer is configured without CG-UCI, when cg-RetransmissionTimer expires, if no UL grant with the same HARQ ID of the CG PUSCH transmission is received, UE should assume NACK and perform autonomous retransmission; without NDI from the CG-UCI, even if UE performs retransmission in the next CG transmission occasion, the gNB cannot identify if this is a retransmission or a new transmission.
Therefore, we think that it is necessary to configure the cg-RetransmissionTimer for both CG-UCI based procedures and CG-DFI based procedures.
Proposal 4: Support both CG-UCI based procedures and CG-DFI based procedures are enabled or disabled for unlicensed using RRC parameter cg-RetransmissionTimer-r16.
[bookmark: _Hlk61358028][bookmark: _Hlk61358061]5 Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed issues related to UE initiated COT for FBE, Release of UE initiated COT and harmonization for UL configured grant, and proposed the following:
Proposal 1: Predetermined rules are supported for both configured transmission and scheduled transmission.
Proposal 2: gNB may send a PDCCH to cancel a low priority UE’s transmission and release the corresponding UE initiated COT in order to support high priority URLLC transmission of another UE.
Proposal 3: Once a UE initiated COT is released by gNB, the UE may not initiate another COT for the same transmission/service until gNB reschedules its UL transmission.
Proposal 4: Support both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
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